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This chart covers molding and extrusion compounds, cost resins, 


ini i i ro 
for the properties in the chart are based upon maximum ond minimum figures submitted by o numbe * 
sizes of test specimens My 


facturers of each type of plastic moterial. Differences in their procedures and 
lead to erroneous conclusions in some cases if direct comparisons ore attempted. 
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Cellulose Cellulose 
Methy! Methacrylate Ethyl 
POLYMER . “ Medios Cellulose Cellulose Acetate Cellulose |  Propionate Acetate pose 
AND Acrylic , Acetate, Moldi Butyrate _ 
MMA Moldi ieeteing igh Acetyl ne (Pyroxylin) 
COPOLYMER ‘a : 0 = Compounds Hig Compound 
ene ompoun . 
. and Sheets Sheet Moldin 
Cast Molding | Copolymer Sheet Molding g 
i Excellent Excellent Excellent Excellent Good 
Excellent Good Exe ellent Excellent Excellent Excellent Rneerent — 10.390 320-450 210-320 265-390 185-250 
300-425 300-400 300-400 250-390 210-32 500-5000 100-5000 500-5000 100-5000 2000-5000 
2000-10000} 1000-8000 2000-5000 500-5000 500-5000 = = 355.480 335-515 co 335-480 
350-480 325-500 400-550 400-490 350-500 - 335- 
100-32000 8000-32000 - 8000-32 ~ 
10000-20000 10000-20000] 10000-30000} 10000-20000 8000-32000 - — ar) 6 2.0-2.4 = 2 — = 
1.6-2.0 : - 1.82.4 - “2. —— : oo 
0.00 Injection ~ Injecti - 
ae } ~~ ‘ 004- d tion 0.003-0.007; I jection 
0.025 ay pression 0.002-0.006 0.004-0.008 0.005. 0.009 Bee 0.203-0.007: Hosh 0.008-0.010 0.001-.005 0.002-0.005; 
0.001 -0.004 somip . Compression Compression 
an oom 0.003-0.009 0.003-0.009 
0.002-0.0 
1.34 1,18-1.24 1. 15-1.22 1.15-1.22 1.35-1.40 
1.410-1,.425 1.17-1.20 1.17-1.20 1.12-1.16 1.12-1.18 1.09-1.17 1.28-1.32 1.23-1.34 1.26 n 
24.7-23.3 25.5-23.6 21.6-20.9 22. 5-20.6 22.0-20.6 .4-22.5 24.0-22.7 24.0-22.7 20.5-19.8 
19.5-19.7 23.7-23.1 23.7-23.1 24.6-23.8 4.7-23. - d ee ro 146. 1.50 1461.50 1.46-1.49 1.46-1.49 1.46-1.49 1.49-1.5] 
8800-1 0000 3000-11000} 7000-11000 9000 5000-9000 2000-8000 4500-8000 : re 30.100 60-100 40-88 40-45 
pe Seinie-! home # ~ = ay re 5 nT 0 3.5-4.5 0.6-2.15 2.0-2.5 0.5-2.0 1.9-2.2 
3.75-4.10 3.55. 4.5 4.5-5.0 .0-4.0 1.0-3.0 9000 | 2200 s2000 | 14000-36000 3100-22000 ‘ 2100-22000 | 22000-35000 
18000 11000-19000] 12000-18000] 11000-15000) 4000-14000 10000-35000 18000-25 sah 14000 3500-13000 3900- 11000 4000-9000 1800-9300 9000-11000 
12000-14000 12000-17000} 13000-17000} 16000-19000 8000-13000 4000-12000 6000-10000 2000- 1600 oe : ; 
0.4-5.2 0.4-5.2 0.5-10 0.8-6.3 0.8-6.3 5.0-7.0 
Lelie 0.4-0.5 0.3-0.5 0.35-0.50 0.5-3.0 2.0-8.5 1.0-3.0 UA. : 
2 3extr.) 0.3-1.7 @ 40°F. 
Y R20-R120 VW ° 95- 
M76-M94, R118 M80-M1 00 M85-M1 05 M75-M85 R100-R120 R50-R115 RIS-R120 staal aah 4-8 siasteh ; aot a Ls - oe ue 
° . 3.8-7 4-8 4- ’ ¢ f : ; 
5.5 4-6 4-6 3.0-4.0 45 A 0.3.0.42 0.3-0.42 0.30.40 0.3-0.4 0.3-0.4 0.3-0.4 
0,35 0.35 0.35 0.34 0.34 0.3-0.75 0.3-0.5 . 
10-1 8-16 & 16 11-17 11-17 11-17 8-12 
01-09 9 tern oe ts 4 He ee 2 150-220 155-220 140-220 140-220 ca. 140 
185-250 140-200 140-1908 180-200 160-185 115-185 140-220 140-220 4 . 
130-160 | 110-209(66psi) 120-210 110-250(66p si) 115-200 115-227(66psi) 140-160 
31 6-338(66 p.s.i.) 150-210 160-1958 200-210 170-190 115-190 ape = 8.1913 12.415 10.1912 10.) 912 . 10 
1x 1019-610 —  S10r8 10"4 or8 2.0 x 1018 10-10" 10'.j0% | 10"-10" 10-10 w de 1010 LOTS) « 0 
1% on vv - 4 , \. 00-450 0-400 250-40 00-600 
465% | 12008 450-550 450-55( 400-500 400-500 350-500 250-300 a ro on — = — 256-550 
400 350-400 350-400 400-500 300-500 - 200-300 200- _ = = 
‘ 4.7 3.5-7.5 4.7 - 4.7 3.5-6.4 7.0-7.5 
1.5.4.5 3.5-4.5 3.13 3.0-4.0 3.0-4.2 . - ‘ 4.6-3.9 4.5 7.0 
3.03.5 3.0-3.5 2.81 2.5-3.5 3.0-4. 4.5 3.5-7.0 — rn : = : 
2.4 9.39 2.03.0 2.8-3.9 4.4 3.2-7.0 4.4 3.4-3.6 4.4 3.2-6.2 6.4 
44° 4 44° 4 . . ° . . 
0.05-0.06 0.04-0.06 0.025 0.03-0.04 0.005-0.020 0.018 0.01-0.06 0.018 0.01-0.04 0.018 0.01-0.04 0.09-0.12 
~_ - 0.022 0.01-0.06 0.022 0.006-0.01 0.022 - 0.03 
).004 0.04-0.06 0.03-0.05 0.019 0.02-0.035 0.002-0.020 . “UleU, 0.01-0.04 0.051 0.01-0.04 0.06-0.09 
0.004 0.02-0.03 0.02-0.03 0.01-0.02 0.010-0.060 0.051 0.01-0.10 0.051 - ; .01-0. .06- 
129(burns No track | No track - No track oo ne a 132.0 132 : 0.9-2.2 0.92.2 1.0-2.0 
0,12-0.25 0.3-0.4 0.3-0.4 0.2 0.2-0.4 0.8-1.8 2.0-4.5 1.9-6.5 +2. .2-2. 9-2. .0-2. 
Slow Slow Slow | Slow Slow Slow Slow to self-extinguishing Slow Stow Slow Very feet 
Chalks slightly Nil Nil Slight Strength Slight when No visible Slight Slight Slight No visible Slight Discolors ond 
Loss properly change change ae 
stabilized rittle 
Resistant to Nil Nil None Practically nil Slight No visible Slight None Slight No visible Slight Slight 
some change change 
Attacked Attacked only by high concentration | Attacked only by Decomposes Decomposes | Decomposes Decomposes Decomposes | Decomp Decomposes Decomposes 
oxidizing acids high concentration 
oxidizing acids 
Resistant to Nil Nil None Practically nil None No visible Slight No visible Slight No visible Slight Slight 
some change change change 
Resistant to Attacked Attacked None Practically nil Slight Swells Decomposes Decomposes Decomposes | Decomposes | Decomposes Decomposes 
some 
Excellent Soluble in ketones, esters, aromatic Soluble in Widely soluble Soluble in ketones and esters; softened or slightly soluble in alcohol; little affected by 
resistance to and chlorinated hydrocarbons. ketones, esters, hydrocarbons 
practically aromatics, and 
all solvent chlorinated 
hydrocarbons 
Excellent Fair to Good to excellent Good to excellent Good Good Excellent Good Excellent Good Excellent Excellent 
excellent 
Translucent Transparent (>92% light transmission), Translucent Transparent Transparent | Transparent Transparent Tronsparent | Transparent | Transparent Transparent 
to opaque translucent, and opaque to opaque trans|ucent translucent translucent translucent translucent translucent translucent translucent 
opaque opeque opaque opaque opaque opaque opaque opaque 
elcon (44) ; »dco | (41), Zerlon (64) | Implex (181) Campco (37), Bexoid (28), Cadco (36), Campco (37), Forticel (43), | Cadco (36), Tenite Celluloide 
Delrin (66 nee Ot pone Codeo (36) Ethocel (64), Cellidor A,S, U (77), Celanese (43), Epco Reed (172), Campco (37), | butyrate (69) (127), Joda C/N 
adco (36 9) Gorlan taunt Hp ° Epco (75) Gering EC (40), (75), Erinoid (75a), Fiberfil (79), Gering CA Tenite pro- Fairylite(195), Epco (75), (59), Nitron 
Gieseave C11), interslac- Reed (172) Interplastics(114)} (94), Interplastics (114), Joda C/A (59), pionate (69) Fiberfil (79), Cellidor B (136), Nixon 
tics (114), Lucite (66), Soplasco (199) Joda E/C (59), Kodacel A29 (70), Kodapak | and |V (70), Genco (92), (77), Polene C/N (144), Py- 
streglow (211), Lustre Reed (172), Midwest-Midlon A (131), Nixon C/A (144), Gering CAB (160) Reed ralin (66), 
lite (211 Lustretone 21 Soplasco (199) Plastocele (66), PMI (68, 155), Polene (160) (94), JodaC/AB (172) Wopaloid (22), 
aight a Reng. os Poly-Cell (162), Reed (172), Sandee (184), (59), Kodapak | Xylonite (28) 
(16 Poly a 4 a] Sicalit (127), Sicaloid (127), Soplasco (199) (70), Midwest- 
(172), Sandee (184 Tenite acetate (69), Vuepak (136), Wopalit Midlon (131), 
slas (127), Soplasco (199 (222), Wopalon (222) Nixon CAB 
Swirlustre (21) (144), Non- 
*Bavick-1] heat-resistant Flam (195), 
type to 265°(3 Soplasco (199 
36,44, 66,172 ff 2,32,36,38 | 38,66,75,79| 64 36, 75, 105, 172 37,59, 64, 94 3,28,36,37,43,  3,28,43,59, 28,59 9,75,77, |28,59, 66, 127 
° t M ’ ‘ t ‘ . . ‘ ‘ ‘ ‘ ‘ ‘ ’ ‘ ’ ’ ’ ’ ’ ,68,70 43,69,172,199 7, 24, 36, 37, 6 ‘ ‘ ‘ oo ’ ’ ‘ 
41,68,92,10%, 94,105,111, 181, 188, 199 111e,114,172, | 59,66,68,70,750, 67,75,750,77, 94.129.155, 59, 70, 79, 92, | 156, 160, 136, 144, 220, 
MMe, t27) 114,124,129 77,94,105,111a, 79,94,127, | 199 1We, 1 
155,161,1 160,161,172 199 —, omyelel, 94,1110, 131, | 172,188 222 
, 127,131,136, 136,155,156 
181,184,188 181,188,199 erty 144, 154, 188, 
196211220 220 144,154,155, 159,160,162, ’ 
2M 162,172,188, 172,220,222 195,199 
199,222 
| me Resin Corp., 1 ircle Ave Forest Park, Il 18. Anchor Plastics - ee CUT 2 Div., Chi Molded Products C ee 4 
2 rs ryv be ry t Bn . 470 ey 99th St Brooklyn 36, N.Y 19 ren woh tame oe gs LE iy ts ae ng a . oes ‘an. cniaene See i. jellies. 
3. Air Reduction Chemical & Carbide Co., Div. Air Reduction Bidg., Minneapolis 2, Minn et 38. Canadian Industries Ltd., P. ey ~ or 
< nc 150 42 St., New York 17, N.Y 20. Aries Laboratories, Inc., 225 Greenwich a. \ b boli Co., 32 Hanley Indus. Ctr., St. Louis 
4. Al dee pinetie . a+, t~- al Corp., 23874 Pine St 21 peat oe a ce . Fath Rd 7 Warsaw .~ an — rH } aspen Ba mag PO. Box 38, East Bruns 
Newhall, Calif 22. Asfalti Bitw -ementi E Deriva ' : ; : i Cc -, 123 South N St., Hack 
5. Alger -=~4 Kunstzude Unie N.V., Arnhem, Holland Italy ws obaie ale Vie Loutueaae ate Sem $2. Suaaen Gam. of America, 1 Park Ave., New Yo 
6. Allied Chemical Corp., Plastics and Coal Chemicals Div., 23. Atlas Powder Co., Wilmington 99, De! 43. Celanese Plastics Co., a Div. of Celanese Cor 
40 Rector St., New York 6, New York 24. Aub lastics, Inc., anoge $ St., N rk, N.J. 
LIST OF Allied Resinous Products, Inc 525 W. Adams St., Conneaut, 25 Avisun — 1345 Chestnar sen Phi accent, te 44. Gonaiee iattener dee Dis. of Celanese Corp. 
yhi 26. BCI Indust , Chemic v » ene 0 aes 744 Broad St., N k, N.J. 
MANUFACTURERS  *Alphe Chemical and Plastics Corp., 11 Jabes St., Newark 5, NY. misale Div., 1407 Broadway, New York 45. Ghasaed Seathone and - Co., Inc., 1 
N.J 27. B.I.P. Ch “ r irmineh oO. 305, dia, Pa. 
8. American Alkyd Industries, Broad & 14th Sts., Carlstadt, N.J 28. BX Piestice Lid., Chingord we. L ond S Ea Basgent 46. peel peer adh wee Carp. Endicott St., Dan 
9. American Cyanaemid Co., 30 Rockefeller Plaza, New York 20, 29. Badische Anilin- & Soda-Fabrik AG | ‘d ree am Rhein 47. Chemische Werke Huls A.G., Merl (Kreis Reckl. 
N.Y W. Germany wi ‘ W. Germany 
10. American Hard Rubber Co., Ace Rd., Butler, N.J 30. Baker Chemical Co., J.T., Phillipsburg wy 48. Chemore Corp., 2 Broadway, New York 4, N.Y. 
11. American Insulator Corp., New Freedom, Pa 31. Biggs Co., Inc., Carl H., 1547 Fourteenth & Santa Monice 49. Ciba Products Corp., Plastics Div., P.O. Box 
12. American Lucoflex, Inc., 500 Fifth Ave., New York 36, N.Y Calif. Ry oa ; Lawn, N.J. 
1. American-Marietta Co., Adhesive, Resin, and Chemical Div., 32. Borden Chemical Co., The, Div. of The 8 Co., 350 50. Colab Resin Corp., Tewksbury, Mass. 
3400 13th Ave., $.W., Seattle, Wash Madison Ave., New York 17, N.Y ‘Se ° $1. Coast Pro-Seal Mfg. Co., 2235 Beverly Bivd., | 
14. American Molding Powder & Chemical Corp., 703 Bedford 33. Borden Chemical Co., The, Div. of The B Co Calif. 
Ave., Brooklyn 6, N.Y Resinite Dept., Santa Barbara, Calif oe a 52. Columbie-Southern Chemical Corp., 1 Gateway 
15. American Plastics Corp., 342 Madison Ave., New York 17, N.Y 34. British Geon Ltd., London W. 1, England Pittsburgh 22, Pa. 
16. American Reinforced Plastics Co., 851 E. 60th St., Los 35. British Resin Products Ltd., London w 1., England 53. Commercial Resins Corp., 594 
Angeles 1, Calif 36. Cadillac Plastic and Chemical Co., 15} 11 ‘scene Ave., 54. Cordo Molding Products, Inc., 
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NYLON MOLDING COMPOUNDS POLYTETRA- - 
FLUORO- 
ORINATED CHLORO- F ruviENE 
LYETHER TRIFLUORO- FLUORO- 
eruyLene  MOLOING 9 carBoN 
Type 6/6 20-40% Glass Type 6 COMPOUND 
Injection Molding | “Finer Filled | 'mlection Molding ih Density Medium a 
and Extrusion and Extrusion Density Density 
=xcellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Good Excellent = Excellent 
400-420 ~ i 300-450 300-375 275-350 340-450 480-520 445-500 - 600-750" 
500-1000 - - ~ 500-3500 100- 1000 100- 1000 300-3000 1000 500- 15000 - 1000-2000 
425-465 470-720 470-700 440-600 20-600 300-600 300-600 390-550 525-600 440-550 - 625-760 
0000-20000 10000-25000 10000-25000 10000-25000 10000-20000 8000-20000 8000-15000 10000-20000 15000-20000 20000-40000 - 5000-20000 
- 2.1-2.2 2.0 - 2.0 1,8-2.2 1,8-3.6 2.0 1,74-5.5 2.0 3,0-4.0 2.( 
).004-0.006 0.015 0.001-0.005 0.009 0.02-0.05 Approx. Approx. 0.01-0.025 0.005-0.007 0.005-0.0 10 0.03-0.06 
0.03 0.03 
1.4 1,09-1.14 1.30-1.52 1.13-1.16 0.941-0.965 0.926-0.940 0.910-0.925 ~ 0,90-0.91 1.2 2.1 2.13-2,22 2,142.17 
19.8 25.5-24.2 21.7-25.4 24.5-24.2 29.4-28.7 - - 29-31 23 13.2 13.2-12.6 12.8- 13,0 
‘ie 1.53 = 1.54 ~ 1.51 1.49 1.586 1.43 1.35 1,338 
6000 7000-12000 14000-31000 10200-12000 3100-5500 1200-3500 1000-2300 4300-5700 8000-9500 5700 2000-4500 2700-3100 
60-160 25-200 1,5-2.5 25-320 15-100 50-500 90-650 250-700 60-100 100-200 200-400 250-330 
1.6 2.6-4.0 8.6-18 1.5-3.6 0.8-1.5 0.25-0.55 0.17-0.35 1,3-2 3.2 2-3 0.58 0.5 
~ 7200-13000 15000-24000 6700-9700 2400 - - 8500- 10000 11000 32000-80000 1700 
5000 8000-13800 18000-40000 8000-16000 1400 4800-7000 - ~ 11000-13000 8250 
0.4 1.0 2.6-6.0 1.0-3.6 1.5-12 0.5-5.5 >16 0.6-2.0 12-16 3.6 3. No break 
2.5-5.0(—40°F .) (4x %" Bar) (% x %" Bar) 
R-100 R111-R118 M94-E75 R103-R118 D60-D70 (Shore) D50-D70 (Shore) D41-D46 (Shore) R85-110 M70,R 118 R110-R115 D50-D65 (Shore) R25 
3.1 9.8 1.5-1.7 89 11-12.4 - 8.0 2.8 4.6 6 6 6 
~ 0.4 0.30-0.35 ra 0.55 - 0.55 0.46 0.30 0.22 0.25 0.28 
8.0 10-15 1.2-3.2 8-13 11-13 - 16-18 8.5 7 4.5-7.0 10 6,3-10,5 
290 270-300 300-400 175 250 220-250 212 275-320 250 390 550 400 
85 (66p.s.i.) 300-360 (66 p.s.i.) 490 (264 p.s.i.) 260-340 (66 p.s.i.) I 140-180 (66 p.s.i.) | 120-150 (66 p.s.i.) ]105-121 (66 p.s.i.) 210-230 (66 p.s.i.) 270-280 - 250 (66 p.s.i.) - 
10'S (0.454) x 19" 1.53-5.5 x 10% 10'2.10'5 1025. 196 >10" >10" 6.5x 10% 2.1 x 10* 1.2 x 10% 1918 2x 10" 
400 385-470 408-503 440-510 450-500 500-700 460-700 500-660 400 530 48( 500-60 
~ 340-410 375-450 320-440 440-600 500-700 420-700 650 364 600 4H 
3.1 4.1-4.6 4.0-4.6 5.0-14.0 2.30-2.35 2.25-2.35 2.25-2.35 2.25 3.17 2.24-2.8 2.0 | m 
3.0 4.0-4.5 3.8-4.4 49-10.1 2.30-2.35 2.25-2.35 2.25-2.35 2.25 3.02 2.3 2,( 2.1 
2.9 3.4-3.5 3.4-3.9 4.0-4.7 2.30-2.35 2.25-2.35 2.25-2.35 2.0-2.25 2.9% 2.5 20 2.1 
0.01 0.014-0.04 0.017-0.026 0.06-0.10 < 0.0002 <0.0005 <0.0005 0.0005 0.0009 0.0012 0.0002 .00 
0.01 0.02-0.04 0.020-0.025 0.06-0.11 <0.0002 <0.0005 <0.0005 0.0008 0.0021 0,003¢ 0002 0003 
0.01 0.03-0.04 0.017-0.022 0.04-0.13 < 0.0003 <0.0005 <0.0005 0.0001 -0.0005 0.010 0.0036 0.0002 1003 
- 130-140 92-148 - - 200-235 135-160 185 10-120 360 200 165 
0.01 0.4-1.5 0.1-1.4 1,.9-3.3 <0.01 <0.01 <0.015 <0,01 0.3 0.00 0.00 0,01 
Self- Self- Non-burning Self- Very slow Very slow Very slow Slow Self exting- None None None 
tinguishing extinguishing extinguishing ui shing 
ight (loss in Discolors Very little Slight Requires Surface crazing Surface crazing Requires Yellows None None None 
surface slightly discoloration dis coloration black (Except black (Except black black slightly 
ductility) & brown) & brown) 
None Resistant Resistant Resistant Very Very Resistant Very None None None None 
Resistont Resistant Resistont 
Attacked by Attacked Attacked Attacked Attacked Attacked Attacked by Attacked Attacked slowly None None None 
idizing acids slowly by slowly by oxidizing acids slowly by 
oxidizing acids oxidizing acids oxidizing acids 
None None None None Very Very Resistant None Resistant None None None 
Resistant Resistant (limited) 
None None Surface only None Very Very Resistant Very Attacked None None None 
Resistant Resistant Resistant 
Resists most Resistant to Resistant to Resistant to Resistant Soluble in Soluble in Resistant Resistant to Halogenated None None 
solvents common solvents most solvents common solvents (below 80°C.) aromatic solvents | aromatic solvents (below 80°C.) parafinics. compounds 
above 60°C, above 60°C. Soluble in cause slight 
aromatic and . 
chlorinated swelling 
hydrocarbons 
Excellent Excellent Good Excellent Excellent Good Fair Excellent Excellent Excellent Excellent Excellent 
Translucent Translucent Translucent Translucent Translucent Transparent Translucent Translucent, Transparent Transparent Opaque Transparent 
to opaque to opaque to opaque to opaque to opaque to opaque to opaque transparent, to translucent to translucent 
opaque 
dco (36), Akulon (5), Alcylite} BCI (26) Akulon (5), Cadco A-C. ee (190), Aeroflex (18), Alathon (66), Alka- ote Pol ’ a Lexan (91), Chemelec 500 Cadco (36 Teflon FE P (66) 
4), Cadco (36),Cat-| Ch 1-9003 36), Catalin (42), thene (111), Ampacet (14), Bakelite (208), Boronol (7), Mer! 134 209), Exon (81), Chemelec 300 : 
aten GOP, re. es aw Cane Cadco (36), Campco (37), Carlona (194), Catalin (42), C-I-L P ody Corals 2\ep | Merlon (134) ff (208), Exo 9), Chemlonf code (36) 
lypenco K-51] alin (42), Epco(75),| (209), Fiberfil (79) | Chemiseal (209), a Escon <3 Fiberfil (79), (209), Chemlon § - 
: (38), Dow PE (64), Dylan (119), Elrex (177), Eltex (198), Cadco (36) Chemiseal 
66, 167) Fiberfil (79), Durethan BK (77), Bf Eoco (75), Fiberfil (79), Firestone Polyethylene (81) Fhestane poh Fluorotlen-C (56), Fluon (209), Chemlon 
Gering NRW (94), Firestone Nylon (81) Fertitiex ( 2), Gerina PE (94), lene (1 Makroton (77), Bt (176), Fluron [f (I11), Fluor: Mie 
inserolestics (114) irestone Ny Fortiflex (43), Genco (92), Gering PE (94), Gilco (95), 64), Hostalin PP Po Nuclon (153), — ~ (56) 
Me P 1 (111) ° Fosta Nylon (84), Grex (103), Hi-fax (83), Hostalen G (78), Interplastics(114), len(48), Nazarene “i (202), Fluran comps (122) 
.. ed (165) Gering NRW (94), Lupolen (29,170), Marlex (150), Midwest-Midlon P (131), 05), PM! 68,155), 1 . 1).$ (215), Hostaflon # Fluoroflex-T 
ylasint ' Nypel (145), Modulene (138), Monsanto polyethylene (136), Nazarene Polene (160), Poly-Pro ff (166, 167), So- C (78), Kel-F (176), Fluoro- 
Nylatron (165), Plaskon (6) (105), Petrothene (210), Plicose (158), PMI (68, 155), (200), ), Pro- tty Sm plasco (199) (132) plast (209), 
Nypel (1459), ‘ al (160) ff Polene (160), Poly-Eth (200), Reed (172), Resinol (7), mee 1a) FI + (166 
Plaskon (6), Poly- Poly Chemical (160) Riblene (22), Sandee (184), Seilon ETH, ETH-R (189), TT Te lion PRO vorosin 
penco-N (166, 167), Polypenco (166,167) Shell polyethylene (193), Soplasco (199), Super Dylan (119), age, Me! nein 167), Hostaflon 
Reed (172), Reed (172), Super Modulene (138), Tenite polyethylene (69), Tygothene fon), ign So asco F (78), Poly- 
Ultramid (29,170), Spencer Nylon (200), @ (215), Vestolen A (47) (199), T enite polypro- penco-T (167), 
Zytel (66) Ultramid (29, 170) pylene (69) Teflon (66) 
38, 107, 166, 4,5,6,29,36,38,42, 26,36,79,209 5,6,29,36,42,75,77, 7,70,14,18,22,28,29,33,36,37,38,42,43,47,59,64,66,68,69,75,8 25,36,38,42,47,48,  36,77,91,94, 66,71,78,79,81, & 36,38,56,580, 36,56,580,66, 
7 66,75,79,84,94,105, 81,84,94,105,1450, ff 78,79,81,92,94,95,100,102,103,105,107,111,1110,114,119, ff 68,69,73,75,78,81, Bf 134,166,167, ff} 89,132,176,203, 8 66,71,78,89, fF 209,215 
111,114,124, 145¢, 160,166,167,170, 120,124,131,136,138,150,154,155,156,158,160,164,170,171, ly gy 172,199,220 ff 208,209,235,2208 111,1220, 166, 
165, 166,167,170, 172,200,209,220 172,177,184,188,189,190,193,194,198,199,200,208,210,215, 160,171 ae 167,176,209 
171,172,220,2200 220,220a 189,190,193, 194, 
199,200,220 
1. 10°“cal. per sec. per sq. cm., per (°C. per cm. 2. ohm . (50% relative humidity an 
orp. . c astics Sales Div., 74. £ 1 c +» 1428 N. Tyler, South El Monte, Calif. 93. General Tire & Rubber Co., Chemical Divs., 17 
oe = ee ae eee re 75. Sue Pisstice Go.. 1215-31 Wainut 8t.. Erie, Pa. “ Ave., Akron 4 =. 8 Sintintatinn testes 0 
, Montreal, Que., Canade 56. Crane Packing Co., Teflon Products Div., 6400 Oakton St., 75a. Erinoid, Ltd., West Halkin House, West Haelkin St., 94. Gering Plastics, - ude - oo 
St. Louis 17, Mo. Morton Grove, Ill. Belgrave Square, London 8.W. 1, England No. 7th St. 4 —~y~3 ~ } me “a? » N.J. 
ast Brunswick, N.J. 57. Crowl Chemical Corp., 11667 McBean Drive, E! Monte, Calif. 76. Escambia Chemical Corp., 261 Madison Ave.,New York 16,N.Y. 8. Glackyd Ine Eckel R ry Pe wpetute, One 
St., Hackensack, N.J. $8. Cutler-Hammer, Inc., 492 N. 12th St., Milwaukee 1, Wisconsin 77. Farbenfabriken Bayer AG, Leverkusen, W. Germany oF aa sky P amen The 4321 Gle saa . + i Chewet 
, New York 16, N.Y. S8a.Davies Nitrate Co., Inc. , 114 Liberty St., New York, N.Y 78. Farbwerke Hoechst A.G., vormals Meister Lucius & Briining, - —_ Ce, AN. — a ete 
nese Corp. of America, 59. Davis Plastics Co., Joseph, Arlington, N.J. ss a: 79 eEnas Can. Por Pasa Bd. Wenen, a 3 ee ae ee = ae. ¢ ae 
se Corp. of America, 61. ewan ag Sy an oo 80. Fiberite Corp., 516 W. Fourth St., Winona, Minn. _ yet ee whe! _ ae ten .. 3989 &, O00 
62. Dewey & Almy Chemical Div., W.R. Grace & Co., 62 81. Firestone Plastics Co., P.O. Box 690, Pottstown, Pa. , Gale o , ” . ” 
o., Inc., Brooke St., Whittemore Ave., Cambridge 40, Ma 82. Plesfirm Products, 2300 N. Chico Ave., Bl Monte, Calif. 101. Goodyear Tire & Rubber Co., The, Chemics! Di 
63. Diamond Alkali Co., 300 Union Commerce Bldg., Cleveland 82a. Flexible Products Co., Marietta, Ga. ‘s ¢ hee Boge Aga emg aga “ 
t St., Danvers, Mass. 14, Ohio 83. Food Machinery and Chemical Corp., Chemicals & Plastics 108 Gerd Che Seat ~~ oo ee, a 
tis Recklinghausen), 64. Dow Chemical Co., The, Midland, Michigan B Div. a6 B. 43nd s., te York 17, Lag ¢ ~ ‘epdapeumecnmecenen “ , 
w . oster ren’ ©., Inc. eomin © ~ . 
« 4, N.Y. - = v Coming Corp., Midland —- E.1., Wilmington 98, Del, 84e.Frank, J.P., Chemical & Plastic Corp., 390 Fifth Ave. rg es eS es Se a. agg Be 
».O. Box 415, Fair 67. Durez Plastics Div., Hooker Chemical Corp., 888 Walck Rd., New York, N 105. H & R Plastics Industries, Inc., Nazareth, Pe 
North Tonawanda, N. v. 85. Freeman Chemical Corp., Subs. of H. H. Robertson Co., tp Daf ere oper o oes _—— » 2 . 
68. Eastern Plastic Materials, Inc., Woonsocket Indust rial Park, 211 E. Main St., Pt. Washington, Wis. 107. oeetien Powder Co Inc Hercules Soa 91 
y Bivd., Los Angeles, Slatersville, R.I. 86. Furane Plastics, Inc., Los Angeles, Calif. " Wilmington 99, Del. _ ‘ 
69. Eastman Chemical Products, Inc., Subsid. of Eastman Kodak 87. Garfield Mfg. Co., 10 Midland Ave., Garfield, N.J. 108. seo © Shemibal Ca. Meatetuec, Clee. 
Gateway Center, Co., Kingsport, Tenn. 88. General Mills, Inc., Kankakee, Ill. 109. Homalite Corp., The, Wilmington 4, Del 
70. Eastman Kodak Co., Plastic Sheeting Div., Rochester 4, N.Y, 89. Garlock Packing Co., The, Palmyra, N.Y 110. Hysol Cor Fn N.Y . , ; 
Avenue, St. Paul 2, Minn. 71. Electronic Mechanics, Inc., Clifton, N.J. 90. General Aniline & Film Corp., Commercial Development 14a te pe Se Sra 
rk Ave., New York 17, 72. Emerson and Cuming, Inc., Canton, Mass a & Refining Co. 91 a. ° New York } hag conettotd. Mass. ile. Industrial Seales Engineers, 511 Fifth Ave., Nes 
73. ry Ayrey 9 Co..'e Div. 9. — ° , 92. Geneeal Penstics . 1400 N. Washington, Marion, Ind. 112. Interchemical Corp., 244 McWhorter St., Newark 







































































CHLORO- 
TRIFLUGRO- 
ETHYLENE 


Excellent 
445-500 
500- 15000 
440-550 

20000- 40000 


0,005-0.01 


100- 20 


23 
3200-800 06 









POLY. 















POLYTETRA- 
FLUORO- 
ETHYLENE 
MOLDING 

COMPOUND 













2.1 2.13-2.22 
13.2 13.2-12.6 
1.43 1.35 
570 2000-4500 
200-40 


76 


? 
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¥ 

























































































ra 
co mpoun 


cause sli jzht 


Excellent 


Tr mnsporent 


to 


66,71,78,79,81, 
89,132,176,203, 
208,209,215,22 


None 


None 








ge 





ated 





a8 


swelling 
















translucent 









36,38 
66,71 








177 


167,1 


56 58a 
78,89 


4a 


a, 166 


7 900 
6.209 
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95 
96 
97 
98 
99 


100 


112 


General Tire & Rubbe 


e . 
Ave Akron 9, Ohi 
Gering Plastics, Div { Studebaker 
No. 7th St. & Monroe Ave... Ke » 
Gilmen Brothers The man 
Gieskyd inc Ecke! Road, Perrysburg 
Glastic ¢ The 4321 Glenridge Rd 
Glidden « 900 Union ¢ nerce Bid 
Goodrich hemice BF 


levelend 15 yhi 
Goodrich-Gulf ¢ 


Ohi 


Goodyeer Tire & Rubt 


Eest Market St Aker 
Gordon Chemicals 
De 
Grece, W.R. & F 
Great Americar ‘le 
H&R Plastics ! 
Heveg Industries 
Here 
Wilmington 99, De 
Heresite & ¢ 
Homelite rp The 
Hysol Corg 


sles Powder 
he 


Olean 
Imperial Chemice 
Industrial Sales Eng 
Interchemical ( a 


hemicels, In 


er 


dus es 


. 
44 McW 


135 Bu 


46,56 


\ 






FLUORO- 
CARBON 





2.142. 17 
12.8-13 
133 







impact strength, ft. -Ib. per in. of notch 
(¥2 x % in. notched bar, Izod test) 





Mold shrinkage, in. per in. 








Burning rate 


Effect of sunlight 


Effect of weak acids 


Effect of strong acids 


Effect of weak alkalies 


Effect of strong alkalies 


Effect of organic solvents 


Machining qualities 





Manufacturers (see list at bottom of chart 
for key to numbers) 


*veland 
44 
s.™M 
Ma 
gia 
«1 


Trade designations (numbers in 
parentheses refer to list of 
manufacturers) 


e, 


113 


i114 
115 


116. 


117 
118 
119 


120. 
121. 
122. 


Clarity 


Polystyrene 





S.T.M. 
TEST 








Free-Flowing 
General-Purpose 
Heat-Resistant 











Excellent 
265-400 
1000-10000 
325-600 
10000-30000 
1.6-2.3 
Compression 
0.001-0.006 
Injection 
0.002-0.006 
1.04-1.065 
26.4-26.0 
1.59-1.60 
5000-9000 
1.0-2.5 
4-5 
11500-16000 
8700-14000 
0.25-0.40 
(%" Bar) 













































M65-M80 
2.4-3.3 
0.32 
6-8 
150-170 
150-195 
> 10'S 
500-700 
400-600 
2.45-2.65 
2.4-2.65 
2.4-2.65 
0001-0.0003 
.0001-0.0003 
.0001-0.0004 
60-80 
0.03-0.05 
Slow 


coo 











Slightly 
Yellow 






—yellow 
None 








Attacked by 
oxidizing acids 








None 





D543 None 
Soluble in 
aromatic and 
chlorinated 
hydrocarbons 






D543 





Fair to good 








Transparent 
(88-92% light 


transmission) 




















1/8-in. thi volts per mi 4. 


International Textile Co., 2600 N. Puleski Rd., Chicago 39, 
tl. 


kness, step-by-step, 


. Interplastics Corp., 76-11 37th Ave., Jackson Heights 72, N.Y. 
I 


Isochem Resins Co., 211 Oak St., Providence 9, 
ones-Dabney Co., Resins and Chemicals Div., Div. of 
—= & Reynolds Co., Inc., Louisville 8, Ky. 
Keyes Fibre Co., Upper College Ave., Waterville, Maine 
. Knoedler Chemical Co., Lancaster, Pa. 
. Koppers Co., Inc., Koppers Bidg., Pittsburgh 19, Pe. 
Lamex Chemicel Corp., Sundial Ave., Manchester, N.H. 
Lawrence Adhesive & Chemical Co.,Inc., Lawrence, Mass. 
Lebec Chemical Corp., Peramount, Calif. 


122. Liquid Nitrogen Processing Corp., Malvern, Pa. 


123 
124 
125 
126 


127 


. Lus-Trus Corp., 884 Railroad St., Ypsilanti, Mich. 

. Luzerne Rubber Co., Trenton, N.J. 

. Marblette Corp., 37-21 30th St., Long Island City 1, N.Y 

. Marbon Chemical, Div. of Borg-Warner Corp., 7165 Chicago 
Ave., Gary, Ind. 

. Mezzucchelli Celluloide 8.P.A., Castiglione Olona, Italy 


28. Melamine Plastics, Inc., Winona, Minn. 
129. Mesa Plastics Co., 12270 Nebraska Ave., Los Angeles 25, 


130. Metachem Resins Corp., Mereco Products Div., 530 Welling- 


131 


Calif. 


ton Ave., Cranston 10, R.I 
. Midwest Plastic Products 
Chicago Heights, Ill. 


Co., 1801 Chicago Rd., 
































V/8-in. 


Compounds and Sheet 









Special Styrene 
Molding Compounds and Sheet 


Unfilled 










Medium 
Heat-Resistant 
Extra-High 


Excellent 


0.002-0.006 


0.98-1.10 
28.1-25.2 


2000-6800 
5-80 
2-4.5 
4000-9000 
5000-10000 
0.5-11.0 
0.5-8.0(23°C.) 
0.4-2.5(-25°C.) 
M35-70; R50-100 
1.0-3.0 
0.32-0.35 
3.4-21 
140-175 
148-200 
> 10% 
300-600 
300-600 
2.45-4.75 
2.4-4.5 
2.4-3.8 
0.0004-0.002 
0.0004-0.002 
0.0004-0.002 
20-100 
0.1-0.3 
Slow 


Some strength 
loss 


None 


Attacked by 
oxidizing acids 


None 





None 


Soluble in 
aromatic and 
chlorinated 
hydrocarbons 





Good 






Translucent 
to opaque 


thicknes 
133. 
134. 


135. 


132. Minnesote Mining & Mfg. Co., Chemical Div., 900 Bush Ave., 


St. Peul 6, Minn. 
























s, volts per mil 


Special 
Heat and 
Chemical 
Resistant 
Type 


Good 
300-400 
1000-5000 
350-700 
10000-33000 
1.6-2.4 
0.001-0.008 














1.05-1.11 
26.2-24.8 
1.57-1.60 
6500-12000 
1.4-2.5 
4-6 
11500-16000 
10000-17000 
0.35-0.60 
(“%" Bar) 





















M65-M90 
1.9-3.0 
0.32-0.35 
6-8 
170-200 
180-235 
10'3.10 17 
400-600 
300-500 
2.45-3.4 
2.4-3.2 
2.4-3.1 
0.0005-0.003 
0.0005-0.003 
0.0005-0.005 
60-135 
0.05-0.40 
Slow 


Yellows 
slightly 


None 


Attacked by 


None 
None 
Soluble in 
aromatic and 
chlorinated 


hydrocarbons 


Fair to good 























oxidizing acids 

















Glass Filled 


20/35% 
Glass Fiber 
Filled, 
General Purpose 


















Excellent 
275-350 
2000-5000 

275-575 
10000-20000 
2.0 
0.001-0.003 







1,20-1.33 
20.9-22.2 
11000-15000 
0.75-1.3 
11.0-12.1 
14000-17000 
15000-19000 
1.9-4.5 
(--40°F .) 





M90-95 
0.23-0.27 
3.0-4.5 
180-200 

18 (264 p.s.i.) 
3.2-3.7 
























350-425 
350-430 
3.0-3.5 
2.9-3.5 
2.7-3.4 
0.004-0.014 
0.001-0.004 
0.001-0.003 
25-40 
0.05-0.07 
Fast to S.E. 


Yellows 
slightly 


None 


Attacked by 
oxidizing acids 


Resistant 





Surface only 







Soluble in 
aromatic and 
chlorinated 
hydrocarbons 





Good 

















































































Styrene- 
Acrylonitrile 
Copolymer 


























































1.075-1.10 
25.8-25.2 
1.57 
9500- 12000 
1.5-3.5 
4-5.6 
14000- 17000 
14000- 19000 
0. 35-0. 50 
























M80-M90 
2.9 
0.32-0.34 
6.8 
140-205 
195-200 
10% 
400-500 
300-600 
2.75-3.4 
2.5 
2.75-3.1 
0.007-0.010 
0.007-0.0 10 
0.007-0.0 10 
100-150 
0.20-0.30 
Slow 
























Yellows 
slightly 














None 








Attacked by 
oxidizing 

acids 

None 














None 








Soluble in 
etones, esters 
& some chlori- 

nated hydro- 
















carbons 
Good 








Transparent 


(88-90% light 


| 


transmission) 


Ancorene (18), Bakelite (208), Bextrene (28), Cadco (36), Campco 
(37), Carinex (203,194), Catalin (42), Cerex (136), Chinatex (24), 
Darex (62), Distrene (35), Dylene (119), Elrex (177), Epco (75), 
Erinoid (203, 75a), Fiberfil (79), Fostarene & Fosta Tuf-flex (84), 
Genco (92), Gering PSX and PS (94), Gilco (95), Good-rite (87, 99), 
Helix (31), Hypac (171), Interplastics (114), Isochemrez PS (115), 
Joda (59), Lustrex (136), Marbon 8000 (126), Midwest-Midlon (131), 
Nixon P/S (144), PMI (68,155), Pliolite (101), Polene (160), Poly- 
penco Q200.5 (166, 167), Polystyrol (29, 170), Reed (172), Resiston 
(7), Riji-Tuf (10), Sandee (184), Seilon S-3 (189), Shell polystyrene 
(193), Sicostirol (127), Soplasco (199), Stokoflex (202), Stokolite 
(202), Stycast (72), Styco (144), Styron (64), Vestyron (47) 









Translucent 
to opaque 










Transparent 


(80-88% light) 









7,18,24,28,29,31 ,32,35,36,37,41 ,42,47,48,55,59,62,64,68, 72,75, 75a, 
79,84,87,89,92,94,95,99,101,102,105,1110,114,115,119,120,124,126, 
127,129,131 ,136,138,144,154,155,156,160,166,167,170,171,172,177, 
184,188,189,193,194,1970,199,202,203,208,209,220 




















Bakelite (208), 
Cadco (36), 
Carinex (203), 
Catalin (42), 
Fostacryl (84), 
Gering (94), 
Isochemrez PS 
(115), Lustrex 
(136), Lustran A 
(136), Polystyrol 
(29, 170), Reed 
(172), Sicostirol 
(127), T yril(64), 
Vestyron B (47) 























29 ,36,42,47,64, 
84,94,105,115, 
127,136,170, 
171,172,197a, 
203,208,220, 
2200 






Mobay Chemical Co., Penn-Lincoln Parkway West, 


Pittsburgh 5, Pa. 


Mol-Rez Div., Subs. American Petrochemical Corp., 
3134 California St. N.E., Minneapolis 18, Minn. 


203 Elm St., Neugatuck, Conn. 


. Monsanto Chemical Co., Plastics Div., Springfield 2, Mess. 
. Morrell Corp., George, Muskegon Heights, Mich. 
. Muehistein, H., & Co., 60 E. 42nd St., New York 17, N.Y. 
. Mycalex Corp. of America, 125 Clifton Blvd., Clifton, N.J. 
. Narmco Resins and Coatings Co., 600 Victoria St., 

Coste Mesa, Calif. 
. National Polychemicals, Inc., Wilmington, Mass. 
. Natvar Corp., P.O. Box 67, Rahway, N.J 
. Neugetuck Chemical, Div. United States 


Rubber Co., 


. Nizon-Baldwin Chemicals, Inc., Nixon, N.J. 


Nureco Inc., 1100 Pontiac Ave., Cranston 10, R.I. 


.Nypel Corp., W. Conshohocken, Pa. 
. O'Sullivan Rubber Corp., P.O. Box 603, Winchester, Va. 
. Pelmor Laboratories, Inc., 401 Layfayette St., Newtown, Pe. 
. Pennsalt Chemicals Corp., Box 4388, Philadelphia 18, Pa. 
. Permace!l, U.S. Route 1, New Brunswick, N.J. 
. Phillips Chemical Co., Bartlesville, Okla. 


Pioneer Scientific Co., Subs. Bausch & Lomb., Inc., 
645 St. Paul St., Box 476, Rochester 2, New York 


Pittsburgh Piate Glass Co., Paint Div., 1 Gateway Center, 
Pittsburgh 22, Pa. 





Impact Type 





Acrylonitrite- 
Butadiene- 
Styrene 
Terpolymers 
and 
Blends 





Good-E xcellent 
300-400 
1000-8000 
350-600 
6000-30000 
1,1-2.0 
0.003-0.008 


0.99-1.10 
28-25.2 
2500-9000 
10-140 
1.0-4.1 
2500- 1 1000 
3600- 13500 


0.7-12 


R-30-R-118 
4.6-8.6 
0.33-0. 40 

6-13 
140-250 
165-225 

0.5x 108-1.0x 10" 
310-410 
310-410 
2.7-4.75 
2.7-4.75 
2.7-4.75 
0.004-0.034 
0.002-0.012 
0.007-0.026 
71-87 
0.1-0.3 
Slow 


None Yellows 
slightly 


None 


Attacked by 
oxidizing 
acids 
None 


None 


Soluble in ketones 
esters, & some 
chlorinated 
hydrocarbons 


Good to excellen 


Translucent 
to opaque 


Abson (99), Cade 
(36), Crowlite (57 
Cycolac (126), 
Erinoid (203, 75a) 
Genco (92), Iso- 
chemrez PS (115) 
Kralastic (143), 
Lustrex (136), 
Lustran | (136), 
Midwest-Midlon C 
(131), Reed (172) 
Royalite (213), 
Seilon S-3 (189), 
Sicoflex (127), 
Uscalite (214) 





24,36,57,92,99, 
105,115,126.127, 
131, 136,143,144, 
146, 171,172,189, 
197a,203,213,214 
20 


5. short-time, 0.008-in. thickness, volts per mil 
Mitchell Rand Mfg. Corp., 51 Murray St., New York 7, N.Y. 


153. P 


DE ke -bede- eB ie hie ie ie ie i ee ee 


ial . 
a — of materials are often available that excel in one porticular prop 
always consulted betore making a choice of material. In order to facilitote com 


of these materials, 
listed in the chort. 
suppliers for type of § 








the names and addresses of manufacturers of each of these 
Complete street addresses will be found in the Directory 






























































iller desired. 
VINYL POLYMERS AND COPOLYMERS 
belle Vinyl Chloride and Vinyl ax. 
vitrile- ; Vinyl! Butyral Chioride-Acetate Molding Vinylidene Vinyl URETHANE 
jiene- ba Pay Molding Compounds aaa Chloride Formal Polyvinyl VaTTUBENE ELASTOMERS 
a Molding Molding crt ae Molding | Molding Dichloride FLUORIDE 
d Compound Compound Rigid Flexible Rigid Flexible Flexible Compounds | Compound 
ads Unfilled Unfilled Filled 
iene 
-ellent Poor Cood Good Good Fair to Geod Good Good Excellent Good Good Excellent Good Excellen 
00 “ 250-300 280-320 280-320 285-400 285-350 285-350 220-350 300-350 - 400-550 350-360 250-350 
000 ~ 500-1500 1000-2000 100-3000 1500-2000 500-2000 500-2000 250-5000 1000-10000 a 500-15,000 500-1500 100-5 
00 “ ee - 250-340 300-400 320-385 320-385 300-400 300-400 ~ 450-550 350-375 300-4 
0000 ~ - - 15000-30000 15000-40000 8000-25000 8000-25000 0000-30000 10000-30000 = 15000-20000 20,000 5000-20: 
.0 ~ - = 2.0-2.3 2.0-2.3 2.0-2.3 2 - ~ 1.8 pits. 3.6 pdr. - 2-4 
).008 - - - = 0.001-0.004 0.010-0.050 0.010-0.035 0.005-0.025 0.0015-0.003 - 0.030 0.009 Comp. 
(Varies with 0.009 
plasticizer) Inj. 
0. 
|. 10 1. 18-1.20 1.24-1.31 1.07-1.20 1.05 1,35-1.45 1.16-1.35 1,3-1.7 1,.65-1.72 1,2-1.4 1.5 1.76-1,77 1.20 1.24-1, 
5.2 23.4-23.0 22.9-21.1 25.8-23.0 26.2 20.5-19.1 23.8-20.5 21.3-16.3 16.8-16.1 23.0-19.8 - 15.6-15,.7 - 22.0-2 
1.45-1.47 1.49-1.53 1,48-1.49 1.47-1.49 1.52-1.55 - - 1.60-1.63 1.50 - 1.42 5 a 
000 Up to 5000 1000-5000 4000-8500 500-3000 5000-9000 1500-3500 1000-3500 3000-5000 10000-12000 7500-9000 7000 5800 5000-8 
140 ‘ 300-600 5-60 150-450 2.0-40 200-450 200-400 Up to 250 5-20 4.5 100-300 580 100-6 
1.1 ” ; 3.54.0 = 3.5-6 és - 0.5-0.8 3.5-6.0 400000-450000 1.2 0.1 
11000 - -- = - 8000- 13000 900-1700 1000-1800 2000-2700 - > 10000 - 2000! 
13500 a 10000 Varies depend 10000- 16000 = - 4200-6200 17000-18000 14500-17000 = a 700-1 
12 a - 0.74-0.82 ing on type 0.4-20 Varies depending on type and 0.3-1.0 0.8-1.4 0.8-5.0 3.5 = Does 
and amount of amount of plasticizer brea 
plasticizer 
“118 = 10- 100 (Shore) - 10-100 (Shore) | 70-90 (Shore) - - M50-M65 MBS 17 D80 (Shore) 70-96 (Shore A) | M28-R 
3.6 - - = ~ 3.0-7.0 3.0-4.0 3.0-4.0 3.0 3.7 a 3 - 5 
0.40 0.39 - ~ - 0.2-0.28 0.3-0.5 0.3-0.5 0.32 - 33x 10% 0.33 - 0.42- 
13 23-30 7.12 8-22 - 5-18.5 7-25 - 9 6.4 7x10% 12 = 10- 
250 a ~ 115 - 120-160 150-175 150-175 160-200 120-150 210 300 180 19 
225 100 115-140 - 130-165 - 130-150 150-170 215-220 PS BBS ~ - 
1.0x 10'7 = , >10*4 5 x 10° >10"* 10"'-10" 10''-10"4 10'*-10"* - 7-18x 10'S 2x10" - 2x1 
410 je Under 400 350 425-1300 300-1000 250-800 400- 600 490 1220 260 700 450- 
410 - omen 400 325 375-750 275-900 225-750 400-600 455 " : 450- 
4.75 2.7-6.1 conditiens 3.61 5.60 3.2-3.6 5.0-9.0 5.0-6.0 4.5-6.0 3.7 3.08 8.4 2 6.7 
4.75 _ enough water 3.58 5.10 3.0-3.3 4,0-8.0 4.0-5.0 3.5-5.0 3.6 - 8.0 - 6.7 
4.75 - ott be heeded 3.33 3.92 2.8-3.1 3.3-4.5 3.5-4.5 3.0-4.0 3,0 m 6.6 . 6.5 
0.034 0,025-0.070 to make these 0.007 0.115 0.007-0.02 0.08-0.15 0.10-0.15 0.03-0.45 0.013 0.01887-0.02680 0.049 ~ 0.015- 
0.012 - measurements - 0.0075 0.057 0,009-0.017 0.07-0.16 0.09-0.16 0.06-0.075 0.019 - 0.018 37.5 0.050- 
0.026 - useless 0.05-0.008 0.061 0.006-0.019 0.04-0.14 0.09-0.10 0.05-0.08 0.023 - 0.17 - - 
87 in ~ - 60-80 < a “ = - 50-70 “ - 
0.3 3 30 up 1.0-3.0 1.0-2.0 0.07-0.4 0.15-0.75 0.50-1.0 0.1 0.5-3.0 0.15 0.04 - - 
ow Slow Slow Slow Slow Self- Slow to self- Slow to self- Self- low Self- Self- Slow Slo 
extinguishing extinguishing extinguishing pxtinguishing extinguishing extinguishing 
Yellows None None Slight Slight Slight Slight Slight ~ Slight bleach- Slightly 
tly ing on long Yellow 
exposure 
ne Nome Softens or Slight Slight None None None None Attacked None None None Diss 
dissolves . 
«ed by Attacked Attacked Slight Slight None None None Resistant Attacked None Attacked by Slight Diss 
izing to slight to slight fuming 
‘ids sulfuric 
one None Softens or Slight Slight None None None Resistant Resistant None None None Diss 
dissolves 
one Attacked Softens or Slight Slight None None None Resistant Resistant None None Slight Diss 
dissolves 
1 ketones, Soluble Extremely Resists aliphatic hydrocarbons Resists alcohols, aliphatic hydrocarbons and None to Attacked Resists Most Resists most Resists most 
& some in many resistant or and most oils. Swells in ketones, oils. Soluble in ketones and esters; swells in Slight by some solvents solvents 
nated unaffected esters, and aromatic hydro- aromatic hydrocarbons 
‘arbons carbons, dissolves in alcohols 
excellent ~ Poor to good Good - Excellent ~ ~ Good Good to poor Excellent Excellent - Fa 
exc 
slucent Transparent Transparent Transparent Transparent Transparent Transparent Translucent Transparent Transparent Translucent Transparent Translucent Opa 
paque to opaque to opaque to opaque to opaque to opaque to opaque to opaque to opaque to Opaque to translucent to Opoque | trans 
19), Cadco Gelva (192), Elvanol Butacite (66), Butvar (192), Ace-Flex (10), Ace Riviclor (10), Bakelite (208), Ben- | Saron F ormvar (192) pri p Geon Kynar (148) Estane (99) Texi 
owlite (57), ff Insular (183), (powder) (66), Mowital (78), Saflex (136) vic (198), Blacar (40), Borden PVC (32), Breon (34), (generic) (64) (99) 
(126), Lemec (32), Gelvatol (192), Cobex (28), Cadco (36), Carina (194), Corvic (111), 
(203, 75a), Vinoc (3) Lemol (32), Darvic (111), Denflex (60), Diamond PVC (63), Escam- 
2), Iso- Moviol (78), bia PVC (76), Exon (81), Fiberfil (79), Flovic (111), 
PS (115) Resistoflex Geon (99), Gering (94), Hostalite (78), Insular (183), 
Phong (176), Vino! (3) interplastics (114), Irvinil (104), Joda (59), Marvinol 
1 (136) (143), Natvar (142), Nison Vine-L (144), Opalon (136), 
-Midlon C Pliovic (101), RC (171), Reed (172), Resinite (33), 
eed (172) Seilon (189), Sicodur (127), Sicovinil (127), Solvic 
(213), (198), Soplasco (199), Stokes (202), Tygon (215), Vel- 
3 (189), bex (28), Velon (81), Vicoa (217a), Vinoflex (29), 
(127), Vinylite (191), Viple (48), Vestolit (47), Vygen (93), 
(214) Welvic (111), Wopain (222) 
— 
192,99, 3,32,75,183, | 3,32,66,75,78, 66,78,136,192 7a,10,12,24,28,29,32,33,34,36,38,40,47,48,59,60,63, 24,64 15,192 99 148 99, 134, also Dureth 
126.127 188,192 176,192 75,76,78,79,81 ,84a,93,94,99,101 ,104,111,114,124,127, 
bkrn 136,142,143,144,146,156,168,170,183,188,189,191,194, 
b ane 91 4 198,199,202,215,217,217a,220a,222 ,223 
3,213,214, 
U 
153. Pittsburgh Plate Glass Co., Chemical Div., 1 Gateway 174, Reichhold Chemicals, Inc., 525 N. Broadway, White Plains, 192. Shawinigan Resins Corp., 350 Fifth Ave.. New York 1. N.Y as 
Center, Pittsburgh 22, Pa. New York 193. Shell Chemical Corp., Plastics an a ; 212. U 
154. Plastic Horizons, Inc., 2 E. Sth St., Paterson 1, N.J. 175. Ren Plastics, Inc., 5422 S. Cedar St., Lansing 9, Mich. Sist St., New York 20, ~ ath c Ltd., St. Helen’s Court St 
155. Plastic Materials & Polymers, Inc., New South Rd., 176. Resistoflex Corp., Woodland Rd., Roseland, N.J. 194. Shell International Ghomtent oes ee. Se , 213 Ul 
Hicksville, L.I., New York 177. Rexall Chemical Co., P.O. Box 37, Paramus, N.J. Great St. Helen’s, London E. a. ¥ ‘s c 
156. Plastic Molding Powders, Inc., 487 Forest St., Kearny, N.J. 178. Rezolin, Inc., 1651 18th St., Sante Monica, Calif. 195. Shoe Form Co., Inc., ———s ctory, Burbenk, Calif. 214. U 
157. Plastics Engineering Co., Sheboygan, Wis. 179. Richardson Co., The, 2747 Lake St., Melrose Park, Ill. 196. Sierracin Corp., The, ~ Co phase Nay Jersey City 4 215. U 
158. Plicose Manufacturing Corp., 71 Box St., Brooklyn 22, N.Y. 180. Rogers Corp., Rogers, Conn. 197. Smooth-On Mfg. Co., 5 ates - " F 216. V 
159. Plumb Chemical Corp., 4837 James St., Philadelphia 37, Pa. 181. Rohm & Haas Co., Washington Sq., Philadelphia, Pa. New Jersey a 217. Vv 
160. Poly Chemical Corp., P.O. Box 75, Erie, Pa. 182. Rostone Corp., Rd. 52 S., Lafayette, Ind. 197@.Solar Chemical Corp., Leomins: aoa Giakiaeiae, 20. 0nd B 
161. Polycast Corp., The, 69 Southfield Ave., Stamford, Conn. 183. Rubber Corp. of America, Chemical Div., New South Rd., 198. Solvay & Cie, Direction des Matieres ques, 29, 2170. V 
162. Poly-Cell Plastics Co., Smithtown, L.I., New York Hicksville, L.I., N.Y. Prince Albert, Brussels, oo. ac 218. W 
163. Poly Resins, Sun Valley, Calif. 184, Sandee Manufacturing Co., 735 S. Karlov Ave., 199. Southern Plastics Co., Colu Bid, "Kansas City, Mo 219, W 
164. Polymer Chemicals Div., W.R. Grace & Co., 225 Allwood Chicago 24, Ill. 200. Spencer Chemical Co., Dwight : aby ae 5 — ’ 220. W 
Rd., Clifton, N.J. 185. Schenectady Varnish Co., Inc., Schenectady 1, New York 201. Steeicote Mfg. Co-, — Sie, af Gasebie Storage Battery 2208. W 
165. eee Seo, She. Molding Resins Div., 125 N. 186. Schramm Fiberglass Products Div., 3010 Montrose Avenu> 202. ee ee 4,N a. 221. ~ 
oul t., Rea g, Pa. Chicago 18, Illinois o., - “ ae We pean W. 1, England 
oe ioe eo of Pennsylvania, The, 2140 Fairmont Ave., 187. ie Wellingborough, — syiven Piastice, a 1617 Seameteanda Bivd., — - 
67. Pol ° ., Reading, Pa. 1 : ° ladeiphie, Pa. 
ic arora Se tee. ers soe ee ts. Sreon gute Lamtmting Cor 3216-218 Pitan Ave, agg, ee Cr imtngon 9, Del ‘e 
Jeffersontown, Ky. 189. Seiberling Rubber Co., Plastics Div., Newcomerstown, Ohio 206. Thiokol en gg eg | 9 Rd Michi an City, Ind mi 
169. Profucts Research, Co., 2919 Empire Avenue, Burbank, Cal. 190. Semet-Solvay Petrochemical Div., Allied Chemical Corp 207. Tylene Plastics, Inc., Frey A. - : —— how sh, S caten Ave 
170. Putnam Chemical Corp., 375 Park Ave., New York 22, N.Y. 40 Rector St., New York 6, N.Y. 7 208. ypion Carbide Plastics Co.. Diy. ot Sm 
171. Raritan Plastics Corp., One Raritan Rd., Oakland, N.J. 191. Shawinigan Chemicals Ltd., Canadian Resins Div., Corp.» 90 pee et Ge N. 10th St., Camden 1, N.J. the 
173, Eepeustes ane, Le — ee ee Py Lae pndesteiol Chemicals Co., Div. Nationa! Distillers and Sup 


Chemical Corp., 99 Park Ave., New York 16, N.Y. 


al grades of materials are often available that excel in one parti 
s be consulted before making a choice of material. In order to fac 
ese materials, the names and addresses of manufacturers of eac 

in the chart. Complete street addresses will be found in the 
iers for type of filler desired. 


Vinyl 
Formal 
Molding 

Compound 


Good 
300-350 
1000-10000 
300-400 
10000-30000 


0.0015-0.003 


1,2-1.4 
23.0-19.8 
1.50 
10000-12000 
5-20 
3.5-6.0 
17000-18000 
0.8-1.4 


M85 
3.7 


6.4 
120-150 
150-170 


490 
455 
3.7 
3.6 
3.0 
0.013 
0.019 
0.023 


0.5-3.0 


Slow 


Slight 


Attacked 


Attacked 


Resistant 
Resistant 


Attacked 
by some 


Good to poor 


Transparent 
to opaque 


F ormvar (192) 


Polyvinyl 
Dichloride 


7500-9000 
4.5 
400000-450000 


14500-17000 
0.8-5.0 


0.01 887-0.02080 


0.15 
Self- 
extinguishing 


None 
None 


Resists Most 


Excellent 


Translucent 
to Opaque 


hi-temp Geon 


POLY- 
VINYLIDENE 
FLUORIDE 


Excellent 
400-550 
500-15,000 
450-550 
15000-20000 
1.8 pits. 3.6 pdr. 
0.030 


1.76-1.77 

15.6-15.7 
1.42 
7000 


D80 (Shore) 
3 
0.33 
12 


300 
PEARS 
2x10" 
260 
8.4 


8.0 
6.6 
0.049 
0.018 
0.17 
50-70 
0.04 
Self- 
extinguishing 
Slight bleach- 
ing on long 
exposure 
None 


Attacked by 
fuming 
sulfuric 

None 


None 


Resists most 
solvents 


Excellent 


Transparent 
to translucent 


Kynar (148) 


Good 
350-360 
500-1500 
350-375 
20,000 


0.009 


Slow 


Slightly 
Yellow 


None 


Slight 


None 
Slight 


Resists me 
solvents 


Transluce 
to Opaqu 


Estane (9 


(99) 


99, 134, al 


ihawinigan Resins Corp., 350 Fifth Ave., New York 1, N.Y 
hell Chemical Corp., Plastics and Resins Div., 110 W. 
lst St., New York 20, N.Y. 

he! International Chemical Co., Ltd., St. Helen’s Court, 
reat St. Helen’s, London E.C. 3, England 

hoe Form Co., Inc., Auburn, N.Y. 

ierracin Corp., The, 903 N. Victory, Burbenk, Calif. 
mooth-On Mfg. Co., 572 Communipaw Ave., Jersey City 4, 
ew Jersey 

olar Chemical Corp., Leominster, Mass. 

olvay & Cie, Direction des Matieres Plastiques, 33, rue 
Prince Albert, Brussels, Belgium 

outhern Plastics Co., Columbia 1, S.C. 

pencer Chemical Co., Dwight Bidg., Kansas City, Mo. 
teelcote Mfg. Co., 3418 Gratiot, St. Louis 3, Mo. 

tokes Molded Products, Div. of Electric Storage Battery 
o., Taylor St., Trenton 4, N.J. 

tyrene Products Ltd., London W. 1, England 

*ylvan Plastics, Inc., 1617 Pennsylvania Bivd., 
*hiladelphia, . 

ynvar Corp., Wilmington 99, Del. 

“*hiokol Chemical Corp., Trenton 7, N.J. 

*ylene Plastics, Inc., Freyer Rd., Michigan City, Ind. 
inion Carbide Plastics Co., Div. of Union Carbide & Carbon 
‘orp., 270 Park Ave., New York 17, N.Y. 

inited States Gasket Co., 602 N. 10th St., Camden 1, N.J. 
J.S. Industriel Chemicals Co., Div. National Distillers and 
themical Corp., 99 Park Ave., New York 16, N.Y. 








one particular property. The manufacturers should 
er to facilitate communications with the producers 
s of each of these chemical types of plastics are 
d in the Directory Section. Check with materials 


COLD MOLDED AND INORGANIC 
COMPOUNDS 


Cold Molded 


Non- 
Refractory 
(Organic) 


URETHANE ' ie Molded 
norganic Molde 
ELASTOMERS ‘Plattion 


Glass-Bonded Mica 


Refractory 
(Inorganic) 


Excellent 
250-350 
100-5000 


1.24-1.26 
22.0-22.3 


5000-8000 


700-1000 
Does not 


break 


M28-R60 
5 
0.42-0.44 
10-20 
190 


2x10"! 
450-500 
450-500 
6.7-7.5 
6.7-7.5 
6.5-7.1 
0.015-0.017 
0.050-0.060 


Slow 


Slightly 
Yellow 


None Dissolves 


Slight Dissolves 


None Dissolves 


Slight Dissolves 


sists most 
solvents 


Fair to Good FFair to Good [Fair to Good 


1250 
2000-4000 


1000-10000 


2000-4000 


2.5 2.0-3.0 3-4 
0.010-0.017 | 0 300-0.010 0.000 


1.87-2.15 
14,8-12.9 


1400-3000 


1.60-2.2 
17.3-12.7 


2200 


3.0-3.2 
8.6-9.1 


5000-6000 
a _ 110-125 
6000-15000 18000 35000-42000 
3700-10000 | 2000-7500 | 10000-15000 
0.4 0.4 1.2-2.4 


Good 


1200 
10000-20000 


0.000 
>800 


2.6-3.8 
10.5-7.4 


4000-6000 


70-85 
25000-40000 
13000 
1.2-2.0 


Yrin. dia. rod, 6 in. long, 
ft. lb. /sq. in., Charpy test 


M80-M90 M75-M95 M110-M120 
n od 9.5-12 
in és 0.16 
1-1.2 
700-1550 
850-1360 
10'4.10'7 


500 900-1300 
>800 >400 
3x10" - 
85-115 45 
50-75 50-80 
17-28 es 
12-18 - 
6.0 n 
0.20 ne 


250-500 

6.8-7.6 

6.8-7.4 

6.8-7.3 
0.0035-0.007 
* " 0.0020-0.004 
0.07 2 0.0015-0.0018 

75-200 100-500 300 
0.55-2.0 0.5-15 Nil 

Nil Nil Nil 


Nil Nil 


Slight Slight Slight 


Decomposes | Decomposes | Decomposes 


None Slight 


Decomposes 


Decomposes 


Attacked 
by some 


None 


M115-M125 
10-15 
0.14 

1-1.14 
575-930 
690-870 

10'4.] 0'7 


350-400 
6.7-9.4 
6.6-9.3 
6.5-9.3 
0.007-0.0050 
-0020-0.0040 
-001 5-0.0030 
250 
Nil 
Nil 


Nil 


Slight 


Decomposes 


Slight 


Decomposes 


None 


Fair to 
excellent 


Poor to fair Poor Good Good 


ranslucent 
o Opaque 


Opaque to 
transparent 


Opaque Opaque Opaque Opaque 


stane (99) Texin (134) Ace-Hide 
(10), Aico 
(11), Garit 
(87), Gum- 
mon (87), 
Riji-Tuf(10), 
Rosite (182), 


Tegit (87) 


Aico (11), 
Hemit (87), 
Rosite (182) 


Havelex (106), Mycalex(139), 


Mykroy (71), Supramica (139) 


, 134, also Durethan (77) 10,11,87, 


182 


11, 87, 182, 71, 106, 139 


211. U.S. Plastic Products Corp., Lake & Whitman Aves., 
Metuchen, N.J. 
U.S. Polymeric Chemicals, Carrol and Ludlow Sts., 
Stamford, Conn. 
213 U.S. Rubber Co., 
Chicago, Ill. 
214. U.S. Rubber Co., Passaic Plant, 1 Market St., Passaic, N.J. 
215. United States Stoneware Co., Tallmadge Ave., Akron 9, Ohio 
216. Valite Corp., New Orleans 17, La. 
217. Vinyl Compositions, Ltd., Albert Rd., Lowerhouse, 
Bollington, Nr. Macclesfield, Cheshire, England 
217a. Vinyl! Corp. of America, Dayton, Ohio 
218. Watertown Mfg. Co., Watertown, Conn. 
219. Westinghouse Electric Corp., Benolite Plant, Manor, Pa. 
220. Westlake Plastics Co., Lenni Mills, Pa. 
220a.Woloch, George, Co., Inc., 514 W. 24 St., New York 11, N.Y 
221. Woodall Industries, Inc., 7565 E. McNichols Rd., 
Detroit 34, Mich. 
222. Worbla Ltd., Papiermuehle-Berne, Switzerland 
223. Yates Co., 2211 Cemetary Rd., Erie, Pa. 


212 


Chicago Plant, 2838 N. Pulaski St., 


*Copyrighted 1961 by Plastics Catalogue Corp., 770 Lexington 
Avenue, New York 21, New York. All rights reserved, including 
the right to reproduce the chart or portions thereof in any form. 
Supplement to Modern Plastics Encyclopedia issue, Sept. 1961. 





This chart covers molding and extrusion compounds, cast resins, and sheet, rod, and tube stock. The values 
for the properties in the chart are based upon maximum and minimum figures submitted by a number of manu- 
facturers of each type of plastic material. Differences in their procedures and sizes of test specimens moy 


lead to erroneous conclusions in some cases if direct comparisons are attempted. 









































































































































FURAN 
OIALLYL PHTHALATE Pobre 
CASEIN MOLDING COMPOUNDS COMPOUNDS 
MOLDING Macerated 
COMPOUND Alpha Macerated Fabric 
AND No Cellulose Cellulose Flock Asbestos Fabric Filler 
SHEET Glass Mineral Synthetic Filler Filler Filler Filler Filler Filler (Phenolic | ( 
Filled Filled Fiber Filled Modified) 
Poor Excellent Excellent Good Good Good Excellent Good Good Good Good Good 
200-225 270-32( 270-32¢ 270-320 275-300 300-330 280-370 290-360 275-330 280-340 275-330 300-350 
2000-250 500-2000 500-3000 500-3000 100-500 2000-5000 1500-8000 1500-6000 4000-8000 1000-7000 4000-8000 4000-8000 
1.9-4.8 1.2-2.3 1.2-5.2 - 2.0 2.1-3.1 2.2-2.5 4-7 2.1-2.5 5-10 5-10 
- 0-0.005 0.005-0.007 0.008-0.010 ~- 0.011-0.012 0.005-0.015 0.006-0.008 | 0.006-0.007 | 0.005-0.007 | 0.003-0.004 0.003-0.006 | C 
1.35 1,55 1,68 1.65-1.88 1,31-1.45 1.75 1.48 1,47-1.52 1.45 1,50-1.55 1,70-2.0 1.5_ 1.5 
20.5 _17,8-17,3 17,1-16.5 | 21-20 9 15.8 68 18,7 18,8-18.2 19. | 18,5-17,8 | 18.5 Se ae ae 
- Not Applicable | Not Applicable | Not Applicable | - - eee SS et oe pa ie: ; Score Was Sos Re 
10000 6500-7000 4000-5500 4500-6000 3000-4500 - 7000-13000 5000-9000 7000-9000 5500-7000 9500-10500 6000-10500 
2.5 _ - - - - 0.6-0.9 0.6 ~- 0.30-0.45 0.6-0.8 0.6 
5.1-5.7 15-2 12 6.0 15.8 - 12-14 1] - 16 16 16 
27000-53006 25000-29001 21000-25000 20000-30000 10000-13000 40000-45000 | 25000-43000 33500 30000-35000 30000 30000-35000 25000-30000 | 2 
10000- 18000 9500- 1800 8000-9000 8500-11500 6000-9000 11000-14000 10000-16000 9000-11500 13000 9000-11000 12000-15000 14000-17000 L 
1.f 0.5-15.( 0.3-0.45 0.55-8.0 - ~ 0,24-0.35 0.27-0,36 0,4-0.45 0.28-0.4 0.6-1.0 L1-L4 
M70-M 106 M108-11( M100-103 M108-115 R110 - M110-M125 M115-M125 J ~ » 2 _ ae q M120 M115_ ' 
- 5-7 Be ae ee * 10 6.5-8,5 | ‘ 13-17 10.6 Tae ES 
- ‘ - [ were ot ath 3 = at — - — — os - 
. . 
4.16.8 2. 3.4 £25. iu a 78 Ee Rs, Ee - 4.0 3 = 2.0-4,5 2.8 2.8 
275 400-450 400-450 + 300-400. 9 265-330 — 210 210 | 4 ee 250-400 , Se Ree Ee 
300 325-500 300-420 240-200 f - 298 400 wat a ee ee eo 
: 1x 10°-3% 10") 4.7x10"-1x10"] 5x10?-1x10% - - 10'?-10'4 - - 2.4 x 10"' 10°-10'° = 
400-701 350-400 375.450 350-400 uF - 300-400 350-400 300-330 350-400 250-350 130-370 
- 300-4 5¢ 275-440 275-364 - a 250-300 250-350 Pa 320 200-300 o 
v 4.3 5.2 3-8 - Ma 7.9-9.5 6.2-7.6 es 6,4-10.2 7.6°8.6 10,5-15.5 
4,1-4,° 4.8-6.2 3 3.4.0 2 J 7,8-9,2 6.0-7.5 - 9.0 7.1-7.8 7.9-9.7 
1-6. 3.8.4 4.2-¢ 33-4.) 7 ” 7.2-8.4 4.7-7.0 - 6.1-6.7 6.5-6.9 6.1-6.7 
}) 06 0,026 - - 0.030-0.080 0.019-0,033 - 0.07-0.17 0,07-0.11 0.10-0.16 
04 ( 0.04-0.08 0.008-0.025 me a 0,015-0,036 0.013-0,.034 a 0.07 0.03-0.05 0.10-0.16 
052 0.009-0.01 0.012-0.0¢ 0,015-0.020 : _ 0.027-0.045 | 0.032-0,060 . 0.04 1-0.050 0.036 0.050-0.065 
. 105-12 130-140 85-125 - 100-145 110-180 95-135 110-150 120-140 115-125 100-200 
1-14 0,12-0,35 0.2-0.5 { 02 9 0,010.2 0,3-0,5 0.1-0.6 0.34-0,80 | | 0.08-0.14_ 0,3-0.6 0,2-1.3 
Very low Selt- Self- Burns Slow Self- None None None None None Very low 
extinguishing extinguishing extinguishing} 
Colwrs may None None “Wes OR te Slight color Slight color Slight Color 
fade a __ change change discoloration darkens 
Resistant None None None None None None None None None None None 
to slight to slight to slight to slight 
Decomposes Slight Slight Slight Attacked by = Decomposes | Decomposes | Decomposes | Decomposes | Decomposes | Decomposes | [{ 
oxidizing acids 
Se ees | PSS Le Shee ‘0S SRE SS) EE Sy * 2 ae 
Very sligh | 
Decomposes None None None None None None None None ery sligh None None 
eats 7 oo See es ee a Beh ERIS Vase BP 
Decomposes Slight Slight Slight Nene to o Attacked Decomposes Decomposes Slight Attacked Attacked 
slight | wists ‘ cv | ott ER Fe Be EC 
Resistont None None None Resistant None None None None on bleeds None None en bleed4 None on bleed4 
- + fas ee | te | proof colors | proof colors | _ 
Good Good Good Excellent § Fairto good f —- __Foir_ ____ Good Good Fair i, OR es eee 
Transparent Opaque Opaque Opaque Opaque Opalescent Translucent Opaque Opaque Opaque Opaque Opaque 
to opaque 
Lenmenk dh (06 Acme (1), Dap 83), Diall (129), Durez (67), Alcylite (4), Alcylite (4), Avisco (17), B.1.P. (27), Cymel (9), Fiberite (80), Melamine 2840 (80), Melantine (49), Permelite (12! 
Erinoid (75a Poly-preg (212), Rogers (18 Duralon (215), Plaskon (6) 
Galom (137 Haveg (106), 
Lactoid (28 Jet-Kote (86) 
15,28,75a, 137 1,67,83,129,180,212 4,45,86,106, 4,9 6,9,17,27,49,80, 128,168 
215 
1. Acme Resin Corp., 1401 Circle Ave., Forest Park, Ill. 20. Aries Laboratories, Inc., 225 Greenwich Ave., Stamford, Conn. 42. Catalin Corp. of Amer 
2. Acryvin Corp f America, 470 E. 99th St., Brooklyn 36, N.Y. 21. Armstrong Products Co., Argonne Rd., Warsaw, Ind. 43. Celanese Plastics Co 
3. Air Reduction Chemical & Carbide Co., Div. Air Reduction 22. Asfalti Bitumi Cementi E Derivati, Via Lombardia 31, Rome, 744 Broad St., Newark 
< Inc., 150 E. 42 St., New York 17, N.Y. Italy 44. Celanese Polymer Co. 
4. Alcylite Plastics and Chemical Corp., 23874 Pine St., 23. Atlas Powder ( Wilmington 99, Del. 744 Broad St., Newark 
Newhall, Calif 24. Auburn Plastics, Inc., 48 Canoga St., Auburn, N.Y. 45. Chemical Coatings an 
5. Algemene Kunstzude Unie N.V., Arnhem, Holland 25. AviSun Corp., 1345 Chestnut St., Philadelphia 7, Pa. P.O. Box 305, Media, 
6. Allied Chemical Corp., Plastics and Coal Chemicals Div., 26. BCI Industries, Chemicals Div., 1407 Broadway, New York 46. Chemical Developmen 
LIST OF 40 Rector St., New York 6, New York 18, N.Y. 47. Chemische Werke Hul 
Allied Resinous Products, Inc., 525 W. Adams St., Conneaut, 27. B.I.P. Chemica Ltd., Oldbury, Birmingham, England a a Germany 
hi 28. BX Plastics Lt i [4, London, England ° emore C +» 2B 
MANUFACTURERS aioe » Chemical and Plastics Corp., 11 Jabez St., Newark 5, 29. Badische Anil n- & i pebeik dh. tatvtgtieten am Rhein, 49. Ciba Products Cote 
NI W. Germany Lawn, N.J. 
8. American Alkyd Industries, Broad & 14th Sts., Carlstadt, N.J 30. Baker Chemica 1.T., Phillipsburg, N.J. 50. Colab Resin Corp., Ti 
). American Cyanamid Co., 30 Rockefeller Plaza, New York 20, 31. Biggs Co., In irl H., 1547 Fourteenth St., Santa Monica, 51. Const Pro-Seal Mfg. C 
N.Y Calif. Calif. 
0. American Hard Rubber Co., Ace Rd., Butler, N.J. 32. Borden Chemi The, Div. of The Borden Co., 350 52. Columbia-Southern Ch 
1. American Insulator Corp., New Freedom, Pa. Madison Ave., New York 17, N.Y. Pittsburgh 22, Pa. 
2. American Lucoflex, Inc., 500 Fifth Ave., New York 36, N.Y 33. Borden Chemica _ The, Div. of The Borden Co., 53. Commercial Resins C: 
13. American-Marietta Co., Adhesive, Resin, and Chemical Div., Resinite Dept., Senta Barbara, Calif. 54. Cordo Molding Produc 
3400 13th Ave., S.W., Seattle, Wash. 34. British Geon Ltd., London W. 1, England New York 
14. American Molding Powder & Chemical Corp., 703 Bedford 35. British Resin Products Ltd., London W. 1., England 55. Cosden Petroleum Cor 
Ave., Brooklyn 6, N.Y 36. Cadillac Plast Chemical Co., 15111 Second Ave., P.O. Box 1311, Big Sx 
5. American Plastics Corp., 342 Madison Ave., New York 17, N.Y. Detroit 3, Mich 7 56. Crane Packing Co., T 
6. American Reinforced Plastics Co., 851 E. 60th St., Los 37. Campco Div., Chicago Molded Products Corp., 2717 N. Morton Grove, Ill. 
Angeles 1, Calif Normandy Ave ago 35, Ill. 57. Crowl Chemical Corp. 
American Viscose Corp., 1617 Pennsylvania Bivd., 38. Canadian Industri td., P. O. Box 10, Montreal, Que., Canada 58. Cutler-Hammer, Inc., 4 
Philadelphia 3, Pa 39. Carboline C } ley Indus. Ctr., St. Louis 17, Mo. 58a.Davies Nitrate Co., In 
18. Anchor Plastics Co., 36-36 36th St., Long Island City 6, N.Y. 40. Cary Chemica! lr P.O. Box 38, East Brunswick, N.J. 59. Davis Plastics Co., J 
19. Archer-Daniels-Midland Co., Plastics Div., 700 Investors 41. Cast Optics Cor 3} South Newman St., Hackensack, N.J. 60. Dennis Chemical Co., 


Bidg., Minneapolis 2, Minn. 



















































































































































































































































: Compounded with Butadiene-Acrylonitrile ESTER 
MOLDING 
ed Glass Copolymer 
Fiber Woodflour : | Mecorated acer 
Filler No - os a ren | me eo R 
' : j Filler Filler r an sbestos ag 
ic | (Including Filer Cotton Flock Filler — . Cotton Flock Filler Filler Filled and 
d) | Nodular) Filler Filler Vulcanized 
| Good Fair Excellent Good to fair | Good to fair Good Good to fair Good Fair to good | Fair to good | Fair to good Good 
280-340 270-320 290-380 270-380 280-350 280-350 280-380 290-350 300-360 310-360 310-360 300-325 
0 2000-6000 | 2000-5000 1500-5000 | 500-6000 2000-5500 1000-5000 | 2000-6500 2000-5000 2000-6000 | 2000-6000 | 2000-6000 500-1500 
ae 2.0-2.5 2.1-4.4 2.0-14 2.1-2.7 6-10 3.5-18.0 1.5-3.5 2-4 2.5 4.6-8 - 
06 | 0.001-0.003 J 0.010-0.012 | 0.004-0.009 | 0.0005-0.006 | 0.0005-0.005 | 0.0001-0.001 } 0.002-0.009 _ } 0.0018-0.008 |  0.006-0.010 | 0.004-0.007 } 0.002-0.005 Fo = 
| 1.82.0 1.25-1.30 1,321.45 1.52-2.0 1,65-1.92 1.75-1.95 1,36-1.43 1,36-1.42 1,24-1.35 1,60-1.65 1,38-1.4 1,3-1.5 
10-13.8 22.2-21.3 20.9-17.8 18.2-13.8 | 15.8-14.3 15.8-14.1 _} 20.4-19.4 | _20.4-19.6 22.3-20.5 17.3-16.8 | 21.3-21.0 21.3-18.5 
- 1,5-1.7 = - - pa RE OO es A Bie ae a 
00 6000-10000 | 7000-8000 6500-9000 | 4000-9000 | 5000-8000 5000-10000 | 3300-9000 4300-12000 4500-9000 3500-4500 | 6500-7000 § 1200-2000 
_— 1.0-1.5 0.4-0.8 0.18-0.50 0.13-0.5 0.2 0.37-0.57 0.3-0.7 0.75-2.25 - - 300-600 
- 7.5-10 8-17 10-30 30-50 33 9-13 9-13 4.0-6.0 5.0-9.0 3.5-6.0 0.002-0.004 
900 | 26000-35000 | 10000-30000 | 22000-36000 | 15000-35000 | 15000-25000 | 17000-26000 | 15000-30000 | 16000-35000 | 11000-20000 | 10000-20000 | 20000-25000 2 
900 15000-23000 12000-15000 8500-12000 7000-15000 8000-12000 10000-60000 | 8500-15000 7000-18500 7000-12000 6000-8000 9500-10000 - 
8.0-16.0 0.20-0.36 0.24-0.60 0.27-3.5 0.30-0.38 10-50 0.75-8.0 0.5-4.5 0.35-1.0 0.30-0.40 2.0-2.3 a 
~ M124-M128 M96-M120_— | -M95-MI15__ J M100-M110 M95-M100__]M95-M120 E60-E85 _M37-M85 MSO |) M97 40-90 (Shore) 
ee Diem 3-6 4-1 8-22 10-14 | Waite 4-7 4-7. 5 ee aE RY ” 
mee Wives ee: Fe 0.35-0.40 | 0.28-0.32 | 0.28-0.32 | = 0.30-0.35 0.34-0.36 0.33 - - ts 
i 15 2.5-6.0 _3.0-4,5 15-4 19-26 | 1.6 4-4 3.0-4.5 1,5-4.0 4.0 ~ 
[300-400 250 | 360-350 | 350-600 | 250-300 | 350-500 | 220-250 | 300-400 | 212 225 275 | 
400 240-260 260-340 400-500 230-350 >600 250-300 260-340 | 230-260 275 300 
7.0 x 10"! 10''-10" 10°-10" 10'°-10'2 10'?>10"4 7x10" 10"'-10" 10". 10"3 10'*-10" 10" 10" 2x10"" ot 70°C. 
) 250-300 300-400 200-425 50-350 300-460 140-370 200-400 250-550 300-325 275-350 250-325 400-700 at 70°C, 
140 250-350 100-375 40-300 250-39( 120-270 150-300 200-450 225-300 225-300 200-250 i 
5 7 5-6.5 5.0-9 10-75 4,7-7.5 7.1 6,0-2] 5.0-8.0 9-15 15 11.1-21 4 at 70°C, 
7 ~ 4.5-6.0 4.4-9,3 6-60 4,4-7,0 6.9 5.0-1] 5,0-8.0 = - ~ - 
7 ~ 4,5-5,0 4,0-7.0 5.0-7.0 4.2-5.2 4.6-6.6 4.5-7.0 4.0-7.0 5 5 6.5 - 
16 - 0.06-0.10 0.05-0.30 0.25-0.50 0.01-0,07 0.05 0.08-0.64 0.04-0,30 0.14-0.50 0.15 0.06-0.08 2 at 70°C, 
16 - 0.03-0.08 0.04-0,20 0,25-0.50 0,007-0.05 0.02 0.04-0.20 0.02-0.20 - - ~ ~- 
065 ~ 0.015-0.03 0.03-0.07 0.10-0,50 0.005-0.04 0,02 0,03-0.09 0.03-0.7 0.08-0.10 0.010-0.15 0.10-0.11 - 
0 180 Tracks To 120 120-200 Tracks 4-150 Tracks 2-130 20 20 20 = 
3. | 0306 9 01-02 ] 031.0 0.10-0,5 0.01-0.1 01-12. 0.4-1.75 0.6-1.8 em 625-05 1 082 8 £4 = 
w None Very low Very low None None None Almost Very low Slow Very slow Slow Fast 
None to self- 
see cali ee a Bo extinguish 
Slight Surface General darkening None 
. darkens — Seaton 
a ie a a Fe at 
None None to slight depending on acid Swells 
— —- —F- - — -- L ameanneeneenbisesaiinentanenpaitie 
ses | Decomposes Decomposed by oxidizing acids; reducing and organic acids none to slight effect Swells 
None None Slight to marked depending on alkalinity Swells 
to slight yd ae ae MOIR i Bs BE LS 7 ae & Bees 
ed ae Decomposes Attacked by strong alkalies unless o special alkali-resistant resin is used Swells 
sli 
pleed- None None None on bleed-proof materials Attacked 
OSS UORCARAE Ne a a u wom 
| "Se Seat ___ Fair to good e Poor. Re: Fair to good Good Good “hs ae 
e Opaque Transparent Opaque Opaque Opaque | Opaque Opaque | Opaque Opaque Opaque Opaque Opaque 
translucent 
; aM -% a 
lite (128), Alcylite (4), Bakelite (208), Cardolite (132), Conolon (140), Durez (67), Durite (32), Fiberfil (79), Fiberite (80), Fiberplast (113), GE (91), Haveg (106), Acrylon (32), 
Heresite (108), Insurok (179), Kastor Acrylon (32), Kys-ite (117), Lamophene (163), Neillite (218), Plenco (157), Plyophen (174), Poly-phen (141), Hycor 4021 ) 
Poly-preg (212), Protectophene (163), Pyrotex (173), Rockite (35), Hycar 4021 (99), Rogers (180), Synvar PM (205), Valite (216) (99) 
27,80,128 4,108,116, 4,32,35,67,80, | 4,32,67,80, | 4,32,35,67, | 4,16,68,79, | 4,32,67,80, | 4,16,117, 4,67,91,136, | 4,91,136,180, | 4,91,136, 32,99 
141,163,174 | 91,113,136, 91,136,157, | 91,136,157, | 80,91,136, 91,113,136, | 179,180 205 205 180 
157,163,179, | 163,173,179, | 205,208 179,180 157,179,180 
180,205,208, | 180,205,208, 
216,218 218 
1. ft.-lb. per in. of notch (Y2x % in. notched bar, Izod test) 2. 10° cal. per sec. per sa er | 
of America, 1 Park Ave., New York 16, N.Y. 61. Devcon Corp., Endicott St., Danvers, Mass. 82a. Flexible Products Co., Marietta, Ga. 
stics Co., a Div. of Celanese Corp. of America, 62. Dewey & Almy Chemical Div., W.R. Grace & Co., 62 83. Food Machinery and Chemical Corp., Chemicals & Plastics 


, New 


ark, N.J. 


ymer Co., Div. of Celanese Corp. of America, 


, New 


tings and Engineering Co., Inc., 


ark, N.J. 


, Media, Pa. 


elopment Corp., Endicott St., 


Brooke St., 


Danvers, Mass. 


‘tke Huls A.G., Marl (Kreis Recklinghausen), 


», 2 Broadway, New York 4, N.Y. 
s Corp., Plastics Div., P.O. Box 415, Fair 


Sorp., Tewksbury, Mass. 
11 Mfg. Co., 2235 Beverly Bivd., Los Angeles, 


thern Chemical Corp., 1 Gateway Center, 


, Pa. 


esins Corp., 594 James Avenue, St. Paul 2, Minn. 
¢ Products, Inc., 230 Park Ave., New York 17, 


eum Corp., Chemical and Plastics Sales Div., 
|, Big Spring, Texas 
z Co., Teflon Products Div., 6400 Oakton St., 


Ill. 


al Corp., 11667 McBean Drive, El Monte, Calif. 
r, Inc., 492 N. 12th St., Milwaukee 1, Wisconsin 
» Co., Inc., 114 Liberty St., New York, N.Y. 

s Co., Joseph, Arlington, N.J. 
cal Co., 2701 Papin St., St. Louis 3, Mo. 


Whittemore Ave., ‘ 
. Diamond Alkali ¢ 


14, Ohio 


. Dow Chemical C« 
. Dow Corning Cort 
. Du Pont de Nemours & Co., (Inc.), E.I., Wilmington 98, Del. 
. Durez Plastics Div 


Slatersville, R.I 


ambridge 40, Mass. 


, 300 Union Commerce Bldg., Cleveland 


The, Midland, Michigan 
Midland, Mich. 


, Hooker Chemical Corp., 888 Walck Rd., 
North Tonawanda, N.Y. 


Co., Kingsport, Tenn. 


Belgrave Square, 
. Escambia Chemica 


. Eastman Kodak C 

. Electronic Mechan! 
. Emerson and Cuming, Inc., Canton, Mass. 
. Enjay Chemical ¢ 


, Plastic Sheeting Div. 
8, Inc., Clifton, N.J. 


, Rochester 


. Eastern Plastic Materials, Inc., Woonsocket Industrial Park, 


. Eastman Chemica! Products, Inc., Subsid. of Eastman Kodak 


4, N.Y. 


, @ Div. of Humble Oil & Refining Co., 
15 West S5ist St., New York 19, N.Y, 


. Epoxylite Corp., 1428 N. Tyler, South El Monte, Calif. 
. Erie Plastics Co 
-Erinoid, Ltd., West Halkin House, West Halkin St., 
London S.W. 1, England 

1 Corp., 261 Madison Ave., New York 16, N.Y. 
. Farbenfabriken Beyer AG, Leverkusen, W. Germany 
. Farbwerke Hoechst A.G., vormals Meister Lucius & Briining, 


1215-31 Walnut St., Erie, Pa. 


Frankfurt (M)-Hoechst, W. Germany 
79. Fiberfil Corp., Fox Farm Rd., Warsaw, Ind. 


. Fiberite Corp., 51° 
. Firestone Plastics Co., 
. Flexfirm Products, 2300 N. Chico Ave., El Monte, Calif. 


W. Fourth St., Winona, Minn. 
P.O. Box 690, Pottstown, Pa. 


Div», 161 E. 42nd St., New York 17, N.Y. 
Foster Grant Co., Inc., Leominster, Mass. 
Frank, J.P., Chemical & Plastic Corp., 390 Fifth Ave., 


84. 
84a. 


New York, N.Y. 


. Freeman Chemical Corp., Subs. of H. H. Robertson Co., 


211 E. Main St., Pt. Washington, Wis. 


Ave., Akron 9, Ohio 


Cleveland 15, Ohio 


Ohio 


. Furane Plastics, Inc., Los Angeles, Calif. 

. Garfield Mfg. Co., 10 Midland Ave., 

. General Mills, Inc., Kankakee, II!. 

- Garlock Packing Co., The, Palmyra, N.Y. 

. General Aniline & Film Corp., Commercial Development 
Dept., 435 Hudson St., New York 14, N.Y. 

. General Electric Co., 1 Plastics Ave., Pittsfield, Mass. 

. General Piastics Corp., 1400 N. Washington, Marion, Ind. 

. General Tire & Rubber Co., Chemical Divs., 1708 Englewood 


. Gering Plastics, Div. of Studebaker-Packard Corp., 

No. 7th St. & Monroe Ave., Kenilworth, N.J. 
. Gilman Brothers Co., The, Gilman, Conn. 
. Glaskyd Inc., Eckel Road, Perrysburg, Ohio 
- Glastic Corp., The 4321 Glenridge Rd., Cleveland 21, Ohio 
. Glidden Co., 900 Union Commerce Bidg., Cleveland 14, Ohio 
. Goodrich Chemical Co., B.F., 3135 Euclid Ave., 


. Goodrich-Gulf Chemicals, Inc., 1717 E. 9 St., Cleveland 14, 


. Goodyear Tire & Rubber Co., The, Chemica! Div. 


East Market St., Akron 16, Ohio 


Garfield, N.J. 
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146. 


O’Sullivan Rubber Corp., P.O. Box 603, Winchester, Va. 











+ . ns a a es ‘bi Sa / 7 i plate “ s se " 
A, ee ys ate a een +p RM ep ee 
Pouvacavuic POLYESTER AND ALKYD MOLDING MATERIALS AND SILICONE 
ESTER MOLDING COMPOUNDS 
MOLDING Glass Reinforced 
MATERIAL Premix Granular and | 9b octos Synthetic . 
Preformed — “ Putty Types, Filled Fiber A Glass 
Filled and Chopped Molding st Mineral Filled Filled — Fiber 
Vulcanized Roving Compounds . iller Filler 
Good Excellent Excellent and lay-up Excellent Excellent Excellent Good Good E 
300-325 170-320 280-350 Rm. Temp.-250 280-370 280-320 280-320 300-350 310-360 
500- 1500 250-2000 500-2000 0-300 100-4000 500-2000 500-3000 1000-5000 1000-5000 \ 
2 = - - 2.05-2.3 2.0-2.5 3.5-5 6-8 6-9 
5 * 00.002 _0.002-0.006 _ 0-0.002_— |_—-0.004-0.010 0.004-0.007 | 0.005-0.009_ a — 0-0,005 | 0, 
eas ls 1.35-2.3 1,8-2.3 1.50-2.1 1. Mae 1,24-1.40 Leno | 1.6820 | 4 
D.s65 20.5-13.9 ms 18.5-13.2 | 12.3-5.4 16.8 22.3 17.3-14.4 16.5-13.8 
I - ee S78 TSS RR) LE eS ARCO ea a! GS. le eo) webs 115 
1200-2000 30000-25000 4000-10000 30000-50000 3000-5500 4500-7000 4500-6000 28000-35000 4000-5000 3 
300-600 0.5-5,0 - 0.5-2.0 - - = pei os 
0,002-0.004 8.0-20.0 16-20 15.0-45.0 5-25 - ~ 25-30 = 
. 15000-30000 | 20000-26000 } 25000-50000 }| 18000-25000 22500 20000-30000 - 10000-15000 | 15 
= 10000-40000 13000-20000 40000-80000 7500-10000 8000-10000 10000-12000 30000-35000 10000-14000 7 
a 2-10 1.5-16.0 5-30 0.30-0.35 0.45-0.50 0.55-4.5 - 3-15 ( 
40-90 (Shore) M70-M120 | 60-70(Barcol)) | M80-M120 -_ M99 " = M84 
ik ~ 10-16 Mig. F ee ; x 
i a ae = = = = oi Se 
el ae = 0.25 = 0.25 - - = id 0,24-0,30 
+ 5 OPS ’ 2.5.3.3 15-3 3.55 Ps te an 0.8 
290-350 __ 350 300-350 300-350 | 300-350  ]| 450 _ . & SOR Pe “ae Os 
- ~ __>400 - 350-425 _ _ 3S 240-290 - _>900 
2x10" at 70°C. 19" 10*-108 10" 10" 6.6 x 10° 10*-10" : 10. 104 
400-700 at 70°C, 350-500 345-420 350-500 350-450 380 365-400 - 200-400 
- - 275-390 ~ 300-350 290 330-350 - 125-300 
4at 70°C, 3.8-6.0 5.3-7.3 4.1-5,.5 5.1-7.5 - 3.8 = 3,3-5,2 
~ 4.0-6.0 4,68 4.2-6.0 5.0-6.2 5.2 3.7 - 3.2-5,0 
~ 3.5°5.5 5.2°6.4 4.0-5.5 4.6-5.5 4.5 3.6 - 3,2-4.7 
2 ot 70°C, 0.01-0,.04 0,011-0.041 0.01-0.04 0.009-0.06 - 0.026 - 0.004-0,03 
k 0,01-0,.05 - 0.01-0.06 0.01-0.03 0.11 0.020-0.03 - 0.0035-0,02 
- 0,01-0,03 0,008-0.022 0,01-0.03 0.015-0.04 0.04-0.06 0.01-0.016 - 0.002-0.02 0 
- 120-180 120-180 60-120 75-190 138 85-115 = 150-250 
| ay a 0,.01-1.0 0.06-0.28 0.05-0.5 0.15-0.8 — 0.08-0.2 Cae ee ee 
Fost Slow to self- | Slow to self- | Slow to self- | Slow to self- Self- Self- Noneto slow | None to slow 
extinguishing | extinguishing | extinguishing | extinguishing | extinguishing | extinguishing ex 
None Slight Depends on Slight None None None None to slight None to slight Ne 
pigmentation 7 = , 
Swells Slight Slight Slight None None None None to'slight | None to slight 
Swells Attacked Attacked Attacked Attacked Slight Slight Slight Slight 
Swells Slight to Slight to Attacked Attocked None None None to slight | None to slight |N 
attacked attacked 4 
Re EE SS ie pabapetine NIN ee ee es Snes ES Sv nec 
Swells Attacked Slight to Attacked Decomposes Slight Slight None to marked | Slight to 
aR eI 2 Oe ES Fee Ryd GRE Bg OS 
Attacked Slight None Slight None None None Attacked by Attacked by | 1 
Re. Ces ees ell seetatieisteiiiinhlnin einesial ont at __Some =f 
a ewes?! Good _Good | Good — 1 S wah Good Excellent Fairtogood | Fair —s 
Opaque Opaque Opaque Opaque Opaque | Opaque Opaque Opaque Opoaue 
Acrylon (32), Acme (1), Aico (11), Alcylite (4), Alpon (187), Aropol (19), Atlac (23), B.1.P. (27), Poly-preg (212), | Cabrite (48), 
Hycor 4021) ) BondZall (186), Cadco (36), Conolon (140), Cordopreg (54), Co-Rezyn (53), Dapon (83), Pyrotex (173) Conolon (140), 
(99) Dial! (129), Dry-ply (82), Durez (67), Fibercore (159), Formadall (221), Glaskyd (96), Dow Corning 
Glastic (97), Haveg (106), Marco (43), Nureco (145), Plaskon (6), Plastrong (137), (65), GE (91), 
Pleogen (135), Polylite (174), Poly-preg (212), Pre Imp (82), Rosite (182), Stypol (86), Poly-preg (212) 
Thermaflow (23), Unipreg (16), Vibrin (143) 
4 
- 
\ 32,99 1,4,6,11,16,19,23,27,32,36,43,53,54,67,82,83,85,96,97,106,112,129,134,135, 137,140, 173,212 48,65,91,140, 
145,159,168,174,182,187,212,221 212 
4 ites > re ale ie ie = ; Mi | * ; a 
er sa. .. per | sive humidity and 23°C. 4. short time, 1/8-in. thickness, volts per mi 5. step-by-step, 1/8-in thickness, volts per mil 
hemicals, Inc., A and Lombard Sts., Wilmington, 126. Marbon Chemical, Div. of Borg-Warner Corp., 7165 Chicago 147. Pelmor Laboratories, Inc., 401 Lay 
emicals & Plastics ; ' : Ave., Gary, Ind. 148. Pennsalt Chemicals Corp., Box 438 
Ta W.R. & Co., Polymer Chemicals Div., Clifton, N.J 127. Mazzucchelli Celluloide S.P.A., Castiglione Olona, Italy 149. Permacel, U.S. Route 1, New Bruns 
s. 4. Great American Plastics Co., 650 Water St., Fitchburg, Mass. 128. Melamine Plastics, Inc., Winona, Minn. 150. Phillips Chemical Co., Bartlesville 
390 Fifth Ave., S.H&R stics Industries, Inc., Nazareth, Pa. 129. Mesa Plastics Co., 12270 Nebraska Ave., Los Angeles 25, 151. Pioneer Scientific Co., Subs. Baus: 
“veg Industries, Plastics Park, Wilmington 8, Del. Calif. 645 St. Paul St., Box 476, Rochest: 
Robertson Co., ie es | véer CO., Inc., Hercules Tower, 910 Market St., 130. Metachem Resins Corp., Mereco Products Div., 530 Welling- 152. Pittsburgh Plate Glass Co., Paint | 
w gton 99. Del. ton Ave., Cranston 10, R.I. Pittsburgh 22, Pa. 
lif. eresite & Chemical Co., Manitowoc, Wisc. 131. Midwest Plastic Products Co., 1801 Chicago Rd., 153. Pittsburgh Plate Glass Co., Chemi 
field, N.J. ro.. The, Wilmington 4, Del. Chicago Heights, II. Center, Pittsburgh 22, Pa. 
H Olean, N.Y. 132. Minnesota Mining & Mfg. Co., Chemical Div., 900 Bush Ave., 154, Plastic Horizons, Inc., 2 E. Sth St. 
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em Resins Co. 211 Oak St., Providence 9, R.I. 136. Monsanto Chemical Co., Plastics Div., Springfield 2, Mass. 160. Poly Chemical Corp., P.O. Box 75 
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New Brunswick, N.J. 171. Raritan Plastics Corp., One Raritan Rd., Oakland, N.J. 5ist St., New York 20, N.Y. Chemical Corp., 99 Park A 
artlesville, Okla. 172. Reed Plastics Corp., 116 Gold St., Worcester 8, Mass. 194. Shell International Chemical Co., Ltd., St. Helen’s Court 211. U.S. Plastic Products Cory 
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mers, Inc., New South Rd., 179, Richardson Co., The, 2747 Lake St., Melrose Park, Ill. Prince Albert, Brussels, Belgium 216, Valite Corp., New Orleans 
rk 180. Rogers Corp., Rogers, Conn. 199. Southern Plastics Co., Columbia 1, 8.C. 217. Vinyl Compositions, I td 
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: 187. Scott Bader & Co., Ltd., Wollaston, Wellingborough, 207. Tylene Plastics, Inc., Freyer Rd., Michigan City, Ind. 223. Yates Co., 2211 Cemetary } q 
e, Molding Resins Div., 125 N. Northamptonshire, England 208. Union Carbide Plastics Co., Div. of Union Carbide & Carbon 
lvania, The, 2140 Fairmont Ave., —_ Seas esa ee ene pe eee Cosp,, 278 POE PR SS Se Shy ee *Copyrighted 1961 by Plastics Cata! 
- i iv., » Ohi or 
siti er. nian, Be 450. setesting Ietber Ce., Piostion Bir., Rewoommoters, ote Avenue, New York 21, New York. A 
Co., Middletown Rd., 40 Rector St., New York 6, N.Y. the right to reproduce the chart orp 


191. Shawinigan Chemicals Ltd., Canadian Resins Div., 


600 Dorchester Bivd., W., Montreal 2, Que., Canada Supplement to Modern Piastics Ency 





Special grades of materials are often available that excel in 
always be consulted before making a choice of material. In or: 
of these materials, the names and addresses of manufacture 


listed 


in the chart. Complete street addresses will be fou 


suppliers for type of filler desired. 


Sulfide 


2000-10000 
0-100 
0.01-3.5 
1000-14000 
1000-13000 
2-10 


2-10 
250-300 
RT-250 
1.3-15 x 10" 
235-400 
235-400 
3-6 
3-5 
3-6 
0.010-0.040 
0.012-0.0 


Attacked by 


1.58-1.66 
6000-9000 
1.52.0 
4-5 
12000-15000 
11000-17000 


10'2.10913 
350-400 
250-300 
6.5-7.5 
5.5-6.0 
4.0-5.5 
0.10-0.15 
0.01-0.0 
0.04-0.05 


0.3-0.4 
Very slow 
Colors may 


fade 


to slight 


__16.5-16.3 


Cast 


Asbesto 
Filler 


Mineral 
Filler 


_1.68-1.70 


4000-9000 
a 18.8 
29000-34000 10500-125 
9000-12000 
0.35-0.50 
M85-M120 


7.5 
160 
150475 
109-10 '2 
100-250 
75-200 
14-30 
9-15 
0.10-0.30 
0.07-0.20 


~ 0,12-0.36 


Almost 
None 


“f Deshons 


None 
to slight 


Attacked by 


none to sl. effec 
by red org. acids 
Slight to marked | Nil 
dep. on alkalinit 


some oxidizing 
acids 


None 
Slight 


Decomposes Decomposes 
Generally : nee 
Resistant Attacked by 


some 


Attacked by 
Good ___ some 


Transparent Excellent. 
Tronsparent, 
translucent, 

opaque 

Alcylite (4), 

Gemstone (118), 


49), Bakelite(208), 
(46),Copy-Cast(186 
-R.(64), Devcon(46) 
116),Epikote(194), 
ac(121), Epolite(178) 
74), Epoxin(29, 170), 
10), Ilsochemflex 
e2z(115), Lukutherm 
;Nureco( 145), Oxiron 
Polykast(163), Polytool 
97 Stycast{72), Thiokol 


Icylite (4), Catalin (42), D 
Haveg (106), Isochemrez (11 
Lebec (122), Marblette (125 
Poly-phen (141), Rezolin (1 


Isochemrez(115), 
Kaston (163), 

Marblette (125), 
Plyophen (174), 
Poly-phen (141) 


61,64,72,74,77, 4,50,115,118, 
25, 130, 132, 145, 125,141,163, 
, 194, 197,201, 174 


4,32,42,45,67,106,115,122,1 
163,174,178,205 


nigan Resins Corp., 350 Fifth Ave., New York 1, N.Y 
Chemical Corp., Plastics and Resins Div., 110 W. 
t., New York 20, N.Y. 
International Chemical Co., Ltd., St. Helen’s Court, 
St. Helen’s, London E.C. 3, England 
Form Co., Inc., Auburn, N.Y. 
cin Corp., The, 903 N. Victory, Burbank, Calif. 
, 572 Communipaw Ave., Jersey City 4, 


, Direction des Matieres Plastiques, 32, rue 
, Brussels, Belgium 
ern Plastics Co., Columbia 1, S.C 
er Chemical Co., Dwight Bldg., Kansas City, Mo. 
cote Mfg. Co., 3418 Gratiot, St. Louis 3, Mo. - 
+» Trenton 4, N.J. 219. 
ne Products Ltd., London W. 1, England 220. 
m Plastics, Inc., 1617 Pennsylvania Bivd., 220a. 
delphia, Pa. 221. 
ar Corp., Wilmington 99, Del. ; 
ol Chemical Corp., Trenton 7, N.J. 222. 
e Plastics, Inc., Freyer Rd., Michigan City, Ind. 223. 
Carbide Plastics Co., Div. of Union Carbide & Carbon 
,» 270 Park Ave., New York 17, N.Y. e : 
Copyrighted 
Avenue, New 


the right to re 





excel in one particular property. The manufacturers should 


al. In order to facilitate communications with the producers 


ufacturers of each of these chemical types of plastics are 
| be found in the Directory Section. Check with materials 


Asbestos 
Filler 


ert an 
_%3 
3000-6000 
18.8 
10500-12500 
5000-8000 
R110 
8.4 
0.3 
3.3 


Almost 
None 


Darkens 
slightly 


None 
to slight 


Attacked by 


oxidizing 


Decomposes 


Generally 
istant 


5), Kaston 


115,122,125, 


(OQ 2) 
59), Durite (32), 


Casting 
Resin, 
Mechanical 
Grade 


4.25-1.30 
22.2-21.3 
4000-7000 


5-7 
15000-20000 
9000- 14000 
0.3-0.4 
M70-M110 
3-5 
0.3-0.4 
8-1] 
250 
240-260 


0.2.0.4 
Very low 


~ Parkens 


to slight 


Attacked by 


oxidizing 


_to marked 
Decomposes 


163) 
174 


4 
205 
2 


1,4,59,115, 
163,174,178, 
180,205 


1.10-1.46 


25.2-19.0 
~1.523-1.57 


6000- T0000 
5 
3.0-6.4 
13000-36500 
8500-18300 
0.2-0.4 
M70-M1T5 
4 


55-10— 


250 
140-400 
10% 
380-500 


0.15-0.60 
1.1 to self. ~ 


extinguishing 


Yellows 
slightly 


None 


None to 
considerable 


None to slight 


Attacked 


~ Attacked by ketones and 
chlorinated solvents 


Good 
~ Transparent 
to opaque 


Alcylite(4 


Atlac(23 
Co-Rezy 


, Amester(8 y 
Cadco(36),Cellobond(35), 


Cc 2 7\ 
3), Crystic(187 


1.01-1.20 
27, 4-23.00 
~ V.537-1.355 
B00- TBO0 
40-310 


7.0 
84-94 (Shore) 


None to 
considerable 


None to slight 

Attacked 
air 

ransparent 

to opaque 

8), Aropol(1 9) 


F oster- 


‘ 


Gel-Kote(98 ;Glidpol (98), 
Hetron(67), 1C(112), Iso- 


PFE(115 


, Lamina 


9). Lea- 
7), Leg 
(29 

, Pleogen 
electron(] 2), 


cast(72), Stypol 


n(143), 


Y) 
, Vibdri 


2,4,6,8,9,19,23,29,31 ,35,36,43,47, 
53,67,72,77,85,98,109,112,115, 





135,143,152,170,174,181,185,187, 
196,205,210,211,219 


United States Gasket Co., 602 N. 10th St., 
. U.S. Industrial Chemicals Co., Div. 
Chemical Corp., 99 Park Ave., 
. U.S. Plastic Products Corp., 
Metuchen, N.]. 
. U.S. Polymeric Chemicals, Carrol gnd Ludlow Sts., 
Stamford, Conn. 
U.S. Rubber Co., 
icago, Ill. 
U.S. Rubber Co., Passaic Plant, 1 Market St., Passaic, N.J 
215. United States Stoneware Co., Tallmadge Ave., Akron 9, Ohio 
216. Valite Corp., New Orleans 17, La. 
217. Vinyl Compositions, Ltd., Albert Rd., Lowerhouse, 
Bollington, Nr. Macclesfield, Cheshire, England 
217a. Vinyl Corp. of America, Dayton, Ohio 
218. Watertown Mfg. Co., Watertown, Conn. 
219. Westinghouse Electric Corp., Benolite Plant, Manor, Pa. 
220. Westlake Plastics Co., Lenni Mills, Pa. 
220a.Woloch, George, Co., Inc., 514 W. 24 St., New York 11, N.Y 
221. Woodall Industries, Inc., 7565 E. McNichols Rd., 
Detroit 34, Mich. 
222. Worbla Ltd., Papiermuehle-Berne, Switzerland 
223. Yates Co., 2211 Cemetary Rd., Erie, Pa. 


Camden 1, N.J 
National Distillers and 
New York 16, N.Y. 

Lake & Whitman Aves., 


Chicago Plant, 2838 N. Pulaski St., 


»yrighted 1961 by Plastics Catalogue Corp., 770 Lexington 
ue, New York 21, New York. All rights reserved, including 
ight to reproduce the chart or portions thereof in any form. 
plement to Modern Plastics Encyclopedia Issue, Sept. 1961. 











F-OREWORD 






WT ithin the past months, fast-breaking developments have virtually 


changed the face of the plastics industry: commercialization of 
some of the newer plastics—acetal, polycarbonate, and polypropylene to mention a few 
-has been accelerated by increasing end-user interest; improvements in processing tech- 
niques—screw pre-plastication is just one example—have added new dimensions in 
versatility; large-volume applications in a myriad number of industries have boosted 
plastics consumption to 6 billion pounds. 

To thread their way through this labyrinth, modern-day end-users, processors, and 
suppliers need a wealth of information at their fingertips—and it is to this end that this 
Modern Plastics Encyclopedia Issue is devoted. Readers will find in its pages the basic 
data needed to take a plastic product from its initial conception till it is ready to roll 
off the production line. 

As usual, our editorial approach is aimed at simplifying the complexities of selection 
—what plastic to use, where to use it, and how to use it most effectively and economi- 
cally. Articles on basic resins—in all their forms—and on basic processing techniques 
have been revised and up-dated by authoritative experts in each field. And, where nec- 
essary, special articles have been added to our traditional line-up, including: @ A 64- 
page Guide to plastics (p. 17) that groups A Primer for end-users, the popular Plastics 
Properties and Technical Data Charts (covering films, foams, coatings, laminates, mono- 
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filaments, and plasticizers), and a special series on how to evaluate plastics properties 
and how to apply this evaluation to successful product design @ A current survey of 
foamed plastics (p. 390) e¢ A guide to commercially available plastics film and sheeting 
(p. 518) © How to choose a laminate (p. 595) @ What to know about selecting the right 
reinforced plastics molding technique (p. 607) © How to set up a production line 
(whether for injection molding, extrusion, or compression molding) and how to keep 
it running smoothly (p. 634) © What equipment is available to do the most effective 
job for the plastics processor (p. 838). 

Supplementing these editorial features, of course, is the Directory Section, p. 1060, 
which offers an up-to-date, authoritative compilation of manufacturers, molders, and 
suppliers. And on p. 1045 begins a 12-page section listing the titles of and describing 
403 booklets, brochures, catalogs, and technical bulletins available gratis from manu- 
facturers. 

For easy reference, each of the basic sections into which the Encyclopedia is divided 
is indexed in the Table of Contents, pages 4 and 5. Each section is preceded by a title 
page listing all the articles to be found therein plus an Index of Advertisers whose 
products and/or services are related to the subject matter to be found in that particular 
section. And, of course, the key Index which starts on page 6 offers a complete guide 


as to where specific information is located. 
The Edit 
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Coating and lamination ........ 702 
Cooling and take-off equipment 705 
Cooling extruded plastics ...... 711 
Defects and causes in extruded 
SEES DOI bcc cscccdseveccs 717 
Die and die design .......... a 
695, 697, 698, 700, 701 
Dry-blending resins ........... 291 
Mawigment BOF ...cccccccsscees 894 
Extruder design ............... 689 
PE bakes cdVos cusses ceues 689 
OS SRS a eee re 690 
Drives (mechanical and elec- 
a RNR ae 690 
Instrumentation ............. 694 
Melt viscosity values ........ 693 


Performance (prediction of) 692 
Pressure flow 
Screw-die relationship ...... 692 
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Polyethylene, high-density .. 701, 703 


Polyethylene, low-density 701, 
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cushion” plug forming .... 739 
technique for thermo- 
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Equipment for thermoforming . 900 
Free-blown method ........... 7 
Integral forming lines ......... 736 
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Pressure forming ............- 739 
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HEAT RESISTANCE 
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Loading and drying equipment 939 
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A primer of plastics 


T he accepted definition of plastics is “a large 
and varied group of materials which consist of, or 
contain as an essential ingredient, a substance of 
high molecular weight which, while solid in the 
finished state, at some stage in its manufacture is 
soft enough to be formed into various shapes, most 
usually through the application, either singly or 
together, of heat and pressure.” 

Most plastics, with the exception of the cellu- 
losics, which are chemically modified natural high 
polymers made from cotton, are produced by 
synthesis from such natural resources as water, 
air, coal, salt, natural gas, etc. From these are 
derived the various chemicals and gases which are 
combined to produce the plastics materials. As an 
example, the raw materials for making polysty- 
rene, one of the most important of the plastics, are 
coal and petroleum or natural gas. By a process 
of distillation, benzene is extracted from the coal; 
from the petroleum or natural gas is taken the gas 
ethylene. These two materials are then linked to 
form ethyl benzene which is dehydrogenated to 
styrene. With the aid of catalysts, heat, and pres- 
sure, thousands of styrene molecules polymerize, 
or link together, to form long chain-like molecules 
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Date Material 


Cellulose nitrate 
Phenol-formaldehyde 
Cold molded 

Casein 

Alkyds 
Aniline-formaldehyde 
Cellulose acetate 
Polyvinyl chloride 
Urea-formaldehyde 
Ethy! cellulose 

Acrylic 

Polyviny! acetate 
Cellulose acetate butyrate 
Polystyrene or styrene 
Nylon (polyamides) 
Polyvinyl acetals 
Melamine-formaldehyde 
Polyvinylidene chloride 
Polyesters 

Polyethylene 

Silicones 

Fluorocarbons 
Cellulose propionate 
Epoxy 
Acrylonitrile-butadiene-styrene (ABS) 
Acetal resin 
Polypropylene 
Polycarbonate resin 
Chlorinated polyether 





that clump into small granules of crude poly. 
styrene. These grairis are hot-worked and cut into 
small pellets called molding powder, the most com- 
mon form in which plastics are supplied. 
Because of the many source materials which 
the chemist has at his command, and because go 
many different combinations are possible, the 
family of plastics today encompasses a large— 
and still growing—number of members, all of 
which differ in properties and characteristics. If 
for example, the ethylene gas used in producing 
polystyrene were combined with chlorine (from 
salt) and then polymerized, the result would be 
polyvinyl chloride—a very different plastic. 


Major subdivisions 


Many combinations and many different materials 
are thus possible. Therefore, for purposes of sim- 
plification, most plastics can be classified under 
one of several recognized basic family groups. 
These groups, in turn, can be generally further 
classified under one of two major subdivisions— 
thermosetting or thermoplastics. A few plastics are 
in-between—they can be formulated either to be 
thermosetting or to be thermoplastic. 

The thermosets, as the term implies, generally 
set or harden (cure) under heat into a permanent 
shape. (In some cases, room temperature is suf- 
ficient.) An irreversible chemical reaction called 
crosslinking occurs; this reaction links the resin 
chains so that the molded piece is essentially one 
giant, three-dimensional molecule. Subsequent 
heating, though it may soften the structure some- 
what, cannot restore the flowability that typifies 
the uncured resin. In this classification are such 
basic family groups as the aminos (melamine and 
urea), most polyesters, alkyds, epoxies, allyls, fur- 
anes, isocyanates, and phenolics. 

The thermoplastics, on the other hand, soften 
when heat is applied and harden upon cooling. 
By alternate heating and cooling, they can be re- 
shaped again and again (just as a cake of ice melts 
in the sun and the resulting water can be solidified 
into a different shape by freezing). Thermoplastics 
include styrene polymers and copolymers, acrylics, 
cellulosics, polyolefins (polyethylene and polypro- 
pylene), vinyls, nylons, acetals, chlorinated poly- 
ether, polycarbonates, some polyurethanes, and 
fluorocarbons. 

Cold molded plastics differ from the more com- 
mon materials in that they must be baked after 
removal from the mold to oxidize and polymerize 
the binder materials. They fall into two main cate- 
gories: organic (divided into bituminous, phenolic, 
and cement-asbestos types) and inorganic or re- 
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fractory. They are used primarily in various types 
of electrical applications. 

The two major inorganic plastics are glass- 
bonded mica and ceramoplastics; both are avail- 
able as molded and machinable parts mostly for 
electrical applications. Some of the newer ceramo- 
plastics also go into missile and supersonic aircraft 
parts. 

Casein, a product of the protein of skim milk 
reacted with formaldehyde, is a thermose+ting ma- 
terial used for buttons, loops, rings, buckles, beads, 
novelty items, and handles. 

It should be noted that in the paragraphs above 
we are discussing only the basic family groups. A 
whole new science of alloying plastics with other 
materials (e.g. rubber), of copolymerizing two 
monomers together, or of blending different plas- 
tics together has sprung up in recent years to add 
yet another dimension to the plastics industry. Sty- 
rene-rubber combinations, as just one example, 
offer impact strengths and other physical proper- 
ties far superior to those obtainable with normal 
polystyrenes. In this category fall the styrene-bu- 
tadiene combinations (commonly known as impact 
styrenes), the styrene-acrylonitrile combinations 
(with their outstanding chemical resistance), and 
the acrylonitrile-butadiene-styrene copolymers and 
polymer blends. The alloying and blending of two 
different types of plastics together to obtain prop- 
erties that fall in-between the two is also becoming 


more and more common. On the market already 
are such examples as: styrene-methyl methacryl- 
ate, melamine-phenolic, and a chlorinated poly- 
ethylene-rigid polyvinyl chloride combination. 


A basic history 


Before going into a discussion of the various 
types of plastics materials available, it might be 
well to review their historical development, as out- 
lined by The Society of the Plastics Industry, Inc. 

“In 1868, the first commercial plastic, cellulose 
nitrate, was created in the United States. It came 
about when a shortage developed in ivory from 
which billiard balls were made. John Wesley Hyatt, 
a determined and inventive young printer, met the 
need, hitting upon the idea of mixing pyroxylin, 
made from cotton and nitric acid, with solid cam- 
phor. Concurrently, in England, development was 
in progress on the use of pyroxylin in lacquers and 
in other coating materials. 

“Called Celluloid, this first American plastic was 
soon found to have many uses. Colored pink, it 
was quickly adopted by dentists as a replacement 
for hard rubber in denture plates. It will be re- 
membered as the material from which wipe-clean 
collars, cuffs, and shirt fronts were made, and as 
the window curtains on the early automobiles. The 
first photographic film was made of Celluloid in 
the '80’s—the first motion picture film in 1882. 

“Forty-one years were to pass before the plastics 
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industry took its second major step forward. In 
1908, Dr. Leo Henrik Baekeland introduced phe- 
nol-formaldehyde resins. While others in the field 
of chemistry had experimented with the combina- 
tion of phenol and formaldehyde, Dr. Baekeland 
was the first to obtain a controllable reaction be- 
tween the two. The first phenolic in this country 
was called Bakelite from his name. 

“Dr. Baekeland was also the first to develop 
techniques for converting this plastic to commercial 
use. His patents covered the production of a phe- 
nolic that could be cast (like marbleized clock 
bases), a compound that could be formed under 
heat and pressure (like an electric iron handle), 
and solutions that could be used in making lami- 
nates (like restaurant table tops). 

“From 1909 to 1926 two more plastic materials 
were developed—cold molded and casein. Then, the 
tempo of plastics development increased consist- 
ently as is evident in the accompanying list which 
gives the year each plastic was introduced. (See 
listing, p. 18.) 

“Cellulose acetate was the next large-volume 
plastic to be developed commercially in this coun- 
try. Launched in 1927, it was available only in 
sheets, rods, and tubes until 1929 when it appeared 
as a molding material and became the first injec- 
tion molded plastic. 

“The first of the vinyl resins, polyvinyl chloride, 
came on the market in this country in 1927. The 
vinyls now constitute quite a family of resins, the 
most important of which—besides polyvinyl chlo- 
ride—are polyvinyl acetate, polyvinyl chloride- 
acetate, polyvinyl acetals, and polyvinylidene 
chloride. 

“While polystyrene is one of the more recently 
introduced commercial plastics (brought on the 
market in this country in 1938) it is one of the 
oldest synthetic resins, dating back to 1831 when 
it was first isolated. Today, it is one of the volume 
plastics, most familiar in the form of colorful 
molded toys and housewares. 

“Both polyethylene and the polyesters were in- 
troduced in 1942. Polyethylene, an important in- 
sulating material during World War II, was origi- 
nally produced in England and first produced in the 
United States for the Navy as electrical insulation.” 


Preparing the plastic 

Before they are processed, most basic plastics 
resins can be combined—compounded—with any 
one of a large range of modifying chemicals or 
reinforcing materials in varying proportions to 
achieve a given end result. Such additions can 
take the form of plasticizers (which soften the 
plastic and make it more flexible), stabilizers, 
ultra-violet absorbers, or antioxidants, (which 
prevent degradation in the plastic when it is ex- 
posed to heat or light), fillers (which add bulk 
and reduce over-all costs), colorants (which add 














integral color to the processed plastic end proc 
uct), and reinforcing fibers (which improve impac 
strength, electrical properties, etc., of finished prod 
uct). Solvents are used in plastics compositions t 
give the degree of temporary fluidity necessary t 
such operations as dipping, brushing, spraying, et 
and catalysts are often added to speed up the 
of a compound. 

After compounding, the resultant plastics can be 
made available in any one of a wide range of forms 
or shapes to meet specific end-use and processing 
requirements. 

In its most popular forms as granules, pellets, or 
powder, plastics are made available as molding 
compounds that can be processed by any of the 
molding techniques described below into solid, 
three-dimensional objects. If extrusion techniques 
are used, the compound is transformed into solid 
rods or tubes, profiled shapes, flexible film, or rigid 
sheeting. The rods, tubes, and shapes, in turn, c 
be fabricated with conventional wood working or 
metal working equipment; film and sheeting, simi 
larly, can be resoftened by heat and shaped (c 
thermoformed) to the contours of a mold. Calen 
dering techniques are also available to turn th 
compounds into film or sheeting. And blow moldi: 
techniques (see also below) add another dimen 
sion by making possible the production of hollc 
rounded objects. 

All of these molding procedures are based on th 
fact that, when the plastic is heated, it will melt tq 
a viscous liquid that can be forced into a mold o: 
confining shape where it solidifies and reprod 
the contours of the shape. 

In liquid form, the plastics are used as spray-on 
dip-on, or brush-on coatings, or incorporated in’ 
* lacquers, paints, and adhesives. As liquid bin 
agents, they (so come into play in the manufa 
ture of laminates of many types (see p. 22 
Liquid plastics can also be cast into three-dimer 
sional end products, film, or sheeting. 

By mechanical mixing or by the addition 
chemical blowing agents, liquid plastics resins c; 
also be foamed into cellular products for ins 
tion,: cushioning, flotation, or similar applicat: 

It would probably be easier to understand # 


















































































































































many forms in which plastics are.made availablg. 
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to turn the resins into end products. 









Injection molding 

Different molding processes have been developed 
to handle the specialized properties of the various 
plastics. Injection molding, for example, is the most 
commonly used method for producing thermoplas- 
tic end products. 

Sp Sndeetion snehiine, pellets ase foes. fe toeni 
hopper into the rear end of a heating cylinder 
where heating starts. With successive strokes of 
an injection ram or, in a newer development, with 
a revolving screw such as is used in extrusion tech- 
niques, the material is compacted and forced for« 
ward through a thin annular space between «a 
heated “torpedo” in the center of the cylinder and’ 
the cylinder walls. There the material is melted, 
Soon it reaches the cylinder nozzle and is injected 
into a cold mold. 

The fluid plastic completely fills the mold cavity, 
which is shaped to the contours of the finished 
product. When the plastic has cooled and solidi- 
fied, the mold is opened and the finished piece, an 
exact image of the mold cavity, is ejected. 

To speed up molding cycles and facilitate pro- 
duction, preplasticators are available. A preplasti- 
cator is simply an auxiliary heating cylinder which 
melts the granules and transfers the melt to the 
injection cylinder where it is further heated and 
held ready for injection. 


Compression molding 

For molding the thermosetting plastics, the 
method most generally used is compression mold- 
ing. The basic procedure is to place the molding 
compound (generally preheated) in the open mold 
cavity, close the mold, and then apply heat and 
pressure (through a downward-moving force plug) 
to the material until is softens and is forced to fill 
the mold cavity. In the closed mold, the material 
undergoes a chemical reaction that cross-links the 
polymer chains and thus hardens into a permanent 
shape. The mold is opened and the piece removed. 

Transfer (closed mold or plunger) molding is a 
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variation of molding in which the 
heat and pressure are applied to the molding ma- 
terial in a pot outside the mold. The fluid material 
is then forced by a plunger through channels (run- 
ners) from the external chamber to the closed'mold 
cavity where final cure takes place. 


Extrusion 


For the pettiudtien: Gf centtueces Glen, thecting, 


rods, tubes, and other profile shapes (as distin- 
guished from molded shapes), extrusion is the 
method commonly employed. 

i: csavulinie: Gasnaaanaa ial deceit lnaleania 
is fed through a hopper at the rear of the unit into 
a heated barrel where it is plasticated by heat and 
working by a continuously revolving screw; the 
screw also forces the hot melt forward through a 
heating chamber and out through a shaping orifice 
or die, much as meat is forced through a grinder. 
As the plastic shape, which can be anything from a 
thick rod or large pipe to a thin sheet or thread- 
like monofilament, depending upon the size and 
shape of the die, is forced out, it is usually con- 
veyed through a water bath that sets the shape. 

Plastics can also be extruded as coatings around 
continuous lengths of wire or cable. 


Blow molding 

The basic principles involved in blow molding 
thermoplastics materials are very simple: entrap a 
softened hollow body of material (known as a 
parison) in a simple mold, introduce air at medium 
pressure to cause inflation of the material, and al- 
low sufficient time for cooling while pressure is 
maintained. The end result is a hollow, contoured 
product. Present production methods for blow 
molding vary in terms of automation, the ‘move- 
ment of molds, and the formation of the parison 
(whether extrusion, with or without an accumula- 
tor system that stores and then dispenses out the 
extrudate, or injection molding is used). 


Casting 


Although the above molding methods differ in 
many respects from each other, they all have one 
thing in common—the use of heat and external 
pressure. Where no pressure is used, the process 
is known as casting. In casting, the plastic (either 
thermoplastic or thermosetting) is supplied in 
liquid form or in granular or powdered form that 
can be liquefied by heating or by the addition of 
solvents, catalysts, etc. The fluid plastic is poured 
into a mold and is cured into a solid at room tem- 
perature or by further heating. 

Many variations in casting techniques are also 
possible. One method used for making flexible toys, 
overshoes, etc., is slush molding, in which a ther- 
moplastic resin slurry (or “slush”) is poured into a 
warm mold. The heat homogenizes the slurry into a 
viscous layer of the desired wall thickness, and the 
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COMPRESSION MOLDING: Simplified drawing of 
compression moid shows two halves (force plug and 
cavity) in closed position with material compressed 
between the two. During this stage, plastic hard- 
ens (cures) into permanent shape 





excess slurry is then poured out. The resin left in 
the mold is fully fused by additional heat, then 
chilled; in its final flexible form, it is simply 
stripped out of the mold. In rotational casting, an- 
other variation, the resin is introduced into a mold 
which rotates to distribute the material evenly on 
the interior walls of the mold. 

Casting is also involved in one of the other two 
techniques which; in addition to extrusion, are 
available for the production of plastics film and 
sheet (film generally refers to sheeting 0.010 in. 
and thinner). When casting film or sheet, the liquid 
plastics material is cast on a moving belt or by 
precipitation in a chemical bath. 


Caiendering 

The third major technique for turning out film 
and sheet is known as calendering. In calender- 
ing, the plastics compound, usually in the form of 
a warm doughy mass, is passed between a series 
of heated rollers, where it is thoroughly worked. 
It emerges from the rolls squeezed into flat film 
or sheet, the uniform thickness of which is deter- 
mined by the gap between the last pair of rolls 
(gaging rolls), and is cooled on a chill roll. 

Calendering can also be used to apply a plastic 
covering to such backing materials as paper, fab- 
ric, etc. The film and backing are squeezed to- 
gether in the heated rollers, with resulting fusion. 


Coating 

The techniques of applying thermoplastics or 
thermosetting materials to a substrate (in web or 
sheet form) are probably as varied as the number 
of resins available for such coating. The equipment 
used can be divided into: 1) the type which pre- 
meters the coating prior to application of the web 
(e.g., kiss roll coating, in which the roll arrange- 
ment carries a metered film of coating to the web; 
at line of web contact, the coating splits, with part 
remaining on the roll, the remainder adhering to 
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the web); and 2) the type which applies an excess 
of coating and then removes a portion with knife 
scrapers, squeeze roll arrangements, or air blades. 
Plastics coatings may also be applied with spray 
guns or by being brushed over the material to be 
coated. In dip coating, the article to be coated is 
simply dipped into a tank of the plastic until the 
desired thickness of coating has been achieved. 
Fluidized bed techniques use heated metal surfaces 
and apply air-suspended powdered resin by a sin- 
tering process. 


Fabricating and finishing 

After plastics film, sheet, or extruded or molded 
shapes have been produced, additional operations 
are sometimes necessary before the final plastics 
product is ready for market. These operations 
generally fall under the classification of either 
“fabricating” or “finishing,” or both. Fabricating 
rigid plastics involves changing the size or the 
shape of the molded or extruded piece, adding holes 
or openings, etc., by such conventional metal- or 
woodworking techniques as drilling, tapping, turn- 
ing, milling, etc. Fabricating flexible plastics film or 
sheeting involves cutting the material to size (film 
and sheeting are generally produced in continuous 
rolls or are available in stock sheet sizes) and 
turning it into an end product by sewing, heat- 
sealing to itself or to other materials, etc. Welding 
and adhesive bonding are also put to work in fab- 
ricating plastics end products. 

The term “finishing” is generally applied to op- 
erations (e.g., tumbling, sanding, etc.) for improv- 
ing the surface appearance of molded plastics pieces 
by removing flash (excess material at the parting 
line) and other extraneous matter, as well as to 
the various decorating techniques used. When 
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EXTRUSION: Plastic feeds from hopper into threads of a revolving screw. Screw works the material 
while feeding it through heated borrel; softened plastic is then forced out through die 
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working with rigid plastics, surface decoration ¢ : 
take the form of stamping, printing, spraying, es 
vacuum metallizing (in which a metal coating i 
deposited on the plastic). Film, sheet, or coate mn 
materials can be metallized, printed with colorful th 
patterns, or embossed or flocked to simulate vir- wl 





tually any type of surface texture. 






Thermoforming 
One of the most important fabricating operation 
—and one that has virtually grown into an enti 
industry of its own—is that of thermoforming film 
or sheeting. The basic principle is: heat-softene 
film or sheet is forced against a cold mold ani 
permanently takes on the contours of the mold 
A wide range of forming methods have been de- 
veloped, differing primarily in the manner in which 
the sheet is heated and pressure is applied. 
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Laminates and reinforced plastics 

Many plastics, usually liquid at room tempera- 
ture, are used as binders and surfacing materials 
in conjunction with reinforcing materials such # 
fibrous glass, synthetic fibers, paper, wood, ete 
Uses for plastics in this area divide into three basic 
categories: surface coating materials (paints, var- 
nishes, lacquers, and coatings for fabrics, paper, 
ete.); bonding materials (including resins to bond 
sand in the manufacture of foundry cores and 
abrasives in the manufacture of grinding wheels, 
etc.); and laminating materials. 

For purposes of simplification, the latter classi- 
fication can be further broken down into two main 
product groups—high-pressure laminates and low- 
pressure laminates. As the names imply, the dif- 
ference is in the amount of pressure used in proc- 
essing, but the gap is closing and higher and higher 
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pressures are being used to produce better and 


liquid plastic resin and subjected to heat and high 
pressures while they cure into a single piece of 
uniform thickness. High-pressure laminates are 
subdivided into decorative laminates, such as are 
used for counters and tabletops, and industrial 
laminates, which are machined into such industrial 
components as gears and bearings. 

In molding reinforced plastics, woven cloths or 
nonwoven mats of the reinforcing material (glass, 
synthetic fibers, asbestos, etc.) are also impreg- 
nated with resin, but the laminate can be cured 
with little or no pressure. Molding a reinforced 
plastic product can be as simple as placing pre-cut 
pieces of reinforcing materials in an open mold, 
impregnating them with liquid plastic, and curing 
at room temperature and atmospheric pressure. 
However, the use of closed “matched metal” molds 
in heavy compression presses is becoming common. 

Newer reinforced plastics molding techniques in- 
clude filament winding (in which glass monofila- 
ments are run through a resin bath and then wound 
around a mandrel), spray-up (in which chopped 
glass and resin are simultaneously sprayed out of 
the gun onto a mold), and premix molding in 
which reinforcement and resin are combined into 
a molding compound that can be handled like con- 
ventional types. 


Combinations of materials 


To obtain the individual advantages of different 
plastics materials in a single product, techniques 
have been developed for combining materials. 
Laminating, for example, using heat and pressure, 
can be used for uniting different types of plastic 
film and sheeting. 

“Sandwiches” are another combination material 
for which many uses are predicted. A sandwich 
construction is a multi-layered laminate formed 
by bonding (generally with synthetic resin adhe- 
sives) two thin, strong facings (plastics, metal, 
wood, etc.) to a thick, lightweight core (foamed 
plastics, balsa wood, honeycombs, etc.) that sepa- 
rates and stabilizes the thin facings, thus giving 
them much greater stiffness. 


A QUICK LOOK AT TODAY’S PLASTICS 


A brief summary of the various types of plastics 
materials available, their properties and applica- 
tions, may help to give the layman some idea of 
the versatility which plastics have to offer and the 
extent to which they penetrate our daily lives. 

More complete details on each resin can be found 
in the individual articles in the “Resins and Mold- 
ing Compounds” section of this Encyclopedia. 
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ACETAL: The molecular structure of the poly- 
mer is that of a linear acetal, consisting of un- 
branched polyoxymethylene chains. High strength 
and stiffness, good fatigue life, exceptional resili- 
ence, high melting point, and toughness have made 
it a natural as a suitable replacement for metals 
(primarily die-cast metals). Typical applications 
to date include: impellers and other components 
for water pumps, housings, refrigerator and wash- 
ing machine parts, sporting goods (e.g., fishing 
reels), lawn mower and pushcart wheels, injec- 
tion molded instrument panels, and hardware (e.g., 
knobs and locks). 


ACRYLICS: Basically, acrylics constitute a family 
that comprises monomers and polymers of acrylic, 
substituted acrylic, and methacrylic acids, their 
salts, esters, and other derivatives, such as nitriles 
and amides. In the form of sheets and molding pow- 
ders, the properties exhibited by the solid acrylic 
polymers, such as crystal clarity, high impact 
strength, ease of formability, and resistance to sun- 
light, weather, and most chemicals, have led to their 
widespread use in a range of military and civilian 
applications that includes: airplane canopies; radar 
plotting boards; signs and displays; light diffusers; 
industrial window glazing; shower enclosures; auto- 
motive parts (taillight and stoplight lenses, medal- 
lions, instrument panels, etc.); and control knobs, 
dials, and handles. Acrylic resins also play an im- 
portant role in the formulation of paints, clear 
greaseproof paper coatings, adhesives, and coatings 
for leather finishing applications. Modified acrylic 
polymers with high impact strength and toughness 
have also recently been prepared for such applica- 
tions as heels of women’s shoes, outboard motor 
shrouds, marine hardware, housings for dispensers, 
and instrument cases. In liquid form, the resin has 
also been put to use as a binder for fibrous glass in 
the molding of glazing and architectural panels. 


ACRYLONITRILE - BUTADIENE - STYRENE 
POLYMERS: Based on combinations of acryloni- 


THERMOFORMING: Basic technique involves soft- 
ening plastic sheet with heat and then forcing it 
to conform to mold’s contours by pulling a vacuum 
(below) ‘or by pressure or mechanical means 
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ALKYDS:;: An alkyd is a type of synthetic resin 
described as an oil-modified polyester resin. As 
surface coatings, the alkyds provide a tough, versa- 






ity. Most common use is as a molding compound, 
with the electronics field as its most important 


market. The resin is also used to impregnate fibrous 
glass cloth which is then molded into industrial 
components (major outlet is the aircraft industry 
where it is used for tubing, ducting, radomes, mis- 
sile parts, etc.). A more recent use is the impregna- 
tion of paper sheets and overlays that are used as 
surfacing materials in the creation of low-cost 
decorative laminates. 


AMINOS (Urea and melamine): Urea formalde- 
hyde resin is derived from the reaction of urea 
(carbamide) with formaldehyde or its polymers. 
Consumers are probably most familiar with the 
cosmetic containers, buttons, and electric mixer 
housings molded of urea to take advantage of the 
material's solvent-, oil-, and grease-resistance, sur- 
face hardness, mar-resistance, color potential, and 
good electric insulating qualities. Less familiar is the 
use of urea in liquid form in adhesives for plywood 


from the reaction of melamine (prepared from 
dicyandiamide) with formaldehyde. In addi.on to 
its well-known use in the molding of high-grade 






for critical military parts, industrial components, 
household appliances, handles, buttons, and other 
products. As a laminating resin, it goes into the 
manufacture of shockproof laminates and decora. 
tive laminates for household and office use. Mela. 
mine resins are also used in the formulation of boil. 
proof, durable adhesives, in leather tanning, in the 
treatment of textiles, and in the production of wet. 
strength paper. 


CELLULOSICS: The family of cellulosics com. 
prises such a wide variety of materials, e.g., cel- 
lulose acetate, cellulose acetate butyrate, cellulose 
nitrate, cellulose propionate, ethyl cellulose, etc, 
that to explain and define each would take w 
considerably more space than is allotted here. Ty 
mention just two, however, cellulose acetate plas. 
tics are notable for their outstanding toughnes 
and high-impact strength, and are used for toys, 
beads, cutlery handles, knobs, electrical parts, ladies 
shoe heels, and housings. In sheet form, cellulose 
acetate is widely used as a packaging material and 
for electric insulation and tape. The primary physi- 


cal properties of cellulose acetate butyrate are a 


hornlike toughness, high-impact strength, uniform 


for butyrate are extruded pipe, sheet for thermo- 
formed signs, TV implosion shields, industrial com- 
ponents, coatings, etc. 


CHLORINATED POLYETHER: The polymer is 
obtained from pentaerythritol by preparing a chlor- 
inated oxetane and polymerizing it to a polyether 
by opening the ring structure. Outstanding chemical 
resistance, heat distortion temperatures well above 
the normal thermoplastic range, and excellent elec- 
trical properties have given the resin entry to the 
field of chemical processing and to precision molded 
industrial parts to compete with metal castings. 
Pipes and fittings (where it is used as a molded 


part, as a lining, or as a coating) constitute one of 


its major markets. 


EPOXIES: The name is generally applied to a 
group of resins ranging from brittle solids to low 
viscosity liquids made by the reaction of a bisphenol 
and an epichlorohydrin; common to all, however, is 
the fact that their principal reactive point is the 
epoxide group. In recent months, the outstanding 
combination of toughness, flexibility, adhesion, and 
chemical resistance obtainable with these resins 
have pushed them into such important market areas 
as: surface coatings (automotive production primers, 
interior and exterior varnishes, linings for chemical 
equipment, etc.); laminating (in conjunction with 
fibrous reinforcements, generally glass, they are 
used in molding aircraft parts, tools, tanks, vessels, 
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ducts, and housings, in the mamufacture of high- 
pressure laminates, and in the filament winding of 
tanks, vessels, and pipe) ; casting, potting, encapsu- 
lation, and embedments for the tooling and electri- 
cal industry; industrial floor surfacing; adhesives; 
body solders; and, most recently, in molded parts 
for industrial use. 


FLUOROCARBONS: The family already includes 


polytetrafluoroethylene (TFE), polychlorotrifluoro- 
ethylene (CTFE), polyvinylidene fluoride (PVF), 
fluorinated ethylene propylene (FEP), and, most 


the family. The materials are used in industrial 
applications, such as tubing, bearing and piston 
rings, valve seats, coatings, gaskets, printed cir- 
cuitry, wire and cable jacketing, seals, and electronic 
equipment components. Depending on what mem- 
ber of the family is used, the fluorocarbons are 
available as molding materials, extrusion resins, 
dispersions, and film or tape. 


ISOCYANATES: Most applications for this resin 
are based on combination with polyols (e.g., polyes- 
ters, polyethers) ; during this reaction, the reactants 
are joined through the formation of the urethane 
linkage—and hence this field of technology is gen- 
erally known as urethane chemistry. Major area of 
application is in the creation of flexible and rigid 
urethane foams for cushioning, upholstery, sand- 
wich cores, insulation, etc. The urethanes have also 
been put to use in elastomers, fibers, and coatings 
(maintenance coatings, outdoor and indoor clear 
varnishes, wire coatings, etc.). Until recently, most 
urethane elastomers were cast into products (print- 
ing rolls); now formulations have been made avail- 
able that can be molded or extruded on conven- 
tional processing equipment into various consumer 
and industrial end products. 


NYLON: Nylons are polymeric resins formed by 
the condensation of dibasic organic acids with dia- 
mines into linear chains containing amide groups. 
The various grades of nylons available (nylon 6, 
nylon 6/6, nylon 6/10, etc.) have several outstand- 
ing features in common: they are stiff, strong, tough, 
light, abrasion-resistant, have a low coefficient of 
friction, and are chemically and thermally resistant. 
Nylon is finding application in the form of molded 
gears and bushings, housings, cams, and aerosol 
bottles. The use of nylon as a jacket for wire and 
cables is already well-established, but newer ex- 
trusion applications, including the possibility of a 
tough nylon film for packaging uses, are attracting 


attention. 


PHENOLICS: Made by reacting phenol with alde- 
hydes, phenolics are strong, rigid, dimensionally 
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stable materials, resistant to heat and a wide variety 
of solvents, and, most important, nonconductors 
of electricity. Phenolic moldings find application as 
light plugs, electric switch boxes, washing machine 
agitators, vacuum cleaner parts, and camera cases 
among others. In liquid form, phenolic is used in 
the manufacture of industrial and decorative lami- 
nates, as a protective coating, and as an adhesive. 
The plywood industry is the largest customer for 
phenolic resin adhesives. Phenolic resins also find 
volume use in thermal insulation and in the manu- 
facture of brake bands, which further account for 
a large share of total usage. 


POLYCARBONATE: Chemically a polyaryl car- 
bonate polymer, this new resin offers high impact 
strength, excellent dimensional stability under con- 
ditions of widely varying humidity and tempera- 
ture; superior heat resistance; and good electrical 
properties. Current applications include: molded 
housings for business machines, electrical connec- 
tors, cams, coil forms, terminal blocks, water pump 
impellers, light diffusers, safety equipment, and a 
host of industrial parts. Newly available is a poly- 
carbonate film currently being used by the photo- 
graphic industry. 


POLYESTERS: By definition, a polyester is a 
resin composed of polymeric esters in which the 
recurring ester groups are an integral part of the 
main polymer chain. Unsaturated polyesters con- 
tain double bonds which permit cross-linking and 
hence conversion of the resin to a substantially 
infusible and insoluble product. While some poly- 
esters are used for casting applications (eg., air- 
craft glazing, potting of electrical components, 
buttons, etc.), the bulk of the resin is used in the 
so-called “reinforced plastics” products. Because 
the polyesters are easily handled liquids that can 
be cured easily and quickly to a solid material 
without any liquid or gases being evolved, they can 
be reinforced with fibrous glass, asbestos, synthetic 
fibers, etc., and molded (either with or without 
pressure and with or without heat) into complex 
shapes characterized by high-impact strength, light 
weight, good dimensional stability, and good electri- 
cal properties. Products being molded today of re- 
inforced polyester resins include: building panels, 
electrical equipment parts, boats, aircraft compo- 
nents, tote boxes, chairs, laundry tubs, automobile 
bodies and other components, luggage, awnings, 
storage tanks, appliance parts, etc. 


POLYETHYLENE: Basically, polyethylene is 
synthesized by the polymerization of ethylene at 
elevated temperatures and pressures in the pres- 
ence of suitable catalysts. Conventional low-density 
polyethylene requires very high synthesis pressures 
(15,000 to 30,000 psi.) and uses free radical cata- 
lysts, such as peroxides, The rigid high-density 










polyethylenes (with their greater strength, stiffness, 
and heat resistance) are made at lower synthesis 
pressures, using coordination catalysts. Medium- 
density resins are made either by a modification 
of the high-pressure process or by blending low- 
and high-density resins in proper proportions. Also 
newly available are polyethylene copolymers. De- 
pending on the type of material selected from this 
very large family, polyethylenes can be either flex- 
ible or rigid, they have excellent durability and 
are light in weight, they are extremely resistant to 
moisture and can withstand temperatures down to 
-100° F., and some formulations can be subjected 
to boiling water or sterilization. All formulations 
have excellent chemical resistance. Markets for the 
various polyethylenes already include: molded 
housewares, toys, industrial components, and auto- 
motive parts; film for packaging, the building in- 
dustry, and the agricultural field; sheeting that can 
be thermoformed into packages, industrial parts, 
etc.; electrical insulation in the form of outer jack- 
ets for power cables, telephone lines, appliance wires, 
étc.; extruded pipe; coatings for paper, aluminum 
foil, etc.; blow molded bottles (both flexible and 
rigid), containers, drums, ducting, toys, housings, 
or industrial parts; extruded monofilaments for 
rope and other uses. Newly available is a powdered 
form of polyethylene that can be molded (by spe- 
cial sintering techniques) into tanks, drums, boats, 
hampers, etc. Foamed polyethylene is also avail- 
able for use in insulation, flotation, etc. 


POLYPROPYLENE: This new resin is the first 
stereospecific plastic, e.g., in which the molecules 
are arranged in a specific order; this permits close 
packing of the molecule and leads to several out- 
standing properties. Polypropylene is produced by 
use of special catalysts in a low-pressure produc- 
tion system—and is an outgrowth of the research 
that went into the use of that system in making 
high-density polyethylene. Properties include: light 
weight (specific gravity is only 0.905), good tensile 
and impact strength, rigidity, high heat resistance, 
good chemical resistance and aging characteristics, 
and excellent dielectric properties. Current uses for 
molded applications take in housings (with molded- 
in integral hinges joining the two halves), packages, 
TV backs, appliance parts, vaporizer-humidifiers, 
housewares, toys, and hospital and laboratory ware. 
Film shows much promise, as does extruded sheet- 
ing for thermoformed applications. Monofilament is 
already in wide use in auto seat covers, outdoor 
furniture, and rope; textiles appear to be the next 
big market. It is also extruded into pipe and as 
insulation on wire. 


POLYSTYRENE: Polystyrene is a water-white 


thermoplastic produced by the polymerization of 
styrene (vinyl benzene). The general-purpose ma- 





. weight, availability in a wide range of 


terials offer such outstanding advantages as: light 






as in crystal-clear, trendomn foam sao and 
nontoxicity, and exceptionally good electrical p 
erties over the whole range of frequencies in p 
cal use. General-purpose materials are used in the 
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SILICONES: The silicones contribute excellent 
weather, heat, and wear resistance to an end prod. 
uct. They exist in a wide range of physical forms 
from simple fluids through greases and flexible | 
rubbers to hard, durable resins of complex. struw 
ture. Among their applications are: silicone rub 
bers; molding compounds for use in gaskets, circult 
breakers, etc.; laminating resins for applications 
where high-temperature operation is required; re« 
lease agents; lubricants; adhesives; and coatings. — 
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VINYL: This family of plastics takes in a wide 
group of resins, eg., polyvinyl acetate, polyvinyl 
acetals, polyvinyl alcohol, etc., the most important, 
of which is polyvinyl chloride. Polyvinyl chloride 
is described as a thermoplastic material composed 
of polymers of vinyl chloride. It is a colorless solid 
with outstanding resistance to water, alcohols, and 
concentrated acids and alkalies. One of the initial 
uses of vinyl chloride resins—electrical insulation 
—is still an extremely large market today. In the 
form of film and sheet, vinyl chloride resins have 
also found a virtually inexhaustible market that ak 
ready includes shower curtains, inflatables, vapor 
barriers, silo covers, and upholstery. Floor covering 
is also a big outlet as are extruded products. Most 
of these products are made of plasticized (softened) 
vinyl. More recently, interest has been expressed 
in unplasticized (rigid) vinyls that display outstand- 
ing toughress, chemical resistance, resistance to 
heat distortion, and excellent electrical properties. 
Most applications to date have been in extruded 
shapes, e.g., pipe and profiles for building use. Pos- 
sibilities now, however, are that new molding tech- 
niques, e.g., screw plastication, will promote its 
use for injection molded applications. 






















Further supplementing the very basic data on 
resins given above are the individual articles that 
appear throughout the Encyclopedia (see Index, p 
6). All processing techniques are also covered in 
appears opposite this page and the Technical Data 
Charts which begin on p. 48 offer more specific 
properties data. The section which begins on p. 27 
provides a basic understanding of how to put this 
data to work in design and planning. 


Sa eee ee Lace Oe we te ReUcGERESTEEEBHESESESSBEEZ. F BERES 





A GUIDE TO PLASTICS 








feed 143 tea iH ; He ass iy Seiegas i : 

mr a 

aa i ie ai “sf uy if Hh tity 2 a 

: 2 

TPT EeET LTH Leet Ed a eee LI 

ava Perey’ | APSTUERZESEaE «9837 S9GgRTR Gags 

are aa 

ag Hibl itt i i; TA Fi iti il 

bs +r 8 a3 ay 43° . - 

eel dln it HATE HR 

2 AA Te Pp MLE "7 
eT EE EE 
Pea 
Per H tal tH RSH THER IT ee 












SEL E ct CECE LEECE EET ELEEEEELELELUCUELECCTeLL eee ete ie *# ee 8 
































Surface resistivity is defined as the resistance 
the surface of an insulating material. It can 
materials having high intrinsic volume 


The units are ohms per square cc. and the test 
is 


conditioning cycles to which it has 
of which must be given with the value 





























Are resistance is the time in seconds that 
of a material without 
cording to ASTM D495 









































Dissipation factor is the ratio of the real power ( 
active power (power 90° out of phase). It is 
is the ratio of the real power to the 
Dissipation _ Power factor 

; V1 


@ measure of 
power to real power, showing as heat. 
heating can be by electron or ion flow and by dipole rotation. It 
with frequency, temperature, conditioning, and potential. The test 
ASTM D150, and the conditions of the test and frequency must be 
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nent is exposed. Temperature and 
moisture are the most significant 

Corona which can re- 
sult from the operation of the 
equipment can also be a major in- 
fluence, as can the presence of 


terial. Certain materials are par- 
ticularly resistant to the effects of 
temperature or humidity, or both. 
Polyethylene, for example, is a 
material which is quite resistant to 


compounds, are reasonably stable 
at high temperatures. Polyethyl- 
ene, however, lacks good tem- 
perature resistance and melamine 
is poor in moisture resistance. 
TFE (Teflon) and silicone resins 
exhibit good resistance to mois- 
ture and elevated temperature, 
but are far more costly than either 
melamine-glass compounds or 
polyethylene. In addition, the 
mechanical properties of TFE 
resins and their resistance to 
corona are poor, while the sili- 
cone-based molding materials are 
difficult to machine and are gener- 
ally difficult to mold. The silicone 
materials have good electrical 
Properties at most frequencies. At 
very high frequencies, however, 
they are deficient in loss charac- 
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teristics; TFE, on the other hand, 
excels in this characteristic. It 
would appear, therefore, that the 
selection of material must be a 
compromise of many factors. 


Designing the part 

There are three general cases 
into which all electrical design 
problems fall as far as a plastic (or 
other insulator) is concerned. 

1) The separation of two con- 
ductors having a difference of 
electrical potential between them 
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Chlorinated polyether 
Cross-linked 2.4- 
polystyrene 25 <0.0006 








Dially! phthalate 44 42 4.5 _ _ 0.010 0.004 0:009 _ — 
(glase-filled ) 

Dially! phthalate 5.5 50- 8 4.5- _ _ 0.038 0.039 0.040 _ _ 
(mineral-filled ) 6.2 6.0 

Dially! phthalate 4.0 3.9 3.3 — _ 0.025 0.023 0.015 _ — 


(synthetic fiber-filled ) 





























(mineral-filled ) 








FEP fluorocarbon 2.1 <0.0003 

Melamine formaldehyde 60- 60- 58 # £5.1- 4.1- 0.02- 0.012- 0.03- 0.05- 0.05- 
(alpha cellulose-filled) 8.0 7.5 7.0 6.0 46 0.03 0.02 0.04 0.07 0.11 

Melamine formaldehyde 4.7 4.6 4.6 45 3.9 0.01 0.01 0.01 * 0.015 0.015 
(giase-filled ) 

Melamine-formaldehyde 8.0- 8.0- 7.2- _ — 0.07- 0.015- 0.041- _ _ 
(mineral-filled ) 9.5 9.5 8.4 — — 0.18 0.034 0.055 _ _ 


Methyl] methacrylate 
Nylon 6/6 
Nylon 6/10 


Phenol-formaldehyde 








(cellulose-filled ) 5.5 

Phenol-formaldehyde 5.1 4.9- 4.6- 4.5- 4.5- 0.010- 0.008- 0.005- 0.005- 0.005- 
(mica-filled ) 5.0 48 4.7 4.7 0.03 0.02 0.009 0.010 0.013 

Polycarbonate 3.17 3.02 2.96 — a 0.0009 0.0011 0.010 _ _ 

Polychlorotrifluoro- 2.7 2.6 2.4 2.3 2.3 0.02 0.027 0.008 0.003 0.004 
ethylene 

Polyester 3.9- 3.9- 4.0- 3.9- 3.9 0.007 0.006 0.010 0.011 0.013 
(glase-filled) 4.1 4.1 4.1 4.0 

. Polyethylene 2.25- a 

(low-density ) . <0. 


Polyethylene E 
(high-density ) 2.35 <0cees 


Polypropylene 


















Polystyrene, normal 








Polystyrene, impact 













Polytetrafluoro- ’ cine 
ethylene (TFE) <Sas 


Polyvinylidene chloride 














Polyvinylidene fluoride 84 80 66 — — 0.049 860.018 = 0.17 _ - 

: Silicone 403 40 395 392 3.85 0.005 0,005 (0.0038 0.005 (0.009 
H (glase-filled ) 

‘ Vinyl chloride-acetate 30- 35- 30 30 28 0.06- 0.06 0.10 003 0016 
copolymer (flexible) 100 70 50 40 32 0.10 0.12 016 007 0.070 
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separation of conductors with a 
difference of electrical potential 
between them, calls for the fol- 
lowing considerations: 

1) The material be of sufficient 
thickness and high enough dielec- 
tric strength for the thickness to 
resist dielectric breakdown. 

2) The material have a suffi- 
ciently high resistivity at the po- 
tential and for the configuration 
to keep the leakage current to a 
sufficiently low level. 

3) The geometry of the con- 
ductor and part be such as not to 
aggravate the loss of dielectric 
strength and insulation resistance. 


ties. Where the component must, 
in addition, withstand severe elec- 


SS 


FIG. 6 
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FIG. 7 


dielectric constant K, resulting in 
redistribution of the potential 
gradient as shown in the drawing. 
One of the more obvious effects 
resulting is that the potential 
gradients are changed, a problem 
that was referred to briefly above. 
Since the dielectric has a dielec- 
tric constant greater than air, the 
potential gradient across it is less 
than it is across air and, therefore, 


since the total potential fall is the 
same, the gradient in the air is in- 
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fer of a-c to certain locations 
where it is undesirable or even 
dangerous, and to prevent “load- 
ing” circuits by capacitively 
High-frequency a-c introduces 
another type of problem into the 
design of the mechanical mem- 
bers, namely, the dielectric loss 
effects. This is the result of the 
fact that all insulators do conduct 
some current in an a-c field, even 
if it is only the current flow due 
to dipole rotation in the material. 
This introduces a resistive compo- 
nent into the characteristic of the 
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material. 
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the source of the a-c power as far 


as is practical. 
3) Using a material of as low a 


as a metal part in the area of the 
field while, at the same time, sec- 









tions of the film may be removed 
if locally insulated areas are re- 
quired. 


Design classification #3 


8) The third classification is 
the one in which the material is 
used for its intrinsic electrical 
properties. 


and low enough loss factor so that 
it may be used as the separating 
film in a capacitor, e.g., Mylar and 
Teflon film capacitors. Other ap- 
plications are in cables and trans- 
mission lines where low (or con- 
trolled) dielectric constant and 
low loss are also important. 
Another related type of appli- 
cation, although not an insulating 
type of application, is the use of 
plastic materials as radomes and 
microwave windows. This applica- 
tion requires very good control of 
material properties and material 


By JAMES F. CARLEY®* 


M ost plastics products and 
components must withstand one 
or more kinds of physical abuse: 
forces tending to bend, pull apart, 
crush, or twist the pieces; sudden 
heavy blows or wrenches; wear 
by rubbing contact and repeated 
impacts; steady forces applied 
over long periods of time; stresses 
induced by temperature differ- 
ences; and rapidly reversing vi- 
bratory stresses. In a few prod- 
ucts, these factors may all be so 
small that some other design 
factor—e.g., optical or electrical 
considerations—may determine 
the product’s dimensions. Gener- 
ally, though, the part will have to 
be sturdy enough to resist satis- 
factorily one or more such forces. 

These forces are resisted by the 
mechanical or strength properties 
of the material, and by the struc- 
tural design of the piece. The size 
and shape of a part to be designed 
will often be closely limited by 
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STRENGTH PROPERTIES AND PRODUCT DESIGN 


other-than-structural design con- 
siderations; eg. an appliance 
handle which must fit the hand 
comfortably. 

Because it is impossible to pre- 
test every possible product under 
all the different kinds of forces 
to which it might be subjected in 
use, certain standard strength 
tests, involving simple shapes and 
loads, have been set up. The in- 
formation from these tests can 
often be used, at least approxi- 
mately, to arrive at the minimum 
piece dimensions needed to with- 
stand the anticipated loads. 

As the shape of the piece grows 
more complex, so does it become 
more difficult to apply the simple- 
shape test results in design. Also, 
many parts must simultaneously 
withstand combinations of several 
stresses of different kinds, acting 
in different directions. The usual 
procedure here is to examine 
each imposed load as if the others 
were absent, then add up, or 
“superimpose” the separate solu- 











required 

values such as resistance, 
inductance, and capacitance. 
There are other areas where this 
type of compound design is al- 
ready in use, e.g. in plastic mag- 
netic materials which may be used 
in a solid magnet or in a film such 
as a magnetic recording tape. To 
cover even a small part of this 
field would require an article 
longer than the present one, but 
the examples mentioned serve to 
illustrate the broad possibilities. 
To summarize this last design 
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design which combines satisfac- 
tory performance with lowest 
cost. 


Tensile properties 

Of all the strength properties, 
tensile properties are most impor- 
tant. These are the properties that 
tell how a material responds to 
forces that are trying to pull it 
apart. These forces are usually the 
critical ones when bending loads 
are present. There are perhaps 
three responses to these forces 
which are of chief interest: 

1) The engineer and designer 
want to know how much pull a 
given piece can withstand without 
breaking or being grossly and 
permanently deformed. This 
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of elasticity, or tensile modulus, of 
the material. The exact value of 
this quantity is closely tied to the 
conditions of measurement, but 
assuming that a piece could be 
stretched uniformly to twice its 
original length—an elongation of 
one unit length—the modulus 
would be the stress required to 
accomplish this stretch. Actually, 
all commercial plastics undergo 
either yielding or rupture long 
before such a stress is reached. 
So the modulus is usually calcu- 
lated as the slope of an early por- 
tion of the graph of stress against 
Strain (Fig. 1, above), or elonga- 
tion. The term elastic modulus 
implies that the material behaves 
elastically, and, when the force is 
removed, snaps back to its orig- 
inal length. This is usually true 
up to a point, called the yield 
stress, at which the molecules of 
the material begin to slip. Raising 
the stress above this point results 
in either a sudden break in the 
material—characteristic of brittle 
materials—or causes it to stretch 
much more than before and to 
remain stretched’ when the force 
is relaxed. In most product design 
it is desirable to work well below 
the yield point, in the elastic re- 
gion. Thus, the elastic modulus is 
usually a more important design 
Property than the strength. 
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FIG. 1: Stress-strain graphs for steel, wood, and three different plas- 
tics are plotted here on logarithmic scales to show detail over wide 
range of data. (Slopes from which moduli are calculated would be those 
obtained with ordinary linear plotting paper and would vary widely 
where these look nearly equal.) Average moduli to 0.1% elongation 
for these materials, in million p.s.i., are: steel, 31; phenolic, 2.4; fir, 
1.9; rigid vinyl, 0.92; and low-density PE, 0.46 (Data taken from 
article by C. H. Adams, referred to on p. 39) 


Tensile stresses are involved in 
all bending applications, and, 
within the elastic range, the de- 
gree to which a bar bends under 
a given load is inversely propor- 
tional to the elastic modulus. 
Thus, modulus can be estimated 
from measurements of bending 
loads and deflections. By similar 
reasoning, because bars being 
bent usually fail by rupture at the 
convex surface, where the tensile 
strength is greatest, the tensile 
strength can also be estimated 
from bending tests. While theo- 
retically this should give nearly 
the same number as the straight- 
pull test, in plastics, because their 
outer skins are usually stronger 


FIG. 2: In laboratory 
tests of high-density 


than their inner sections, the 
flexural strength, as this estimate 
is known, is usually 15 to 35% 
higher than the direct tensile 
strength. Often the flexural 
strength is reported as the ten- 
sile strength without qualification, 
and the designer should be cau- 
tious in applying such values to 
pieces in which uniform tension 
is the chief stress. Elastic moduli 
for plastics range from essentially 
zero for the softest vinyls to sev- 
eral hundred thousand p.s.i. for 
polystyrene and phenolic. Rein- 
forced plastics have moduli in the 
1- to 3-million p.s.i. range. 

The special epoxy-glass lami- 
nates mentioned above have ex- 





: 


PE pipe, time to rup- 
ture increased loga- 
rithmically as applied 
stress was reduced. 
(Curves are based on 
data of K. Richard, 
Farbwerke Hoechst AG, 
Germany). Tests ex- 
tended over 17,500 
hr.; curves were pro- 
jected past that by 
procedure explained 
by W. E. Gloor, MPI 
36, 144, Oct. 1958 
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FIG. 3: Tensile creep behavior of 2-in. Schedule 80 PVC pipe at 73° F. 
These data are taken from an article by J. H. Faupel who also gives an 
accurate method for calculating long-time creep behavior of pipe from 
short-time bursting tests (MP! 35, 132, Aug. 1958) 


hibited moduli of 8 to 9 million 
p.s.i. Comparative values for 
structural steel are 30 million 
modulus and 60,000 tensile 
strength. Special steels have about 
the same modulus but have shown 
strengths up to 500,000 p.s.i. 

3) The third important tensile 
property is the work that must be 
done to rupture the piece. This is 
measured by the area under the 
stress-strain graph. If the stress- 
strain measurements were ob- 
tained at very high testing speeds, 
then this energy is an adequate 
index of how well the material 
will survive shock loads and im- 
pacts. Another way to measure 
this work, in the impact-speed 
range, is to break a piece by im- 
pact with a specially constructed 
hammer, then measure the energy 
given up by the hammer in mak- 
ing the break. This is the basis 
of nearly all impact tests. — 


Creep 


Many materials, if loaded to 
some stress well below the yield 
strength and supposedly in the 
elastic region, and kept under load 
for a long time, gradually stretch 
beyond the initial elastic defor- 
mation. If the load is later re- 
leased, only the relatively small, 
elastic part of the stretch is re- 
covered; the sample has been 
“creeping” along in the direction 
of the load. All plastics creep 
when moderately stressed. The 
rates vary tremendously with ma- 
terial, temperature, and stress, For 
reliable use in design work, the 


creep measurements must be ex- 
tended over long periods, even 
years. Typical long-term creep 
measurements on polyethylene 
pipes are shown in Fig 2, p. 35. 
Tensile creep behavior of 2-in. 
PVC pipe is shown in Fig. 3, above. 
To make use of this data, it is ex- 
pressed as the apparent modulus 
for a given service life under load. 
The apparent modulus is simply 
the applied stress divided by the 
total observed oor expected 
stretching over that period of 
time under that load, at the given 
temperature. The apparent modu- 
lus is then used in place of the 
short-term modulus—the one nor- 
mally tabulated in data sheets— 
in design calculations just as if 
it were a true elastic modulus. 
Creep is important in any plastic 
product that is to be under con- 
tinuous load over long periods, 
e.g., pipe, tennis racquet strings, 
pressure vessels, and bearings. 


Fatigue 

Fatigue is another aspect of 
strength. If a load less than the 
yield strength is applied and re- 
moved (or reversed) repeatedly, 
eventually the test piece “gets 
tired” and breaks. The nearer the 
applied load is to the short-test 
breaking strength, the fewer load 
cycles until fatigue failure. In 
some materials there seems to be 
a definite low stress below which 
failure doesn’t occur no matter 
how many times the stress is re- 
versed; this stress is called the 
fatigue-endurance limit. With 





jet 
i 
H 


| 


pieces 

stress-reversal is arbitrarily taken 
as the design limit. Testing js 
seldom carried beyond 10 million 
cycles (see Fig. 4, p. 37), and, if 
the data are good, this will usually 
be sufficient to estimate the stress 
at 100 million cycles. To take a 
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humidity for a long time befcre 
testing. Generally, modulus and 
strength decrease as temperature 
rises, while impact resistance may 
increase. At temperatures below 
—40°, most plastics are much 
more brittle than they are at room 


melt index 1.5 or less, are tough at 
much lower temperatures. Quan- 
titative data on break-energy at 
these low temperatures are scarce, 
but the brittleness temperature is 
at least a qualitative indicator. 
This is the temperature at which 
5 out of 10 thin test bars, when 
suddenly bent to a sharp right 
angle, break off. 

The most commonly reported 
measure of high-temperature be- 
havior is the deflection tempera- 
ture, often still called by its old 


ture. In tests for this property, @ 
bar is supported at its ends and 
loaded at the center, immersed in 


raised until a point is reached at 
which the center of the bar bends 
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downward a given distance. It can 
be shown that the flexural modu- 
jus of the material at its deflection 
temperature is approximately 
140,000 psi. if the applied stress 
is 264 psi, or 35,000 psi. if the 
applied stress is 66 p.s.i—the other 
of the two approved values. This 
value, together with the room- 
temperature modulus, provides a 
basis for estirnating the short-time 
moduli at intermediate tempera- 
tures. The two points are plotted 
on semi-logarithmic graph paper, 
ss in Fig. 5, p. 38, and approxi- 
mate moduli can be read off di- 
rectly for any in-between tem- 
perature. 

Data on strength at elevated 
temperatures are available for 
many of the glass-reinforced ther- 
mosets in the literature and from 
the makers of resins and lami- 
nates. The resin suppliers can 
also furnish data on the effects 
of chemicals and solvents on 
their materials, as well as on 
their weathering characteristics. 
Weathering is a serious problem 
with many plastics when sections 
are thin, but acrylics, many poly- 
esters, and materials containing 
about 1% of well-dispersed carbon 
black will hold up well outdoors. 


Other modes of stress 


Aside from direct tension and 
tension in bending, there are three 


other simple modes of stressing 


materials: torsion (twisting), 
shear, and compression. Shear and 
compression are always present, 
along with tension, when members 
are carrying bending loads. Occa- 
sionally a failure in bending will 
be traced to exceeding a shear 
strength somewhere, but usually 
tension is the culprit. Horizontal 
shear due to bending is likely to 
be the cause of failure in sandwich 
structures with low- cores 
and high-strength skins. Com- 
pression, which is really negative 


tension, is seldom the basic mech- 


anism of failure in plastics prod- 
ucts, except in those made of 
foamed plastics. When a toy truck 
is stepped on, for example, it may 
look compressed, but it has very 
probably failed because in one or 
more places it was too severely 
bent and either yielded or tore. 

Analysis of situations in which 
twisting loads are applied reveals 
that shear is the basic stress type 
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bar, identical with the first except 
for a cross cut that goes halfway 
through, is pulled in the same 


FIG. 4: Fatigue-test data on an unnotched specimen of polyester 
reinforced with 181 fibrous glass fabric treated with Volan A f 
parts were tested with stress aligned with the warp yarns, aot 


Dota was taken from a paper given by K. H. Boller on results of o 
series of fatigue tests performed on various fibrous gloss-reinforced 
polyester and epoxy resin laminates. (MPI 34, 163, June 1957) 
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FIG, 5: How to use de- 
flection temperoture in 
estimating moduli. 
Here, the elastic modu- 
lus of a phenolic (Durez 
compound 55), 1.5 mil- 
lion p.s.i. at room tem- 
peroture, is plotted top 
left and modulus at 
deflection temperature, 
0.14 million p.s.i. at 
330° F. is lower point. 
Connecting the two per- 
mits approximate esti- 
mation of modulus at 
225° as 0.38 million 
p.s.i. Moduli outside 
temperature range can 
be estimated, although 
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point, the breaking force would 
be very nearly half that of the 
original, uncut bar. Thus, where 
notches are involved, strength can 
actually be increased considerably 
by using less material! Such 
designs, incidentally, are usually 
easier to mold, and are often more 
pleasing to the eye. 


impact service 

The engineering design of pieces 
to resist sharp blows and suddenly 
applied loads is still more of an 
art than a science. Many impact 
situations, on examination, reveal 
that the critical stresses are ten- 
sile in nature. So if high-speed 
tensile-test data were available 
(because an impact is delivered 
over a very short time), it might 
be possible to scientifically design 
at least a part of the products that 
must withstand impact. The 
standard Izod test is very difficult 
to interpret for design use, partly 
because the test specimen is de- 
liberately notched at the point of 
greatest stress—and this magnifies 
locally the applied stress—and 
partly because it is stressed in 
flexure, so even if it were not 
notched the stress would range 
from a maximum tensile stress on 
the side where the hammer strikes, 
through zero in the center of the 
bar, to a maximum compressive 
stress at the rear surface. The 
tensile-impact adaptation of the 
Izod equipment, which was intro- 
duced a few years back, applies 
the blow along the axis of the 
piece rather than across the axis. 
Since the piece is unnotched, the 


less accurately, by ex- 
tending line 


stress is purely tensile and equal 
throughout the piece. In the June 
1956 issue of MODERN PLASTICS 
magazine, p. 199, C. G. Bragaw 
presented the details of this test 
in the article entitled “Tensile- 
impact,” and listed test data on a 
large number of plastics. Data of 
this type should help rationalize 
design of pieces for impact serv- 
ice. But another difficult question 
here, which has little to do with 
material properties, is the accu- 
rate evaluation of the duration, 
direction, and intensity of the im- 
pacts to be received in service. 
Here again, as with pieces bearing 
mixed stresses, prototype testing 
seems a sensible precaution. But 
the test must relate closely to use 
conditions. To illustrate the point, 
here are two examples. 

1) A leading molder of 6/6- 
nylon valve bodies for automatic 
washing machines was quite right- 
ly concerned about the effects on 
the valve bodies of the momentum 
impact (called “water-hammer’”) 
as the solenoids sharply halt the 
fast-running stream of water. To 
make sure his valve bodies were 
not brittle, he squeezed a fraction 
of them in a vise. If they didn’t 
crack, they were considered tough 
enough. Thus, the test was made 
at slow and variable rates of 
loading, at room temperature, on 
dry nylon. In service, the impact 
is probably delivered in less than 
0.1 sec., the nylon is wet and con- 
tains perhaps 10% water which 
acts as a plasticizer and increases 
impact resistance, and it is oper- 
ating in hot or cold water. The 


relevance of the vise test to the 


2) A luggage manufacturer, to 
screen materials for his outer 
shells, made up sample luggage, 
loaded each two-suiter with 20 |b, 
of goods typical of luggage con- 
tents, chilled them to —20° F. (a 
rot unreasonable temperature for 
luggage arriving on a _ winter 
flight), then dropped them from 
a height equal to that of the lug- 
gage compartment of an airliner 
onto a concrete slab in such a way 
that each case struck on a corner. 
One might argue that this test is 
a severe one, but it parallels serv- 
ice hazards closely. 


Hardness 


Two principal kinds of hard- 
ness are measured: resistance to 
indentation by a spherical or 
pointed indenter, and resistance 
to scratching by a sharp point 
dragged on the surface or by rub- 
bing with abrasives. The impor- 
tant point is that, since these two 
kinds of hardness are quite differ- 
ent, they should not be confused 
in selecting materials. Brinnell, 
Rockwell, Barcol, and Shore 
hardnesses are based on indenta- 
tion measurements. In a paper 
presented in January 1961 to the 
SPE, Baer, Maier, and Peterson 
showed that depth of indentation 
with a spherical indenter is a di- 
rect function of tensile strength, 
yield, and modulus. The method, 
which is inexpensive, simple, 
quick, and can be performed on 
small pieces of almost any shape, 
offers a way of gathering strength 
and modulus data at conditions 
for which none are reported. 

The Taber Abraser measures 
the rate at which a test sample 
loses weight by abrasion under 
standardized conditions. Other 
abrasion-based methods measure 
the light-reflectance of the test 
surface before and after abrasion. 


Flex life 


In some products—hinged boxes 
and louvers are perhaps the lead- 
ing examples—the hinges can be 
integrally molded if a material 
can be found that will survive the 
repeated drastic flexing imposed. 
Here the basis for comparison is 
a large deformation rather than a 
stress, as in fatigue, though the 
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two phenomena are similar. Many 
materials cannot be bent through 
a tight 180° angle even once with- 
out breaking. Most metals break 
after a few reverse bends of much 
less than 180°. But a few plastics, 
notably polypropylene and poly- 
tetrafluoroethylene, can be se- 
verely flexed for millions of cycles 
and remain as strong and flexible 
as ever. Such flex properties in a 
rigid material like polypropylene 
opens new design vistas. 


“Memory” 

If plastic flow during molding 
is rapid, as it often is in injection 
molding, and is accompanied by 
fast chilling or curing, the shear 
stresses set up during flow can be 
“frozen” in the piece. If such a 
piece is later warmed to a tem- 
perature near the softening range, 
and it is not restrained, the 
frozen-in stresses will severely 
warp the piece and will tend to 
contract it to a blob. Perhaps the 
most striking demonstration of 
this plastic “memory,” as the phe- 
nomenon is often called, is the 
contraction of oriented polysty- 
rene sheet, when heated, to an 
area one-tenth the original. If a 
piece is to be used at elevated 
temperatures, even temperatures 
well below the softening range, 
some care should be taken in its 
design and molding to minimize 
such frozen-in stresses. Thick sec- 
tions and short flows favor low 
stresses, as do high melt and mold 
temperatures. Stresses in long- 
flow, thin-section pieces can be 
relieved by annealing the pieces in 
jigs after molding. In thermosets, 
the stresses are frequently due to 
differential shrinkage in adjacent 
sections, rather than to cured-in 
flow stresses. These can be re- 
duced by keeping section thick- 
nesses as nearly the same every- 
where as possible, by making 
thickness changes gradually, and 
by increasing structural rigidity 
by ribbing and related devices. 
An excellent introduction to the 
ways of stiffening plastics struc- 
tures was given by Sidney Levy 
in “Designing stiffness into plas- 
tics structures,” MODERN PLASTICS 
36, p. 123, Sept. 1958. The frozen- 
in stresses play another detri- 
mental role, too. Even where 
warping is not likely to be a 
problem, the frozen-in stress may 
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augment the imposed stress, caus- 
ing the part to fail at loads below 
those predicted from normal prop- 
erties. They probably play a part 
in the type of failure known as en- 
vironmental stress-cracking. This 
includes any failure where en- 
vironmental factors contribute to 
failure under stress. Contact with 
certain chemicals, for example, 
even though they do not seem to 
attack the plastic, may cause early 
failure at stress levels substan- 
tially below those safely with- 
stood in standard laboratory tests 
of strength. Low temperatures in- 
crease strength but reduce impact 
resistance and resistance to flex- 
ing. Where molded-in stresses 
exist in a piece, it seems to be 
more susceptible to environmental 
factors. 


Sample problem 


As an example of how strength 
data can be used in structural de- 
sign, consider a panel which is to 
be the top of a piece of electronic 
gear and is to be molded from 
Durez 55 phenolic. The equipment 
generates considerable heat, and 
prototype testing shows that the 
panel will operate at about 225° F. 
for 8 hr. a day. The edges of the 
panel are to be screwed tightly to 
the metal side panels, which have 
enough flexibility so that expan- 
sion and contraction create no 
large stresses. A number of com- 
ponents are fastened to the un- 
derside of the 15- by 24-in. panel, 
making a total load, fairly evenly 
distributed, of 16 pounds. If the 
maximum allowable sag in the 
panel is 0.10 in., how thick will it 
have to be? 

If creep data at this tempera- 
ture were available for this com- 
pound, the apparent modulus cor- 
responding to some reasonable 
operating life would be the value 
to use. In the absence of such 
data, the next best procedure is to 
calculate on the basis of the short- 
time modulus at 225° and apply a 
large safety factor. From the 
graph of Fig. 5, p. 38, the modu- 
lus of this compound at 225° F. is 
found to be about 380,000 p.s.i. 
Over an operating life of 10,000 
hr. (five years of five-day weeks 
at 8 hr. per day), the apparent 
modulus of this phenolic resin 
should be one-fourth this value or 
more. So use a modulus of 100,000 


p.s.i. in the design formula. This 
formula may be found in 
strength-of-materials texts (e.g., 
p. 155 of Timoshenko’s “Strength 
of Materials,” Vol. Il, D. Van Nos- 
trand, publisher), and is 
d=Cqa‘/Eh’ 


where 

d= the maximum deflection at 
the center of a uniformly loaded 
rectangular plate with clamped 
edges, in inches. 

C is a shape factor that is tabu- 
lated for various ratios of length 
of longer side to shorter side of 
the plate. 

q =the areal load on the plate 
in p.s.i. 

a=the length of the shorter 
side of the plate, in inches. 

E = the elastic modulus, in p.s.i. 

h = the plate thickness, assumed 
uniform all over, in inches. 

In our problem, d is 0.10 in., 
q is 16/(15 x 24) = 0.0445 psi, 
a is 15 in., and E is 100,000 p.s.i. 
Entering the shape-factor table 
(not given here) with b/a = 1.60, 
we find C to be 0.0253. It only re- 
mains to solve the equation for h’ 
and look up the cube root of the 
solution. The result is 0.179 in., 
the minimum thickness that will 
meet the static load and deforma- 
tion requirements. 


Other sources 


Kindred terms are defined in the 
annually revised book, “ASTM 
Standards on Plastics,” a valuable 
reference for designers of plastics 
products. Test data may be found 
in the MCA publication, also re- 
vised annually, “Technical Data 
on Plastics;” some of the data in 
this book is reproduced in recent 
editions of “Handbook of Chem- 
istry and Physics,” (Chemical 
Rubber Publishing Co.) and in 
Lange’s “Handbook of Chemis- 
try” (Handbook Publishers Inc.). 
Valuable data on individual com- 
pounds are included in this Ency- 
clopedia in the advertising pages. 
At least a score of meaty articles 
have appeared in MODERN PLASTICS 
magazine during the past five 
years. An excellent comparison of 
the members of the family of 
plastics with other important ma- 
terials of construction is made by 
C. H. Adams in an article entitled 
“Plastics—Engineering Materials,” 
which appeared in MODERN PLAS- 
tics, July, 1956. 





THE THERMAL CHARACTERISTICS OF PLASTICS 


By JAMES F. CARLEY* 


W... softening point and de- 
flection temperature of plastics 
are often thought of as thermal 
properties, they can also be 
looked upon, respectively, as the 
temperature at which the yield 
strength becomes zero, and the 
temperature at which the elastic 
modulus (specifically, flex mod- 
ulus) has dropped to either 140,- 
000 or 35,000 p.s.i. (See “Environ- 
mental considerations,” p. 36.) 
From the designer’s standpoint, 
they are structural rather than 
thermal properties, and are treated 
in the article on strength proper- 
ties. The present article will be 
concerned with properties relat- 
ing to heat transmission and ac- 
cumulation in plastics, with ther- 
mal expansion, and with how 
these properties relate to product 
design. 


Thermal expansion 


If a plastic bar is carefully 
measured, then heated slowly and 
evenly, and its dimensions re- 
measured at regular temperature 
intervals, they will be found to 
increase in proportion to the tem- 
perature rise. The increase in 
length for a 1° change in tem- 
perature, if divided by the origi- 
nal length, gives the linear coef- 
ficient of thermal expansion, in 
in./in. per °C. or °F. A closely 
related figure is the fractional in- 
crease in the volume of the piece 
per degree rise. This is the cubi- 
cal coefficient of expansion, and 
to a good approximation, it is 
three times the linear coefficient. 

Not all materials expand by an 
equal ratio in all directions. Most 
ceramics expand much less than 
plastics; so in plastics reinforced 
with aligned glass fibers, for ex- 
ample, the linear expansion co- 
efficient is likely to be slightly 
larger than that of glass in the 
direction of the fibers, and con- 
siderably larger in the perpendic- 
ular direction. But in most mold- 
ing and extrusion materials, 
expansion of parts that do not 
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harbor molded-in stresses is 
fairly uniform in all directions 
when heating is slow enough that 
no large temperature differences 
are set up inside the piece. How- 
ever, in many injection molded 
parts requiring fast filling and/or 
long flows, frozen-in stresses are 
so severe that such parts will first 
expand and then shrink in the 
flow direction as they are warmed 
from room temperature to tem- 
peratures near the softening 
range. Even the cubical expan- 
sion coefficient may be irregular 
if there is a change of phase from 
crystalline to amorphous, or the 
reverse, during heating or cool- 
ing. Many parts have been molded 
in which frozen-in stresses were 
so great that the parts distorted 
even at room temperature. Mini- 
mizing such stresses is much more 
a matter of piece and tool de- 
sign, and molding technique, than 
of material selection; therefcre, in 
the following discussion, it is as- 
sumed that froze-in stresses are 
absent. 

Thermal expansion can become 
a crucial design factor in those 
applications where a plastic is 
used in contact with other mate- 
rials of different expansion coef- 
ficients. No one is going to worry 
about the increase in length of a 
solid plastic saucepan handle 
which is heated to perhaps 150° 
F. over a stove, because it is free 
to expand in all directions and 
the small changes in the dimen- 
sions will not affect its function 
or appearance. But if the handle 
is to be tightened against its 
socket in the pan by a steel screw 
that runs lengthwise through it, 
the designer would do well to 
make sure that the compressive 
strength of the plastic is not ex- 
ceeded when differential expan- 
sion puts on the squeeze. 

For a sample calculation of a 
simplified version of this type of 
assembly, suppose a cylindrical 
piece of cellulose acetate butyrate 
0.80 in. in diameter and 10 in. 
long is screwed against a wall 
with a central bolt of steel, as 


shown in Fig. 1, p. 41. Assume 
the bolt is made snug at room 
temperature, 75° F., and that the 
assembly is heated to 175° F. At 
this temperature the modulus of 
butyrate would be about 100,000 
p.s.i./(in./in.), and its linear co- 
efficient of expansion about 
0.00008 in./in., °F., while that of 
steel is one-tenth this figure, 
Thus the plastic part would try 
to expand to a new length of 
10 x 100 x 0.00008 + 10, or 10.08 
inches. The bolt, however, would 
expand to only 10.008 inches. The 
difference, 0.072 in., would have 
to be made up by compression 
of the plastic and tensile stretch- 
ing of the bolt. Since the area of 
contact under the bolt head is 
less than three times the cross 
section of the bolt stem and the 
modulus of steel is 300 times that 
of the butyrate, the tensile 
stretching of the bolt would be 
negligible. Compressive stress de- 
veloped in the plastic next to the 
bolt head would be, therefore, 
100,000 p.s.i. (in/in.) x 0.0072 
in./in., or 720 p.s.i. This is in the 
neighborhood of half the compres- 
sive strength of butyrate at 175° 
F., so the plastic part would not 
be crushed on the first heating. 
But it would not be long be- 
fore creep and stress-relaxation 
mechanisms would reshape the 
butyrate piece to relieve this 
stress to a much lower value and 
the butyrate cylinder would be- 
come loose on the bolt. 
Analogous shear problems arise 
when multilayer structures are 
built up by bonding or fastening 
sheets or bars of plastics to sheets 
or bars of ceramics. Consider the 
simple case of a structure made 
up of a sheet of plastic sand- 
wiched between two aluminum 
skins, and bonded to them with 
epoxy adhesive. Both the adhesive 
and the plastic, when heated, will 
try to expand further than the 
metal, and a shear stress is set 
up at the interface, and in the 
material, even when the sandwich 
is not externally restrained as was 
the butyrate rod. This situation 
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js turned inside out when alumi- 
num honeycomb is used as a core 
material and glass-fiber-rein- 
forced polyester as the skins. 
Here the interfacial bond area is 
so small that thermal-expansion- 
induced shear stresses can be dan- 
gerously high. Once the core has 
sheared away from the skins, the 
great rigidity typical of such 
sandwich structures is lest, and 
the way is opened for tensile fail- 
ure in bending, etc. 

A clever designer can some- 
times turn differential expansion 
to advantage. Thus, the accurately 
known differential expansion of 
steel and brass is utilized in bi- 
metallic fingers that make and 
break circuits in heating controls. 
Similarly, a sheet structure with 
a slightly convex top surface made 
of sheet plastic with a metal skin 
bonded to its lower surface would 
tend to become more convex, and 
to develop tensile stress in the 
topmost fibers and compressive 
stress on the underside, as its 
temperature rose. These stresses 
are just the opposite of those 
caused by a downward load on 
the top surface. In this way it 
should be possible to keep the 
load-bearing capacity of such a 
structure fairly constant over a 
wide range of temperature. The 
principle should find utility in 
many shell and sheet structures. 


Specific heat 


The heat capacity of a material 
is defined as the amount of heat 
required to raise the temperature 
of a unit mass of the material ex- 
actly one degree. In the English 
system, heat capacities are nor- 
mally expressed in B.t.u./Ib., °F.; 
the common metric unit is the 
cal./g., °C., B.tu. and cal. being 
defined in terms of the heat ca- 
pacity of water. That is, each is 
defined as the heat required to 
raise the temperature of a unit 
mass of cold water by just one 
degree. 

This way of defining the heat 
measures has two useful conse- 
quences: 1) the heat capacity of 
water is, by this definition, exactly 
1000 in either system at the 
standard temperature; 2) the heat 
Capacity of any material is nu- 
merically the same no matter 
which of these two sets of units is 
used. It also turns out that very 
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few materials have heat cepacities 
greater than that of water. For 
most organic compounds, includ- 
ing plastics, the values range 
between 0.2 and 0.7 cal./g/°C. 
Among plastics, the fluorocarbons 
are lowest with values of 0.22 to 
0.25, while polyethylene is highest 
with 0.55 to 0.6. Minerz: fillers 
tend to lower the heat capacities 
of plastics. 

The ratio of a material's heat 
capacity to that of water is called 
the specific heat, and is numeri- 
cally equal to the heat capacity. 
Though it is a unitless ratio, it 
has come to mean the same thing 
as heat capacity, with units. 

Specific heat seldom enters, 
alone, into the design of plastics 
products, partly because the range 
is so narrow that the choice is not 
important, and partly because it 
is relevant only while tempera- 
tures are changing. (Processors, 
of course, are very interested in 
the specific heat, since it tells them 
how much heat will be needed to 
raise and lower the temperatures 
of various plastics through any 
given temperature intervals.) 


However, when time and tempera- 
ture are tied together in heat-up 


and cool-down applications, then 
specific heat, together with other 
properties, comes into play. 


Heat conduction 


Consider the flat plastic slice in 
Fig. 2, p. 42. This can be thought 
of as a small section cut out of a 
large sheet. The temperature on 
one side of the sheet is high, on the 
other side it is low; both tempera- 
tures are steady in time and are 
the same all over their respective 
sides. The sheet is equally thick 
everywhere, and its length and 
width are large in comparison to 


FIG. 1: Butyrate cylin- 
der (shown in section) 
screwed down with 
steel bolt. As tempera- 
ture rises, differential 
expansion causes bolt- 
head to compress plas- 
tic at its left 


the thickness. Because of the dif- 
ference in temperature, heat flows 
through the sheet from the hot 
side to the cold side. This situation 
is approximated in many insula- 
tion applications. 

Fourier’s law of heat conduction 
tells how fast the heat is flowing: 
q=kA (t.—t,)/x 
where q = the steady rate of heat 

flow 
k = the thermal conductiv- 
ity of the sheet plastic 
A = the facial area of the 
sheet (same on both 
sides) 

t.—t, — the change in tempera- 
ture from one surface 
to the other 

x = the sheet thickness 

This equation defines thermal con- 
ductivity, and shows that the 
thermal conductivity is equal to 
the heat flow for one unit area of 
such a sheet which is just one unit 
thick, when the temperature dif- 
ference is one degree. Thermal 
conductivity, sometimes called the 
“k factor,” is usually expressed 
either in cal/sq.cm., sec., (*C/cm), 
as in the Plastics Properties 
Charts, opposite p. 26, or in 
B.t.u./hr., sq. ft., (°F ./ft.). Because 
insulating materials are usually 
used in thicknesses less than one 
foot, the thickness unit is some- 
times (inconsistently but handily) 
given in inches, and k is reported 
in B.t.u./hr., sq. ft. (°F./in.), as 
in the Foamed Plastics Chart, p. 
60. To convert from the metric- 
system unit to the consistent Eng- 
lish unit, multiply the metric 
value by 242; to the inch-based 
English unit, multiply the metric 
vatue by 2903. 

The thermal conductivities of 
pure resins, like their specific 
heats, are grouped in a narrow 
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band, though the range of values 
for all materials is wide. At the 
low end of the scale among plas- 
tics are the styrene polymers with 
k’s of about 0.0002 metric unit, 
while high-density polyethylene 
leads the family with 0.0012 unit. 
These values place plastics at the 
bottom of the thermal conductiv- 
ity spectrum among solid mate- 
rials. The only solids with smaller 
k values are those containing sub- 
stantial fractions of “dead” air or 
other gases, such as cork, felt, 
balsa wood, mineral wool, and, of 
course, the foamed plastics. Thus, 
all plastics are excellent heat in- 
sulators. For comparison, the k 
values for white pine, concrete, 
window’ glass, marble, steel, 
aluminum, and copper at room 
temperature are, in that order: 
0.00036, 0.0022, 0.0012 to 0.0025, 
0.0050 to 0.0070, 0.104, 0.487, and 
0.922 cal./sq. cm./sec./(°C./cm.). 
For low-density rigid plastic 
foams, k values range from about 
0.00005 to 0.00009, or about “%o the 
values of the solid resins, and 
about the same as those of the 
gases that fill most of the volume 
of these foams. 

The thermal conductivities of 
plastics increase slightly with ris- 
ing temperature; for example, k 
for Styron 475, a high-impact 
polystyrene, goes from 0.00029 at 
100° F. to 0.00037 (metric) at 
200° F., its softening point. In 
Fig. 2, the proper value of ther- 
mal conductivity to use in the 
equation would be the average 
value, or k for t = (t, + t,) /2. 
There are almost no readily avail- 
able data on variation of k with 
temperature for plastics, and the 
values normally reported are for 
room temperature. The shrewd 
designer who is dealing with 
higher-temperature applications 





FIG. 2: Sketch of plas- 

tic slab showing dimen- 

sions and temperatures 

involved in heat-con- 

Cold side, duction equations 
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will increase the room-tempera- 
ture k value by about 25% for 
each 100° F. rise of his average 
working temperature above room 
temperature. For example, if he 
were thinking of using Cymel 
3020 in an insulating application 
where the skin temperatures were 
150 and 250° F., corresponding to 
an average temperature of 200° 
F., or 130° above room tempera- 
ture, he would increase the nor- 
mal 0.00106 value to 0.001064 
(130/100) « 0.25 x 0.00106 — 
0.00140 cal./sq. cm., sec., (°C./em.). 

Another source of variation in 
k values is directional variation 
in certain reinforced plastics, par- 
ticularly those containing glass 
fibers that run lengthwise in cer- 
tain specified directions. In such 
materials, k is likely to be nearly 
equal to the glass value, about 
0.002, in the fiber direction, but 
near midway between resin and 
glass values, or about 0.001, in the 
directions perpendicular to the 
fibers. Inclusion of mineral fillers 
helps to level this difference, and 
in molding compounds—where 
the glass fibers are fairly ran- 
domly oriented—the directional 
differences disappear. 

Finally, k varies with composi- 
tion. The k of a filled compound 
can be estimated from the k’s of 
the filler and resin by using the 
volume-weighted average of the 
two numbers. For example, in the 
glass-filled polystyrenes, it can 
fairly be assumed that the glass is 
randomly oriented in molded 
pieces. Suppose there is 32% by 
weight of glass in the compound, 
or 32 parts of glass to 68 parts of 
resin. The specific gravity of glass 
is about 2.6, of polystyrene about 
1.05. Glass has a k of about 
0.0020 metric unit. Thus there are 
32/2.6 = 12.3 parts by volume of 






glass and 68/1.05 = 64.7 parts of 
resin. The estimated k is given by: 
(123 x 00020 + 647 y 
0.00028) /(12.3 + 64.7) = 0.00056 
cal./sq. cm., sec., (°C./cm.). 

The variation of k with com- 
position can be used to make 
plastic materials more heat-con- 
ductive, a desirable characteris. 
tic in many plastic tooling appli- 
cations. Highly conductive metal 
fillers are used. Maximum con- 
ductivity is obtained if the metal 
filler is in the form of long fibers 
or foils, rather than powder, since 
the high conductivity of the metal 
is thereby continued over long 
distances within the molding or 
casting. 


Heat-conduction 
design problem 

To show how thermal conduc- 
tivity figures are used in design, 
consider the problem of designing 
the insulation for a 1-gal. picnic 
jug. For simplicity, assume that 
the jug has the shape of a squatty 
cylinder and that the insulation 
will be the same thickness every- 
where. 

The designer of this jug is 
anxious to offer a premium- 
quality jug that will be rugged 
and will keep cold drinks a long 
time even when the jug is in the 
sun. Specifically, he desires that 
the precooled jug filled with a 
mixture of 30% ice cubes and 
70% water, will still have a bit 
of ice in it 8 hrs. later. Measure- 
ments made show that a jug left 
in a closed auto parked in the sun 
may experience outside surface 
temperatures as high as 160° F. 

In one proposed design, the in- 
side container is to be blown from 
polypropylene, the outside skin is 
to be fabricated from aluminum 
alloy, and the space between is to 
be filled with expanded-in-place 
polyurethane foam. The wall 
thickness of the liner is to be 80 
mils. How thick should the in- 
sulation be? 

It is irecognized here that the 
insulation is a hollow shell, some 
of which is curved, so some ap- 
proximations will be needed to 
make the problem fit the simple 
slab equation given above. In the 
circular shell, for instance, the 
inside surface area is smaller than 
the outside area. Also, the latter 
is not known until we know the 
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thickness of the foam. Another 
point is that the insulation will be 
thicker, effectively, at the top and 
bottom corners than elsewhere, 
even if the corners are rounded to 
maintain equal actual thickness. 
But if this is ignored, the error, a 
small one, will be in the direction 
of safety. Too, it is not hard to 
show, if the foam is two or more 
times as thick as the liner skin, 
that the liner contributes negligi- 
bly to slowing the flow of heat. 
And, of course, the aluminum 
skin does nothing (except possibly 
by reflecting the direct rays of 
the sun) to keep out the heat. So, 
essentially, the foam must do it 
all. We also assume that the rate 
of heat flow is constant, that is, 
by precooling the jug, we bring 
all the temperatures down to their 
steady-state values. 

To estimate the area, start with 
a guess that the insulation will 
turn out to be between 1 and 2 in. 
thick—say 1.4 inches. (If this is 
later found to be a bad guess, the 
calculations can be repeated with 
the first calculated thickness as a 
starting figure.) Let the depth of 
the inner container be equal to its 
diameter, since this ratio gives the 
least surface per unit volume. For 
l-gal. capacity, the diameter and 
height work out to 6.70 inches. 
The radius to the center of the 
foam, then, is 3.35 + 0.080 + 
0.70 — 413 inches. The height 
from the center of the foam at the 
bottom to the corresponding point 
at the top is 6.70 + (2 « 0.08) + 
(2 < 0.70) — 8.26 inches. Thus the 
average area perpendicular to the 
heat flow is the combined top and 
bottom and sidewall areas of a 
cylinder 8.26 in. in diameter and 
height. This approximate area is 
2x (3.14 & 4.13 « 4.13) + (3.14 
X 8.26 « 8.26) = 321 sq. in, or 
2.23 sq. feet. The true thickness, z, 
which was guessed at, is still un- 
known. For a 2-Ib. density ure- 
thane foam, blown with fluorin- 
ated hydrocarbon, the chart on p. 
60 gives a k value of at most 
0.17 B.tu/hr., sqft, (°F-./in.). 
Our temperature difference is 
160 32 = 128° F. The heat- 
flow rate, q, is found from the 
quantity of ice melted in the 
8-hr. period. One gallon of the 
ice-water mixture mentioned 
above would weigh 8.07 lb., of 
which 2.42 Ib. are ice. It takes 144 
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B.t.u. to melt one Ib. of ice, so the 
heat-flow rate is 2.42 x 144/8 = 
43.5 B.t.u./hr. Now the thickness 
can be found from Fourier’s law: 
x= kA (t. — t,)/q = 0.17 x 
2.23 128/435 = 1.12 inches. 
This is near enough to the “guess- 
timated” thickness of 1.4 in. so no 
correction need be made. (The 
final value here would be 1.08 in., 
but correction of some of the 
simplifying assumptions would 
make up the difference that is in- 
volved.) 


Heat-up, cool-down problems 

In some design work, particu- 
larly the design of certain indus- 
trial heat barriers, the heat 
source is applied for a short time 
and the critical (thermal) design 
question goes something like this: 
What barrier thickness is needed 
if the outside is periodically ex- 
posed to a very high temperature 
and if the inside is not to exceed 
a certain temperature limit at any 
time? Related questions for 
housewares designers are: Will 
the handles of the automatic 
toaster get too hot to touch when 
it is supplying toast for breakfast 
for a large family? To what max- 
imum temperature does a poly- 
ethylene garbage can build up 
when set out in the sun in the 
morning for an afternoon collec- 
tion? And so on. 

Studying these various ques- 
tions, it can be readily seen that 
they have one feature in common 
—and that is the time element 
accompanying the temperature 
change and the heat flow. 

Space does not permit examin- 
ing such a problem in detail here. 
But the relevant thermal prop- 
erty is known as thermal diffusiv- 
ity, which is actually a combina- 
tion of three other properties and 
is defined as the thermal conduc- 
tivity divided by the product of 
specific heat times density. Ther- 
mal diffusivity can be measured 
directly by setting up transient 
heat flows in the laboratory, so 
data at various temperatures are 
sometimes available on thermal 
diffusivity for plastics whose con- 
ductivity, specific heat, and den- 
sity are known only at room tem- 
perature. 

Since density is the reciprocal 
of specific volume, its temperature 
variation can be calculated if the 


coefficient of thermal expansion— 
cubical preferred, but linear will 
do—is known. 


A thermal property that enters 
into the design of some products 
is the degree to which the mate- 
rial surface absorbs heat radiation 
that strikes it. Such radiation is 
present in sunlight, incandescent- 
lamp light, firelight, etc.; it makes 
up most of the energy radiated by 
all types of hot bodies. Whatever 
energy strikes a surface must 
either be absorbed, passed 
through, or reflected. Absorption 
of radiant heat causes the absorb- 
ing body to get hotter. The fact 
that you get warm when you 
stand in sunlight or when you 
stand near a fire is a good illus- 
tration of the theory involved in 
this principle. 

Thin skins of transparent plas- 
tics transmit some of the incident 
heat rays, but with opaque mate- 
rial transmission is nil, leaving 
only reflection or absorption. A 
hypothetical material that absorbs 
all the incident radiation is called 
a “black body,” from the fact that 
bodies which look black are usu- 
ally excellent absorbers. Materials 
are rated by their absorptive ca- 
pacity relative to that of a black 
body, and this property (because 
it is directly related to the radia- 
tion ability of the body) is known 
as emissivity. Dark-colored, rough 
surfaces have emissivities near 1.0, 
while light-colored, polished sur- 
faces are poor absorbers and have 
low emissivities but high refiec- 
tivities. The best reflectors are 
highly polished metal surfaces, 
with emissivities in the range 0.02 
to 0.1. A smooth plastic surface, 
metallized with aluminum and 
protected with an untinted lac- 
quer, should have an emissivity 
of about 0.06. The following rough 
scale of emissivities can be used 
for comparison: black phenolic 
moldings, matte finish—0.95; black 
polyethylene film—0.9 or more; 
moldings with “intense” and 
“bright” colors, smooth surfaces— 
0.8 to 0.9; glossy, white moldings 
—0.7 to 0.8. From these values it 
should be clear that, from the 
standpoint of heat-energy absorp- 
tion, there is not much choice 
among opaque plastics: they all 
absorb most of the incident radia- 
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tion. Only by metallizing the sur- 
face can absorption be reduced 
substantially. 


More complex problems 

In tackling more complex prob- 
lems and problerns involving tem- 
perature transients and radiation, 
the designer can find help in 
Section 6 of the “Chemical Engi- 


neers’ Handbook,” 3rd ed. (Mc- 
Graw-Hill), in Jakob’s two-vol- 
ume work, “Heat Transfer” 
(Wiley), and in many other works 
dealing with the flow of heat in 
solids. The more complex cases 
usually rely heavily on sophisti- 
cated mathematics to facilitate 
their solutions. 

Mention should also be made of 


the Plastics Properties Chart, op. 
posite p. 26, which lists individual 
thermal characteristics of all com- 
mercially available plastics resins 
and molding compounds. Readers 
are also referred to the articles on 
the various plastics that appear in 
the Resins and Molding Com- 
pounds section. Index to this sec- 
tion is on p. 81. 


PLASTICS VS. CORROSION 


By R. B. SEYMOUR* 


M...:: corrode through an 
electrochemical process in accord- 
ance with their position in the 
electromotive series. Thus, the 
metals below hydrogen have rela- 
tively good resistance to electro- 
lytic corrosion. In contrast, many 
of the metals above hydrogen in 
this series will react with water. 

Plastics, on the other hand, are 
not subject to electrolytic corro- 
sion, but they can be compared in 
a corrosion-resistance series as 
shown in Table I, below. As in 
the case of metals, one must rec- 
ognize the relative resistance of 
plastics to corrosives, as well as 
their utility and cost. 

Unlike metals, some plastics are 
softened and sometimes dissolved 
by organic solvents. The relative 
resistance of plastics to solvents is 
given in Table IJ, p. 45. 

Use of any of these tables is not 
advocated as a substitute for ex- 
pert knowledge or experience. 
gan ks Seay ress tes 


Mary Margaret hran in the preparation of 
this article is appreciated. 


However, they can help in re- 
ducing errors in the selection of 
plastics as useful materials of con- 
struction. 

No one would suggest the use 
of gold, platinum, mercury, or 
silver for routine corrosion- 
resistant applications. Likewise, 
those who have referred to the in- 
formation in Tables I, below, and 
II, p. 45, would be less likely to 
make impractical suggestions for 
the use of specific plastics. 

The principal use of plastics in 
the corrosion field is as coatings, 
linings, cements, trowelling com- 
positions, sealants, piping, valves, 
ducts, hoods, blowers, panels, and 
vessels (see Table III, p. 46). 

Protective coatings: A pinhole- 
free plastic coating having a 
thickness of 5 mils applied over a 
properly prepared surface will 
give satisfactory service in the 
absence of organic solvents. Many 
of the plastics in Groups 2, 3, 4, 
and 5 in Table I, below, can be 
used. However, because of avail- 
ability and economics, those with 





TABLE |: Corrosion-resistant series for plastics 





Group 


1) Polyvinyl alcohol, polyethylene glycol, methyl cellulose 

2) Polyvinyl acetate, cellulose acetate, cellulose acetate butyrate, acrylates, 
polyesters, silicones, polyolefin sulfides, ethyl cellulose, polyvinyl butyral, 
ureas, melamines, polycarbonates, nylon, polyurethanes, alkyds, allyls, 
polyacetal, vinyl chloride-acetate copolymer 
Phenolics, amine-cured epoxy resins, furans 
Asphalt, coal tar pitch, cumene resin, polystyrene, natural rubber, 
acrylonitrile-butadiene-styrene copolymer (ABS), plasticized viny), 
polyvinylidene chloride, neoprene, chlorinated rubber 

5) Butyl rubber, polyethylene, polypropylene, rigid polyvinyl chloride, 


chlorosulfonated polyethylene 


6) Chlorinated polyether, polyfluorocarbon 





good ratings as shown in Table I], 
p. 45, are preferred. Again, these 
recommendations should not be 
considered as substitutes for ex- 
perience or expert knowledge. 
Also, these recommendations 
should not be considered condem- 
nations of any other material. 

There are many case histories 
showing excellent performance of 
vinyl chloride-acetate copoly- 
mers. Over 100 million Ib. of vinyl 
resins are used annually as coat- 
ings. Alkyds and epoxy resins 
have also been used as coatings 
in corrosive atmospheres for pe- 
riods in excess of five years. The 
widespread use of acrylates as 
coatings for automobiles has dem- 
onstrated the endurance of these 
materials. All are available in a 
wide variety of colors. 

Linings: Because tank linings 
are usually installed by experts, 
few failures have been noted. 
Both natural rubber and plasti- 
cized vinyl linings have given 
more than 10 years’ service in hot 
acid pickling tanks. 

Portable vinyl] silos having 90- 
ton capacity, plastic barges for the 
transportation of oil and chemi- 
cals, and plastic liners for storage 
lagoons are all illustrations of 
possible applications of plastics 
for the storage of liquids and 
solids. 

For storage lagoons, liners have 
been made by heat sealing strips 
of polyethylene film. Considerable 
success has been reported with 
the use of vinyl-metal laminates 
in corrosive atmospheres. About 
20 million sq. ft. of this type ma- 
terial is being used each year for 
new installations. By ingenious 
forming and joining techniques, it 
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TABLE Il: Practical indices for plastics vs. corrosion’ 
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Acetal resin 4 

Acrylic resin 6 

Acrylonitrile-butadiene- 
styrene (ABS) 
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Cellulose acetate butyrate 
Chlorinated polyether 
Chlorinated rubber 
Chlorosulfonated polyethylene 
Coal tar pitch 
Cumene resin 
Diallyl phthalate (reinforced) 
Epoxy resin (reinforced) 
Ethyl cellulose 
Furan resin 
Hexafluoroethylene copolymer 
Melamine (resin) 
Melamine (molded) 
Methyl! cellulose 
Neoprene 
Nylon-6/6 
Phenolic (molded) 
Phenolic (resin) 
Phenolic (reinforced) 
Polycarbonate 
Polyester (chemical-resistant) 
Polyester (reinforced) 
Polyethylene 
Polyfluorocarbons 
Polymethyl methacrylate 
Polyclefin sulfide 
Polypropylene 
Polystyrene 
Polytrifluorochloroethylene 
Polyurethane 
Polyvinyl alcohol 
Polyvinyl butyral 
Polyvinyl chloride (plasticized) 
Polyvinyl chloride (rigid) 
Type I 
Type II 
Polyvinyl dichloride 
Polyvinylidene chloride 
Silicones 
Styrene maleic anhydride 
Transpol 
Urea (molded) 
Urea (resin) 
Vinyl chloride-acetate 
copolymer 
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‘Rated empirically from 1 to 10. Higher ratings indicate greater utility. * Cost rated from 1 (highest) to 10 (lowest). 
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is possible to construct inexpen- 
sive ducts, hoods, stacks, and 
similar parts from this corrosion- 
resistant material. 

Cements: Brick and tile joined 
with epoxy cements have given 
excellent service in floor and tank 
construction. These cements have 
excellent adhesion and are resist- 
ant to solvents, salts, alkalies, and 
nonoxidizing acids. 

Dairy floors, made up of tile 
joined with epoxy resin cements, 
have given excellent service for 
over five years. Pre-stressed brick 
structures joined with plastic 
cements are finding increased ac- 
ceptance in this country. A chlori- 
nating tower of this type approxi- 
mately 60 ft. tall has given six 
years of service at temperatures 
up to 875° F. 

Trowelling compositions: Epoxy 
and polyester resins may be rein- 
forced by fillers containing cata- 
lysts to provide trowelling com- 
positions. These materials may be 
used for the construction of mono- 
lithic floors in food or chemical 
plants. Resistance to abrasion may 
be provided by sprinkling sand on 
the uncured surface. 

Even better resistance to slip- 
page has been obtained by using 
Carborundum as a filler with 
epoxy resins. Such compositions 
are now being used on sidewalks, 
highways, and bridges to reduce 
the danger of skidding. 

Many maintenance engineers 
have prevented shutdowns by 
using these compositions to plug 
leaks and patch tanks and vessels. 
Through the use of a combination 
of glass cloth and resin, it is pos- 
sible to repair large areas. Leak- 
ing water mains, for example, 
have been repaired by wrapping 
the lines with epoxy resin-im- 
pregnated fibrous glass cloth. 
Similar techniques have been 
used for repairing leaking duct 
work. Proprietary patching sys. 
tems consisting of metal pieces, 
fibrous glass reinforcement, and 
epoxy resin cements are now 
available. Some of the successful 
case histories have resulted in 
savings of considerable sums of 
money and extended the life of 
antiquated equipment. Obviously, 
the same technique can be used 
on worn sections before failure. 

These procedures have also 
been used to repair cracked swim- 
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TABLE Ill: Some typical applications of plastics 


in corrosive environments 





Protective coatings (general-purpose) (5 to 10 mil) 


—— 





Vinyl chloride-acetate copolymer, alkyds, epoxy resins, or acrylates 


Linings (60 to 250 mil) 





Natural rubber, plasticized polyvinyl] chloride 


Cements for joining brick or tile 
Epoxy resin 
Trowelling compositions 








Epoxy resin, chemical-resistant polyester resins 


Sealants 


Polyolefin sulfide, Neoprene, epoxy resin 


Piping 


Polyethylene, acrylonitrile-butadiene-styrene copolymer (ABS), rigid poly- 


vinyl chloride, butyrate, polypropylene 


Valves 


Chlorinated polyether, rigid polyvinyl chloride 


Ducts, hoods, blowers 





Rigid polyvinyl chloride, reinforced epoxy or polyester resin 


Panels 


Chemical-resistant polyester resins 


Vessels 


Rigid polyviny] chloride, polyethylene, reinforced epoxy or polyester resin, 


polypropylene 





ming pools and damaged steam 
chests. In both cases, it is usually 
advantageous to coat the entire 
surface in addition to the damaged 
areas. 

Epoxy resin-impregnated glass 
cloth has also been used to form 
an insert liner within leaking 
vessels. This procedure has even 
been used successfully for repair- 
ing damaged brick-lined tanks. 

A reinforced epoxy resin lining 
of this type was recently placed 
inside a large badly-corroded po- 
table water tank at Lansing, 
Michigan: The composite struc- 
ture was at least as good as the 
original tank. Similar insert lin- 
ings are now being used success- 
fully in commercial fishing boats. 

A 200,000-gal. concrete tank 
lined with polyester resin rein- 
forced with glass fibers was used 
to store 37% formaldehyde. There 
was no sign of attack after two 
years of service. 

Epoxy resin reinforced with 
glass cloth was used to protect 
steel and concrete surfaces in the 
Plumbrook Reactor of the Na- 
tional Aeronautics and Space Ad- 
ministration at Sandusky, Ohio. 
In addition to intense gamma ra- 
diation, the epoxy resin composi- 


tion withstood boiling distilled 
water, jet fuel, and salt spray for 
over 1000 hours. The 2-ft.-thick 
coated concrete wall was 1000 ft 
in diameter. 

Sealants: Flexible solvent-re- 
sistant sealants can be prepared 
by compounding liquid polyolefin 
sulfide (Thiokol) or Neoprene 
with fillers and curing agents. 
Both have been used where flexi- 
bility is required but Thiokol is 
preferred in the presence of aro- 
matic solvents. 

Thiokol-based sealants have 
been used to fill cracks in jet fuel 
storage tanks, and in automotive, 
marine, and aeronautical struc- 
tures. Many curtain walls in 
modern buildings are sealed with 
such compositions. 

Piping: Plastic pipe may be ex- 
truded or fabricated using almost 
every plastic material listed in 
Table I, p. 44. However, practi- 
cal considerations place limita- 
tions on the usefulness of most of 
these materials as general-pur- 
pose pipe. 

Polyethylene pipe is flexible and 
readily available. Because it is 
supplied in long lengths in the 
form of coils, the number of joints 
may be held to a minimum. This 
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type pipe accounts for 65% of all 
plastic pipe used in the United 


rene copolymer (ABS) and rigid 
polyvinyl chloride account for 
9 and 10% respectively of the 
present plastic pipe market. Both 
are rigid and may be joined by 
threaded fittings, flanges, or sol- 
yent-welded fittings (SWP). 
Thousands of miles of plastic 
pipes have been installed and are 
performing satisfactorily. Typical 
applications include the following: 
1) More than 50 miles of Schedule 
10 Type 2 rigid vinyl chloride 
pipe has been installed on wash- 
down systems on ships for the 
U. S. Navy; 2) Fifteen miles of 
Type 2 rigid vinyl pipe were in- 
stalled in an irrigation system in 
California. In addition to econ- 
omy, this pipe permits the distri- 
bution of liquid fertilizers and in- 
secticides along with the irrigation 
water; 3) Over a thousand miles 
of plastic pipe have been installed 
for gas transmission lines. Case 
histories on ABS pipe have cov- 
ered a period of 10 years service 
with 6000 miles of this type pipe. 
Similar pipe used in a rotary filter 
handling acid, ferric chloride, and 
sludge is still operating satisfac- 
torily after 11 years of service at 
the Sanitation District of Chi- 
cago; 4) Many miles of 5-in. poly- 
ethylene tubing have been pro- 
duced in England for emergency 
use. During a drought in the sum- 
mer of 1959, a one-mile section 
was laid in 6 hr. to provide the 
city of Manchester with an addi- 
tional volume of 500,000 gal. of 
water daily; 5) When high pres- 
sures or temperatures above 150° 
F. are encountered, spiral wound 
monofilament-reinforced epoxy 
resin or polyester resin pipe is 
recommended. One thousand ft. of 
reinforced epoxy resin pipe is 
being used to convey flue gas to 
a treatment plant at Battersea, 
England. One mile of 40-in. rein- 
forced polyester pipe is being 
used to discharge acid waste 
water at Monsteros, Sweden; 6) 
A monthly savings of $60,000 was 
reported recently for an installa- 
tion consisting of 30,000 ft. of 
polytetrafluoroethylene-lined pipe 
in a hydrofluoric acid plant. 
Valves: Since the cost of fabri- 
cation is much greater than the 
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cost of the plastic material used, 
it is advisable to use the best ma- 
terial for valves. Thus, regardless 
of the type of valve used, the por- 
tion in contact with the corrosive 
liquid should be chlorinated poly- 
ether. As indicated in Tables I, 
p. 44, and III, p. 46, this material 
has outstanding resistance to cor- 
rosives and organic solvents. 

Ducts, hoods, and blowers: 
Rigid polyvinyl chloride sheet 
may be formed when heated and 
may be thermally welded to pro- 
duce ducts, hoods, or blowers, 
conforming to any functional de- 
sign. Large structures may be 
supported by steel angle irons 
either at the outside corners or 
at the flanges. 

These structures may also be 
fabricated from reinforced epoxy 
resins. This type composite struc- 
ture permits considerable versa- 
tility in design and construction 
methods. Many corrosion-resist- 
ant stacks of unorthodox design 
have been constructed from re- 
inforced epoxy resins. 

Panels: Fibrous glass-rein- 
forced polyester corrugated panels 
are readily available and can be 
used in place of glass in many 
structures. If chemical-resistant 
resins are used, these panels can 
be used as materials of construc- 
tion in the chemical process in- 
dustry. 

For example: A plastic struc- 
ture 42 ft. high constructed from 
corrugated plastic sheets has been 
used to oxidize large quantities of 
chemical processing plant wastes. 

A 120-ft.-tall sulfuric acid fume 
stack was constructed in England 
by joining reinforced polyester 
sections together. 

Pre-stressed reinforced plastic 
panels measuring 26% ft. by 12 
ft. by % in. were used at Hunt- 
ington Beach, California, in the 
fabrication of a salt water screen- 
ing system. 

Corrugated plastics panels have 
been used in many phases of resi- 
dential construction. Providing 
information on previous expe- 
rience is available and their 
limitations are realized, such 
panels joined with an epoxy resin 
cement can also be used in 
countless industrial applications. 
Several seaboard plants have 
protected fences by placing rein- 
forced plastic panels on both sides 


and joining them with epoxy resin 
cement. This strong type partition 
hes many interesting potentiai 
applications. 

Plastic vessels: Large tanks and 
vessels are now being injection 
molded, blow molded, or powder 
molded from polyethylene. Prod- 
ucts such as pails and barrels, 
originally developed for house- 
hold use, have now evolved into 
large carboys that can solve many 
container problems in the chemi- 
cal process industry. 

Larger structures may be made 
by forming and welding rigid 
polyvinyl chloride. These vessels 
may be supported externally by 
steel angle irons or reinforced 
epoxy forms. 

Many large vessels have been 
constructed from fibrous glass- 
reinforced epoxy resin. Water 
softening tanks of this type are 
now commonplace. The thousands 
of reinforced plastic boats in use 
today are not always considered 
as vessels, since the liquid is on 
the outside. Yet it is obvious that 
these structures could _ serve 
equally well as containers to store 
various liquids. 

Likewise, the reinforced epoxy 
radomes erected at the DEW line 
do not contain liquid. Yet these 
40-ft. high structures with 55-ft. 
diameters are very good examples 
of unusual possibilities in plastic 
structures. 

Reinforced plastic tanks with 
capacities of 18,000 gal. have been 
used successfully for liquid stor- 
age. Solvent evaporation is mini- 
mized through the use of floating 
plastic covers. 

Filament winding permits the 
construction of vessels capable 
of withstanding high pressures 
and temperatures up to 250° F. 
Spherical plastic vessels of this 
type have been designed to with- 
stand pressures up to 3000 p.s.i. 
Regardless of the size or specific 
plastic used, plastic vessels are 
performing a real service in cor- 
rosion engineering. The versatility 
of filament winding is demon- 
strated by its use for rifles and 
rocket motors with hoop stresses 
in excess of 100,000 p.s.i. 

Additional information on the 
relative usefulness of various 
types of plastic materials in cor- 
rosive atmospheres is given in 
Table II, p. 45. 
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TYPE OF PLASTIC BASE 


Chart 








. Method of processing 





Two-way 
stretch 
orientation 






Casting, 


extrusion 








Casting, 
extrusion 
























. Forms available 


Rolls 


Sheets, rolls, 
tapes 








Sheets, rolls 


Sheets, rolls 


Sheets, rolls 





Rolls 































































































































































































































ohm. /cm. 




















3. Thickness range, in. 0.001-0.010 0.0005-0.010 0.0008-0.010 0.0011-0.010 0.0005-0.010 0.0005-0.020 
4. Maximum width, in. 43 40-60 40-46% 40 cast 50 15-35 
42 extruded 

5. Area factor* 25,400 23 ,000-22,000 21,,200-21,400 23,400 20,000 12,800 

6. Specific gravity 1.08-1.09 1.28-1.31 1.28-1.31 1.19-1.22 1.42-1.46 2.15 

7. Tensile strength,” p.s.i. 10,000-15 ,000 5,400-13,900 9,000-16,000 4,100-9,700 10,000-11,000 2,500-3,000 

8. Elongation,” percent 20-60 25-45 10-40 40-100 30-40 300 

9. Bursting strength,© 1 mil - 30-70 50-70 50-70 40-50 ~ 
thickness, Mullen points 

10. Tearing strength,’ gm. - 2-25 4-6 3-5 - 125 

ll. Tearing strength,* Ib. /in. ~ 55-415 55-395 80-105 - - 

12. Folding endurance‘ - 250-400 3,500-4,000° 1,200-1,500° 50-250 - 

13. Water absorption, * - 3.6-6.8 3.54.5 0.1-3.4 1.5-2.0 0.00 
24 hr., percent 

14. Water vapor 0.4-0.5 1.4-8.8 4.8-6.0 4.5-6.5 - 0.002 
y <tmeability® 160" 750" 730" 

15. Permeability to gases, co, 210° CO, 12000-17500" High High - co, -— 2 
10°° g./24 hr. /m.?/mm. N, ge ©, 1700-2500" N, -2 
thick./cm. Hg at 21°C., 0, 36" N, 160 ra S. 
O®% R.H. — 40 
RESISTANCE RATING’ 

16. Strong acids G P P G E 

17. Strong alkalies E P P M E 

18. Grease and oils G G G M E 

19. Organic solvents E toP pj Pp! Pp! Pp E 

20. Water E G G G G E 

21. High relative humidity E G G G E 

22. Sunlight E E G P E 

23. Resistance to heat,” °F. 185-220 150-220 300-400 120-180 140 400-450 

24. Resistance to cold,” °F. - - - = = —130 

2S. Change in linear dimensions ~ +0.2 to —3.0 0 to -0.8 +0.1 to —3.0 = <1 
at 100 C. for 30 min. ,* 
percent 

26. Flammability Slow burning Slow to self- Self Slow - Non-F lammable 

extinguishing extinguishing burning 

27. Burning rate," in./sec. - 0.3-2.2 0.2-0.4 1.0-2.4 - - 
ELECTRICAL 

28. Dielectric constant, 10° cps. 2.5 4.5 4.5 4.5 7.0 2.0 

29. Dielectric constant, 10° cps. 2.75-3.4 4.4 4.4 4.4 6.4 ~ 
30. Dielectric constant, 10° cps. 2.77 3.2 3.2 2.8 3.74 - 
31. Dissipation factor, 10° cps. 0.007 0.022 0.022 0.022 0.03 0.0006 
32. Dissipation factor, 10° cps. 0.007 0.051 0.051 0.051 0.06-0.09 - 

33. Dissipation factor, 10° cps. 0.011 0.094 0.094 0.75 0.61 - 

4. Dielectric strength, 400-500 250-300 200-300 250-400 250-550 3000 

volts/mil 
35. Volume resistivity, 10'6 1014 - 1933 104 10% - 1012 101° - 191! i10'9 
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Casting, 
extrusion, 
molding 


Extrusion, 
two-way stretch, 
orientation 





Extrusion 











2. Sheets, rolls 
tapes 


Rolls 








Tubing, rolls, 
sheets, tapes 


Rolls, 
sheets 


Rolls, sheets, 
tapes, tubes 





Rolls, sheets, 
tapes, tubes 


Rolls, sheets, 
tapes, tubes 




















































































































3, 0.003-0.020 | 0.0005-0.010 0.002-0.010 0.005-0.010 0.0004-0.010 0.0004 or more 0.0004-0.010 0.0005-0.004 
4. 28-40 60 20 43 480 480 60 48 
5. 24,000 24,000 12,000 23,400 30,000 29,500 29,000 20,000 
6. 1.14-1.16 1.08-1.14 2.1-2.2 1.18-1.19 0.910-0.925 0.926-0.940 0.941-0.965 1.37 
7. 6,800-10,600 9,000 6,300-6,600 8,200-8,800 1,350-2,500 2,000-3,500 2,400-6,100 8000-15000 
8. 25-40 Orients 90-300 4-12 200-800 150-650 150-650 100-190 
9. 50-85 - 42 (2 mil film) - - - e 40 
10. 7-36 - 200-350 - 60-200 50-300 15-300 15-25 
ll. 215-395 1,300 - 340-380 65-575 - - * 
12. >2700 - - ~ Very high Very high Very high Excellent 
13. 2.5-7.5 1.0-1.5 0.00 0.3-0.4 0-0/8 nil nil <0.5 
14. 4.8-14.2~50" 0.3-1.8 0.00 0.5 0.04-0.08 | 1.4” | 0.03-0.06 | 0.7” | 0.02-0.04 | 0.3” | 190 g./100 meters 
sq./hr./mil™ 
15. 0, 3500” co, 160 Very - CO, 12,000}2900"} 9,000 990” |6,200-3,300 | 580” co, <0.5 
co, 7800” 0, 25 low 0, 1,900 550"| 1,500 280" | 800-450 | 185” 0, <0.5 
Ny 1100” (50% R.H.) N, 400 180” - - 100-50 42" N, <0.5 
16. FtoP P E E E E E 
17 E E E E E G 
18. G E E M toG G G-E E 
19. P E E - G° (60°C) G G (80°C) E 
20. E E to P E G E E E E 
21 E EtoP E G E E E E 
2. GtoF - E E FG FG F-G E 
23. 200-250 180-380 300 155-190 200 220 250 220-250 
24 -90 —60 —80 Good —50 —60 —70 —60 
2. Oto —0.7 - - ~ +10.4 to +10.4 to nil 1 
-19.9 —19.9 
26. Slow burning Self- Nonflammable “Slow Slow Slow Slow Slow to 
extinguishing burning burning burning burning Self-ext. 
27. 0.3-0.6 - - 0.1 ~ - - - 
2%. 3.04.1 4.045 2.72 3.5-4.0 2.3 2.3 2.3 6.8-8.5 
2.8-3.9 3.4-3.5 2.43 3.0-3.5 2.3 2.3 2.3 ~ 
30. 2.77 3.02 2.3 2.58 2.3 2.3 2.3 - 
31. 0.002-0.020 | 0.014-0.040 0.050 0.040 0.0005 0.0005 0.0005 1.3 
32. 0.010-0.060 | 0.020-0.040 0.020 0.030 0.0005 0.0005 0.0005 - 
33. 0.046 0.036 0.070 0.009 0.0005 0.0005 0.0005 ~ 
34. 300-500 340-400 530 400 450 500 500 4.1 kv. 
38. 1012-19 10" dry 108 1035 10% 106 106 3x104 


























FILMS CHART 













TYPE OF 
PLASTIC BASE 









. Method of processing 





Casting, 
extrusion 





extrusion 



































2. Forms available Sheets, rolls, Sheets, rolls, Rolls |Sheets, tapes, | Rolls, sheets| ‘Rolls, sheets | Rolls, sheets, 
tapes tapes tubing tapes 
. Thickness range, in. 0.0005 and up 0.00025-0.0075 0.0015-0.0075 | Upto 0.010 | 0.0004 and up| 0.00075-0.020 /0.0005-0.012 








. Maximum width, in. 





50-55 


54 


38 


40-54 


43-60 








Area factor* 





30, 900-31 ,300 





20,000 








20,600 





12,800 


26,100 





26,100 









































eleixioivia|e 

































































































Specific gravity 0.885-0.9 1.38-1.39 1.34 2.1-2.2 1.05-1.06 1.05-1.06 1.21-1.31 
Tensile strength,” p.s.i.|  4,500-10,000 17,000-23,700 8,500 1,500-4,000 | 7,100-12,100 | 8,000-12,000 [| 4,000-10,000 
Elongation,” percent over 200 35-110 4 100-350 3-40 3-20 180-600 
Bursting strength,° 1 mil - 45-60 - - 35-45 23-60 - 
thickness, Mullen points 

10. Tearing strength,’ gm. 32-1,750 10-27 - 10-100 25 6-25 250-800 

11. Tearing strength,* Ib. An. - 650-1,740 - - 270-495 270-495 785-890 

12. Folding endurance‘ Very high 20,000 - - - - - 

13. Water absorption, * 0.005 or less <0.5 0.5 0.00 - 0.04-0.06 80 
24 hr., percent 

14, Water vapor 0.06 0.05-0.15(MP) - 0.0 0.5-0.7 6.0%| 0.5-0.7] 4.0 0.1 
permeability®™ —8.0" 

15. Permeability to gases, - cc, <05 ~ ~ - Air 105") 60"| CO, 200 
10°° g./24 he. /m.? /mm. Oo, <0.5 CO, 1080" }950" 120 
thick. /om. Hg at 21°C., N, <0.5 H, 2420"| — (50% R.H.) 


O% R.H. 












16. Strong acids 


RESISTANCE RATING’ 



































E G G E G G P 
17. Strong alkalies E G M E E E P 
18. Grease and oils G E E E G G E 
19. Organic solvents G E G E EtoP EtoP E 
20. Water E E E E E E P 
21. High relative humidity E E E E E E P 
22. Sunlight F to E M G E GtoF GtoF E 
23. Resistance toheat? °F. 190-220 300 170-220 500 175-200 175-220 G 
24. Resistance tocold? °F. —60 -80 -—40 <=130 —55 —60 - 
25. Change in linear - <0.5 0 (When laminated] ~ —4.6 to —37.4 - —3.2 
dimensions at 100°C. to dimensionally 
for 30 min.,* % stable substrate) 
26. Flammability Slow Slow burning to Self- Nonflammable | Slow burning | Slow burning | Slow burning 
burning Self-extinguishing extinguishing 
. Burning rate," in. /sec. - - - - - - 0.8-0.9 








ELECTRICAL 















. Dielectric constant, 2.0-2.1 3.1 
10° cps. 
29. Dielectric constant, 2.0-2.1 3.0 ~ 2.0-2.1 2.4-2.7 2.4-2.7 - 
10° cps. 
30. Dielectric constant, 2.0-2.1 2.81 ~ 2.0-2.1 2.4-2.7 2.4-2.7 ~ 
10° cps. 
31. Dissipation factor, 0.0003 0.005 ~ 0.0002 0.0005 0.0005 = 


10° cps. 





Dissipation factor, 
10° cps. 





0.0003 


0.016 





0.0002 





0.0005 





0.0005 








33. Dissipation factor, 


0.0003 


0.021 











- 0.0002 0.0005 0.0005 - 
10° cps. 

34. Dielectric strength, 750-800 4000 (2-mil film) - 430 400-600 400-600 - 
volts /mil 

35. Volume resistivity, 10'6 102 ~ 1018 106 10% - 


ohm. /em.? 





























*The values reported in this chart are only for films up to 0.01 in. in thickness. The information was obtained from various sources. Special grades 






of these materials may be obtained which excel in some particular property. Manufacturers should be consulted for additional or specific information or 
gi , Oaklyn, N.J. 


for new uses of their materials. Data on electrical properties prepared by Sidney Levy, P’ 


1E 





“Square in. per Ib. of film in 1 mil (0.001 in.) thickness. Figures may vary with resin plasticizer ratio. "ASTM D882, procedure B. “ASTM D774. 
Elmendorf test. Figures represent pull required to continue tear of 1 mil thick film after starting. Force required to start tear is too high to measure 
on same equipment and therefore is not normally determined. °SPI-ASTM D1004, static-weighing method. Using 1 mil thick film and the Schopper 
Bending Endurance Tester, unless otherwise noted. “ASTM D570. "ASTM D697; values are in grams/24 hr./m.*/mm. thickness/cm. Hg at 25°C. 


‘Code for rating: E = Excellent, G = Good, M = Moderate, F = Fair, P = Poor. ‘Except aliphatic and petroleum hydrocarbons. KExcept H, SO, and 
HNO, 


50 


. "Except NH ,OH. “Except ketones and esters. "Except chlorinated solvents, ketones, esters, and hot aromatic hydrocarbons. oF xcept 
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1. Calendering, | Calendering, | Calendering, extrusion, casting Calendering, Extrusion Casting Casting, 
casting, casting, casting, into bath extrusion 
ils extrusion extrusion extrusion 
te, 2. Sheets, rolls, Sheets, roils Sheets, rolls (nonrigid also in Rolls Sheets, rolls Rolls, sheets, Rolls, sheets, 
al tapes tapes tapes, tubes) ribbons tapes tapes, tubing 
2. 3. 0.001-0.010 0.001-0.010 0.001-0.020 0.001-0.010 0.0005-0.010 0.0009-0.0017 0.0004-0.0025 0.001-0.003 
— 4. 54-84 54-84 54 x4 40-54 60 60 11.5-41.5 
—_ 5. 20,000-23,000 | 20,000-23,000 21,000 20,000-23,000 16,000-23,000 11,500-21 ,000 25,000 22,800-23,700 
—_ 6. 1.35-1.45 1.20-1.45 1.30-1.59 1.20-1.45 1.20-1.68 1.40-1.50 1.11 1.18-1.21 
e 7. 7,000-10,000 1,400-5,600 5,500-8,000 1,400 8,000-20,000 7,000-15 ,000 3,500-5,000 2,500-4,000 
anal 8. 25 150-500 2-10 150-500 20-140 10-50 200-800 250-500 
9. 30-40 20 - 20 25-35 55-65 Stretches ~ 
ata 10. 10-700 60-1,400 10-30 30-1,400 10->100 2-10 60-1,600 200-960 
—_ il. 110-490 110-490 - - 80-465 110-515 = - 
os 12. - - - - > 500,000 - 250,000 Very high 
13. Negligible Negligible Negligible Negligible 45-115 5 Negligible 
14. 0.35-2.0 0.35-2.0 = 0.23 0.1-0.3 1.4-2.7(NMP) 0.007-0.23* - 
= 0.008-0.03(MP) 
is. CO, 970 | CO, 970 - - co, 12/0, 0.95.9] CO, 3 |CO, 288-13,500 Low 
0, 150 Oo, 150 2.4 cb, 3.8-42.3"] 0, <0.5 0, 38-3,250* 
(50% R.H.) | (SO% R.H.) (SO%R.H.)IN, 0.13-1.6"] N <O.5 
ir 0.21-2.6" 
— 16. E G E G E P G G 
— 17. E G E G EtoG P G G 
— 18. G G E MtoG EtoG E E 
— 19. G G P toG P toG E toG SEE, G* c* 
— 20. E E E E E E E 
— 21 E E E E E M E E 
— 22. G G G G G G F M 
— 23. 150-200 150-200 Fair 150-200 150-200(dry); 300(wet) 300 180-205 200 
— 24. - -50 Good Good —25 to —50 Good —20 32 
23. —7 to +4 -7 to +4 - ~ ~ —0.7 to —3.0 - - 
; 26. Slow to self- Slow to self- Slow burning to Self-extinguishing Slow burning Self- Slow burning 
— extinguishing | extinguishing self-extinguishing extinguishing 
— 27 0.2-1.7 0.2-1.7 - - - 0.7-2.3 _ - 
28. 3.0-3.3 4.0-8.0 3.0-3.3 4.0-8.0 3.5-5.0 ~ 3 = 
29. 2.8-3.1 3.34.5 2.8-3.1 3.34.5 3.0-4.0 - 3 = 
30. 2.8 - 2.8 - 2.7 - = - 
31. 0.009-0.017 0.07-0.16 0.009-0.017 0.070-0.160 0.060-0.075 ~ = - 
32. 0.006-0.017 0.04-0.14 0.006-0.019 0.04-0.140 0.050-0.080 > 0.006 _ 
33. 0.019 - 0.019 - 0.016 - - - 
4. 425-1300 250-1000 425-1300 250-1000 400-600 - ~ - 
%. 10% 104 - 10% 1016 10" - 10 10" - 10% me 105 2 


hydrocarbons and chlorinated solvents. ’These 


























itions are the th 





r 


tic materials that gradually become softer as the temperature in- 


creases. The maximum service temperature will depend on formula of material, design of part and service conditions such as amount of stressing, 
humidity, etc. Requirements for resistance to heat and cold should be considered as special prmtane. Where a range of values is given in the chart, 


the low value is the limiting temperature for continuous exposure and the high value for i 





Commercial Standard CS192-53. *Grams/24 hr./100 sq. in. at 100°F. and 90% relative humidity. 


hum 


idity. 


tec. /24 hr. 


. TASTM D1204. 


"Paragraph 4.10 in 
100 sq. in. at 25°C. and 0% relative 
“cc./24 hr./100 sq. in./mil thickness atmosphere at 25°C. “Water vapor perm. in gm./100 sq. in.-mil thickness — 24 hr. — atmosphere. 


“Perm. to gases in cc./100 sq. in.-mil thickness — 24 hr. — etmosphere. "ASTM D5S70-42 in gm. /sq. in. /24 hr. on 0.001 butyrate, 0.001 triacetate, and 








FILMS CHART 


0.010 acetate. ’Determined on 1 mil film. *Per mil basis, measured on average 2-mil film. “*Using procedure E at 103%°F. in 100% R.H. 





WH leallarelecmerarelat 


PROPERTIES® 


Glass 
fabric 
base 


mal 
base 


(in general, 
low thick- 
nesses give 


high values ) 





PHYSICAL 
1. Laminating temp., °F. 


R.T.-300 


R.T.-300 





2. Laminating pressure, p.s.i. 


0-50 


10-500 





3. Specific gravity, D792 


1.5-2.1 


1.5-1.9 





4. Specific volume, cu. in. per Ib., D792 


18.5-13.2 


18.S-14.4 





5. Tensile strength, D638, p.s.i. 


10000-20000 





6. Modulus of elasticity in tension, 
D638, 105 p.s.i. 


10-19 





. Compressive strength, D695, p.s.i. 


30000-50000 





. Modulus of elasticity in compression, 
D695, 10° p.s.i. 





. Flexural strength, D790, p.s.i. 


15000-35000 





. Modulus of elasticity in flexure, 
D790, 10° p-s.i. 





. Shear strength, D732, p.s.i. 





. Modulus of elasticity in shear 10° p.s.i. 





. Bearing strength, D953, p.s.i. 





ft.-Ib. per in. of notch 





. Bond strength, D952, Ib. 





. Hardness, Rockwell, D785 





. Water absorption, 24 hr., 
1/@-in. thickness, DS70,% 





. Effect of sunlight 





. Machining qualities 





THERMAL 


20. Thermal conductivity, C177, 
10° cal. /sec. /sq. cm. /1°C. /em. 





21. Specific heat, cal. per °C. per gm. 





22. Thermal expansion, D696, 10° per *S. 





23. Resistance to heat (continuous),” °F. 





24. Heat distortion temp., D648, °F. 





25. Burning rate, D635 





ELECTRICAL 


26. insulation resistance (96 hr. at 90% 
R.H. and 35° C.), D257, megohms 





. Volume resistivity (50% R.H. and 
25° C.), D257, ohm-cm. 





. Dielectric strength, short-time, 
1/#-in. thickness, D149, volts per mil 





- Dielectric strength, step-by-step, 
1/#-in. thickness, D149, volts per mil 





. Dielectric strength, step-by-step, 
\| to lamination, KV /in. 





. Dielectric constant, 60 cycles, D150 





. Dielectric constant, 10 cycles, D150 





. Dielectric constant, 10° cycles, D150 





. Dissipation factor, 60 cycles, D1S0 





. Dissipation factor, 10° cycles, D150 





. Dissipation factor, 10° cycles, D150 





Arc resistance, D4%5, sec. 


80-140 


28-75 





CHEMICAL 
38. Effect of weak acids, D543 


None 


None 


None 





39. Effect of strong acids, DS43 


Decomposes 


Some attack 


Some attack 


Some attack 


Some attack 





40. Effect of weak alkalies, D543 


None 


Slight to none 


Slight to none 


Slight 


Slight 





41. Effect of strong alkalies, D543 


Attacked 


Some to severe 


Some to severe 


Attacked 


Attacked 





42. Effect of organic solvents, D543 








None 





fe lly ail 








G lly ail 





Generally nil 





Generally ail 








*The values for the properties in this chart are based upon maximum and minimum figures submitted by a number of manufacturers of each type of laminate. The 


manufacturers should always be consulted before making a choice of laminate. 


"“D numbers refer to A.S.T.M. methods. 


A GUIDE TO PLASTICS 





fabric 
base 





325-480 


275-365 


250-330 





30-2000 


2000-2500 


10-100 





1.61.9 


1.35-1.45 


1.75-1.85 





17.3-14.5 


21.6-19.0 


15.8-14.9 





10000-35000 


5000-8000 


110000 





15-20 





25000-46000 


25000-30000 








10000-38000 
































Fair to good 























52000 





3.3x104% 





500-700 





























190 





None 


Very slight 


None 





39 


Attacked by HF only 


Some attack 


Some attack 


Poor 


Slight 





40 None 


None 


None 


Very slight 


Very slight 


Fair 


Slight 





“1. Slight 


—_}+—_ 


Slight 


Slight 


Attacked 





Attacked 


Poor 


Slight 








42 None 





None 





None 





Attacked by some 





Slight 





Slight 





°The values reported for this property depend on the size and shape of the test piece and the molding conditions. The maximum permissible service temperatures 


will vary with the formulation of the material, design of the part, and service conditions such as amount of stressing, humidity, etc. Requirements for resistance to 
heat should be considered a special problem. 


LAMINATES CHART 











PHYSICAL 
1. Laminating temp., °F. R.T. -370 
2. Laminating pressure, p.s.i. 10-1800 1000-1800 
3. Specific gravity, D792 1.7-2.0 1.82-1.98 1.75-1.85 
4. Specific volume, cu. in. per lb., D792 16.3-14.5 15.2-13.9 16.9-15.0 

5S. Tensile streagth, D638, p.s.i. 45000- 100000 16000-25000 

4 


. Modulus of elasticity in tension, 25-35 20-25 
D638, 10° p.s.i. 


7. Compressive streagth, D695, p.s.i. 50000-90000 
8. Modulus of elasticity in compression, ~ 
p69s, 10° p-s.i. 
. Flexural streagth, D790, p.s.i. 
. Modulus of elasticity in flexure, 
p790, 10° p-s.i. 
. Shear strength, D732, p.s.i. 
. Modulus of elasticity in shear, 
105 p-s.i. 
. Bearing strength, D953, p.s.i. 


. Impact strength, Izod, D256, ‘ 5-6.5 
ft.-Ib. per in. of notch 


- Bond strength, D952, Ib. ; 1400-2000 
. Hardaess, Rockwell, D785 M115-125 


. Water absorption, 24 hr., ’ 1.25-2.8 
1/#is. thicksess, D570, % 


. Effect of sunlight 
. Machining, qualities 



























































20. Thermal conductivity, C177 
10°* cal. /sec. /sq. cm./1°C. /cm. 


21. Specific heat, cal. per °C. per gm. 

22. Thermal expansion, D696, 195 per °C. 
23. Resistance to heat (coatinuous),” °F. 
24. Heat distortion temp., D648, °F. 

25. Burning rate, D635 

ELECTRICAL 


26. Insulation resistance (96 hr. at 90% 
R.H. and 35°C.), D257, megohms 


27. Volume resistivity (SO% R.H. and 
25°C.), D257, chm-cm. 

28. Dielectric strength, short-time, 
1/@-ia. thickness, D149, volts per mil 


. Dielectric strength, step-by-step, 
1/- ia. thickness, D149, volts per mil 


. Dielectric strength, step-by-step, 
' to lamination, KV/in. 


. Dielectric constant, 60 cycles, D150 

. Dielectric constant, 10° cycles, D150 

. Dielectric constant, 10° cycles, D150 

. Dissipation factor, 60 cycles, D150 

. Dissipation factor, 10° cycles, D150 

. Dissipation factor, 10° cycles, D150 
Arc resistance, D4%, sec. 


100 
CHEMICAL 
38. Effect of weak acids, D543 None Slight to 
marked 
None 






























































39. Effect of strong acids, D543 Slight 
40. Effect of weak alkalies, D543 None 








41. Effect of strong alkalies, D543 Slight Attacked 
42. Effect of organic solvents, D543 Slight to none | 


























*The values for the properties in this chart are based upon maximum and minimum figures submitted by a number of manufacturers of each type of laminate. The 
manufacturers should always be consulted before making a choice of laminate. 
“Numbers refer to A.S.T.M. methods. 
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Cellulose 


paper 
base 





275-350 


275-350 


275-350 


275-325 


275-350 


300-350 


300-350 





1000-1800 


1000-1800 


1000-1800 


15-1800 


15-2000 


300-1800 


1000-1800 





1.28-1.40 


1.30-1.% 


1.31-1.37 


1.15-1.19 


141.9 


1,55-1.80 


1.65-1.83 





21.8-19.7 


21.3-20.4 


21.1-20.2 


24.0-23.2 


19.7-15.4 


17.8-15.4 


16.8-15.1 





8000-20000 


9000-16000 


14000-16000 


5000-9500 


9000-50000 


10000-12000 


5000-15000 





8-20 


5-15 


611 


3.5-5.0 


12-25 


10-17 


16-25 


37 





20000-40000 


30000-44000 


32000-47000 


28000-36000 


34000-67000 


30000-40000 


40000 


12000-21000 





8 


6 


4-8 


7 


5 





14000-30000 


9000-22000 


16000-80000 


15000-30000 


25000-40000 





8-10 


5-10 


10-40 








14000-18000 


10000-13700 


17200-24000 











0.3-1.0 


1,4-2.5 


2.0-4.0 





700-1400 


1000-1600 


1000-1500 





M70-M120 


M100-M110 


M100-110 


M105-M110 





0.2-4.5 





1.2-1.6 





0.15-0.35 


0.3-1.5 








Lowers surface resistance and general darkening 





Fair to 


excellent 


Fair to good 








18 


2.1-2.3 


14-18 


4.6 





~ 0.38-0.41 


0.35-0.38 


0.23-0.27 


0.2-0.4 





1.4-3.0 


1.83.2 


1.5-2.5 


1.7-2.5 


0.6 ||, 6.5 || 





225-250 


225-250 


250-500 


275 


150-200 





250-> 320 


>320 


>320 


>320 


>320 





Very low 


Very low 


Approx. nil 


Very low 








| 35-1,000,000 


10-5000 


25-5000 


0.25-335 





109.1915 


107°.39!2 


2.5 x10 





300-1000 


150-600 


360-600 


300-700 





260-800 


120-440 


300-450 


250-650 





15-90 


10-60 


40-100 


30-50 





45-7.5 


5.0-10 


3.7-6.0 


4.0-10.0 





4.2-6.0 


4.2-6.5 


3.6-4.1 


4.8-6.3 


75 





3.6-6.0 


5.0-7.0 


3.3-4.5 


3.7-6.0 


5.5-10.0 





0.02-0.10 


0.04-0.50 


0.02-0.06 


0.01-0.10 





0.03-0.07 


0.04-0.09 


0.01-0.02 


0.015-0.042 


0.06-0.10 





0.02-0.08 


0.05-0.10 


0.015-0.040 


0.005-0.05 


0.10-0.15 





Tracks 





Tracks 








Tracks 





Tracks 





Tracks 











None to slight depending on acid 





Decomposed by oxidizing acids; reducing and organic acids none to slight effect 
Slight to marked depending on alkalinity and grade 
Attacked by strong alkalies unless a special alkali-resistant resin is used 
None on bleed-proof materials 

















» The values reported for this property depend on the size and shape of the test piece and the molding conditions. The maximum puntesitte service tonporetures 
will vary with the formulation of the material, design of the part, and service conditions such as amount of stressing, humidity, etc. Req for it to 
heat should be considered a speciai problem. 





LAMINATES CHART 








DRYING 





SOLVENTS OR 
DISPERSING 
AGENTS® 


CLASSIFI- 
CATION® 





ACRYLATE AND METHACRYLAT 
A,B, F |A,C,E,H,K,7 G*G E 
*Poor to concentrated 
acids 


i-butyl and mixtures 





Electrical coatings, fabric treatment, leather finishing, 
metal and paper coatings, thickening and dispersing 
media, automotive finishes, coatings for architectural! 
concrete, stucco, and floors; exterior wood finishes 





ALKYD RESINS (phthelic anhydride-polyhydric 
elcohol-oi! combinations) 


A,B, F [H,LW MFGG 


Aut, Pr fieiat: 


ve , collapsible tube coatings, electrical 
insulation, emulsion paints, floor coverings, interior 
and exterior eaamels, household and industrial coatings, 
metal decorative finishes, printing ink, rubber, water 
paints 








ALLYL STARCH RESIN 
A, B, F A,C, E,H,K,N,W 


Overprint varnishes, wood sealer 











ASPHALTS 
A,B, F {C,H,I 





Packaging, pipe coatings, roofing, sealers, sound 
deadeners, undercoatings for autos 





CELLULOSE ACETATE =— 
A,B, F, |A,C,E,H,1,K,N,W I/F 


High gloss paper, oil- and grease-resistant papers, wire 
and wood coatings 





CELLULOSE ACETATE BUTYRATE 
A, BL F C,E,1,K,N,(H+A) |F 





Airpl dope, strippable coatings, gel lacquer, cable 
lacquer, finishes for paper, wood, plastics, and metal 
Hot melts 








CELLULOSE, CARBOXYMETHYL 
A, F \* 


Fabric finishing, warp sizing, grease-proofing, thickener 





CELLULOSE, ETHYL 
A, B, F A,C, E, F,H,LK,N :, GEE} 





CELLULOSE, HYDROXYETHYL 


A, F c, 4H, Ww MMPEGGM™ 








Masking agent, metal strip coating, sizing, packaging, 
styrene plastics, rubber, gel lacquer, paper lacquer 





Color binding agent on fabrics, emulsion stabilizers in 
latex paints, fabric finishing, warp sizing 





CELLULOSE, ETHYL HYDROXYETHYL 
A, F ja, 1H MEGPMEE 


Silk screen inks 





CELLULOSE, METHYL 
A, F |¥ FPPGGGP 





Grease-proofing, thickener 





CELLULOSE NITRATE 


A,B, F |A,E,H,1,K,N GFEFPGG 


Artificial leather, fumiture coating, decorative coatings, 
floor finishes, auto and aircraft finishes, nail polish, 
fabric coatings, cellophane coatings 





CELLULOSE PROPIONATE 
A, F ]A.C, E,H,K,N 


Strippable coatings, ge! lacquers, glass coatings 





CELLULOSICS ~ Specie! 


Decorative, controlled gloss finishes for metal wire 
products including furniture, appliances, hardware. 
General-purpose insulation for metal wire and stampings. 





CHLORINATED PARAFFINS 
A, B, F |C. £, F,H,1,K,N 


Flameproofing of textiles, paints, printing inks 





CHLORINATED POLYETHER 


Chemical « 





gs for metal 





CHLORINATED RUBBER 
A,B, F |C,E,H,K 





Flame retardant coating, corrosion-resistant metal 
coatings, inks, soap wrap coatings, traffic paints 





COUMARONE RESINS 
A, B, F c, E, H,1,K 


Anti-corrosive finishes, bronzing liquids, concrete 
coatings, marine finishes, printing inks, rubber 
pounds, pipe coatings, floor and trim varnishes, 
waterproof coatings, emulsion paints 








CYCLIZED RUBBER 
A, BL F |c. H,1 


Concrete enamel, corrosion-resistant paint, inks 





DIEPOXIDE MONOMERS 
A, B, F |" E,G,H,1,K : EG 






































For encapsulation, laminating, tooling, adhesive 
bonding, coatings 





“Code for drying classification: A = Air drying; B = Baking; F = Force drying 120- 150°F. 

©Code for solvents: A = Alcohols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydrocarbons; 
1 = Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water isi 
“Code for rating: E = Excellent; F « Fair; G = Good; M = Moderate; P = Poor. 





WA = Aq alkali. 


A GUIDE TO PLASTICS 











DRYING | SOLVENTS OR 
CLASSIFI-|  DISPERSING 
CATION® AGENTS® 


3 
~ 





EPOXY RESINS (epichlorohydrin bisphenol resins) 
A,B, F |A,E,G,H,1,K,W EEGE 


Can coatings, corrosion-resistant maintenance coatings, 
chemical resistant coatings, electrical insulation, 
product finishes, drum linings, floor varnishes, marine 
finishes, inks, appliance primers, architectural paints 
and enamels; epoxy mortars; non-skid finishes; 
pre-preg laminates; castings and encapsulation 





EPOXY NOVOLAC (epichlorohydri lac resins) 
A,B, F |A,E,G,H,UK,W JEEGEEEEE 





Excellent high t ture perf Same g 


vr 


applications as conventional epoxy resins 








EPOXY TAR 
A,B, F |H,K,N EEEGGGEG 








General maintenance; exterior pipe lines, pilings for piers 





“ESTER-TYPE” RESINS-OIL REACTIVE (bicycloheptane 
dicarboxylic acid, end related esters with drying oils) 
A, B, F renpteaey 4 PGGGG-G 


Durable paper for packaging, electrical insulation, ethy! 
cellulose lacquers, overprint, shade cloth 





ETHYLENE RESINS (polyethylene) (low- or high-density) 
N C,H,LW E E E E G*E E G¥ 
(> 60°C.) With stabilizer 


Electrical insulation, drum linings, packaging of food, 
chemicals, and consumer products, hot melt coatings 
for paper and textile laminations. Pipe wrap and 
fluidized bed coatings. 





FLUOROE THYLENE RESINS 
B c,W 


Drum and tank linings, wire coatings, electrical and 
corrosion-resistant coatings 





FURAN RESINS 
A, B, F |c, £, 4, K EEEEE 


Coatings for wood, concrete, and metal tanks 





HYDROCARBON RESINS (derived from petroleum) 
A, B, F Cc, E,H,LN,W EEEPM 


Air-dry and baking enamels, anti-corrosive finishes, bronz- 
ing liquids, concrete coatings, floor and trim varnishes, 
marine finishes, pipe coatings, waterproof coatings 





ISOBUTYLENE RESINS (polyisobutylene) 
“ | - MFMMG 


See waxes 





KETONE RESINS 
A, B, C A, E, F,G,K 


Additive to improve adhesion of vinyl acetate, butyral, 
and chloride copolymers and phenolic, alkyd, cellulosic, 
polyesters, and styrene coatings 





MALEIC RESINS 
A, B, F Cc, E,H,1,K,N 


Floor coverings, furniture lacquers, label coatings, oil 
cloth, printing inks, tin lithographing, interior enamels 





MELAMINE RESINS 
B A,H,I EEGGGG 


Automotive coatings, can coatings, refrigerators, textile, 
metal and leather finishing 





NATURAL RESINS (betu, conge copal, demar, elemi, 
kauri, manila, Sandarac, etc.) 
a - FFGMM™G 


Electrical insulation, floor coatings, lacquers, enamels, 
varnishes, furniture finishes 





OLEFINS, LOW-MOLECULAR-WEIGHT 


Hot-melt |Hot-melt or water Depends upon 
or water jlemulsion formulation 
emulsion 





High gloss, grease and moisture-resistant paper coatings; 
hot-melt adhesive; polishes for metal, wood, leather, 
floor tile; paraffin modificetion — dairy carton coatings 





OLEO-RESINOUS MATERIALS (combinations of 
oils, and natural and synthetic resins) 
A, B, F ro ‘EBB: 


Can coating, cap liners, floor ish, gi 1h hold 


finishes, interior and exterior enamels, label coatings, 
oil cloth, rubbing and furniture varnish, spar varnish 








PHENOL-FORMALDEHYDE MODIFIED AND DRYING 
OIL COMBINATIONS (including peraphenyl phenol - 
formaldehyde resins and alkylated phenol resins) 

A, B, F pre |° FEGGG 


Can and drum linings, coil varnish, furniture and interior 
enamels, insulating varnishes, spar, floor concrete, and 
exterior finishes, wood sealer 





PHENOL-FORMALDEHYDE PURE RESINS (spirit- 
soluble, ‘‘heat-reactive’’ types) 
A, B, F yee EFEEEE 



































Beer cans and drum linings, food cans, food drying 
equipment, furniture, linings for chemical processing 
equipment, pipe coatings, rigid structural parts, tank 
car linings, product finishes 





de for drying classification: A = Air drying; B = Baking; F = Force drying 120-150°F. 
»de for solvents: A = Alcohols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydrocarbons; 
Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 


Code for rating: E = Excellent; F = Fair; G = Good; M = Moderate; P = Poor. 


COATINGS CHART 











SOLYEMTS OR 
DISPERSING 
AGENTS® 





POLYAMIDE RESINS 
A,B, F | Alcohols (>C,) 





Heat sealing foil, labels, packaging papers, printing inks 
wire, fabric and paper coating, thixotropic peints, wire 
tip beads 





POL YAMIBE-EPOXY RESINS 
A,B, F TA,H,1LK,@ 


Can coatings, wire insulation, marine finishes, anti- 
corrosive finishes, drum linings, pipe linings, chemica! 
resistant coatings 





Electrical insulation, potting compound, concrete, cinder- 
block, and brick enamels, wood finishing; casting, 
impregnating fibrous glass 





Protection against grease, oils, etc.? 





Anti-fogging coatings for glass, fabric sizing and 
finishing, paper lubricant, wire drawing 





Coatings for metal, concrete, wood, and marine surfaces; 
wire insulation and adhesives 





Architectural, finish, and water-proofing, chemical resist- 
ant coatings for tank lining, marine coating 





RUBBERS, SYNTHETIC 
Polychloroprenes 
A, B, F |c.£.H,K,w 





Butediene-styrene 
A, B, F |c. £. 4, K,N, W 





Butodiene-styrene acrylonitrile 
A, B, F |c.H,K,W 





lsoprene-isobutylene 
A,B, F [C,H,I 





lsoprene-styrene 
A,B, F {C,E,H,1,K,N 





Polysultide 
A C,H, K,W 


Concrete paint, electrical insulation and jackets, emulsion 
paints, floor covering, leather finish, linings for chemi 
cal equipment, paper coatings, protective coatings for 
pipes, valves, tanks, plating racks, wire products, 
fans, pumps, and electroplating equipment. Textile 
coatings. Protective coatings for rubber (e. g. tires, 
heater and brake hose, radiators, ignition wires, etc.) 





Polyecrylic 





Cc, E,H,K 


Modifying agent for drying oils 








A, E, F,H,1,K 


Cc ion-resistant coatings, primers, enamels, potting 
and molding compounds 





A 





Electrical insulation, floor varnish, leather dressings, 
wood sealer 





SILICONE RESINS 
A, B “eran 


Electrical insulation, heat resistant coatings, waterproof 
treatments, glass sizing for laminating 





SILICONE-ALKYD RESINS 
A,B E,H,1,K 


Heat resistant coatings, chalk-resistant maintenance 
paints, alkali-resistant enamels 





SILICONE -PHENOLIC 
A,B |e. H,1,K 


Weather and water resi i it e paints 








SILICONE RUBBER 
B C,H,! 


Calking, coating asbestos paper, coating glass fabrics, gas- 
kets, insulating sealants, electrical potting compounds 





STYRENE RESINS (polystyrene) 
A,B, F |C,&,H,K,N,W 


Adhesive sizing, concrete enamels, delustering, detacki- 
fier, electric insulation, finishing, stiffening, glass 
coating, label varnish, leather finish, solvent coating, 
rubber compounding, floor wax finishes 





STYRENE-BUTADIENE RESINS 
A,B, F |C,H,1,K,W 









































Concrete enamels, corrosion-resistant paints, interior-exte- 
rior latex paints, fabric coatings and sizings, paper coat- 
ings, rubber compounding, cement mortars, metai primers, can 
and pipe coatings, electrical insulation, furniture finishes 





“Code for drying classification: A = Air drying; B = Baking; F = Force drying 120-150°F. 
>Code for solvents: A = Alcohols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydrocarbons; 
I = Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 


“Code for rating: E = Excellent; F = Fair; G = Good; M = Moderate; P = Poor. 


4Where water susceptibility is not a factor, 


A GUIDE TO PLASTICS 








DRYING 
CLASSIFI- 
CATION® 








BUTADIENE-VINYL TOLUENE 


A,B, F |C,H,LK,W Low staining, light-colored, age-resistant, vulcanizable 


for textile applications. Carpet upholstery and fabric 
backing, hair pads, and scrap foam 








STYRENATED ALKYD 


A,B, F |H,I Decorative coatings, decorative over-finishes, electrical 


insulation, furniture, high gloss paper, toys 





STYRENATED DRYING OILS 
A,B, F |H,I 


TERPENE RESINS 
A eo 


Interior and exterior paints 





Hot melts, laminating, rubber compounding, sealing, 
waterproofing 





TERPENE-PHENOLICS 
A Cc, E,H,1 e Architectural finishes, exterior fabrics (canvas), floor 
| covering, industrial finishes, metal furniture, printing inks 





UREA-FORMALDEHYDE RESINS AND 
OIL-RESIN COMBINATIONS 
B, F A,H E Automobiles, cap liners, collapsible tube coatings, 
furniture lacquers, kitchen and hospital equipment, 
refrigerators, textile finishing, venetian blinds 





URETHANES (polyurethanes) 


A,B, F |E,F,H,K Anti-corrosive, solvent-resistant finishes, abrasion and 


impact resistant finishes, high dielectric coatings, sol- 
derable wire enamels, high-gloss marine finishes, flexi- 
ble rubber coatings, tank linings, concrete floor paints, 
aircraft finishes, potting and molding compounds 








VINYL ACETATE RESINS 

A, F A,C, E, F,H, K, N, Decorative, fabric finishing, greaseproofing, heat sealing, 
W,WA intaglio inks, leathez finish, pigmented and gloss paper 
coatings, exterior and interior paints 








VINYL ALCOHOL 
A, F |W 

VINYL BUTYRAL RESINS 
A, B, F A,E 


Emulsifying, thickening, greaseproofing, sizing of paperboard 





Adhesives, foil packaging, impregnating, upholstery, 
anti-corrosive primers, can linings, drum coatings, 
wood sealers, strip coatings 





VINYL CHLORIDE RESINS 

A,B, F |C,E,F,H,1,K,N,W Concrete vats and piping, electrical insulation, fabric 
and paper coatings, food packaging, greaseproofing, 
lining plating baths, strippable coatings, anti-corrosive 
maintenance coatings, decorative coatings, drum 
linings, product finishes, heat castings 





VINYL CHLORIDE-ACETATE RESINS 
(higher chloride types) 


A,B, F |A,E,F,H,1LK,N,W IE Collapsible tube coatings, fabric and paper treatments, lining 


storage tanks, protection of steel against weathering and 
corrosion, strippeble packaging, wire coating, automobile 
sealers, decorative coatings, drum linings, product finishes 








VINYL CHLORIDE-VINYLIDENE 
CHLORIDE COPOLYMERS 
A,B, F }C,E,F,H,K,W Food packaging, greaseproofing paper, finishes, 
| strippable packing, textile coatings 





VINYL ETHER RESIN 
A, B, F jac, E;H,K,N,W Additive in chlorinated rubber paints 
VINYL FORMAL RESINS 
A, B, F [A.c, F,H,N G Wire coating, can linings, drum coatings, anti-corrosive primers 


VINYL PYRROLIDONE RESIN 
A,B, F |A,C,G,H,K,N,W P GG 








Dispersing and emulsifying agent, glass coatings, inks, 
leveling pigment : 








VINY LIDENE CHLORIDE - ACRYLONITRILE RESINS 
F K,W EMEEPFE Artificial leather, cap liner, ch 
| greaseproofing paper 








WAXES (poraffin, micro-crystelline, ete.) 


—_ H, LN EEE--FG Paper coatings for food packaging, beverage containers, 
cheese wrappers, collapsible tubes, laminated paper 





ZEIN (soluble protein) 
A,F | A.C, G, W, WA F PMG GM F —jG/E/E|M|E/G|G/F|E]F| Cork binding, greaseproofing, pharmaceutical tablet coating 
“Code for drying classification: A = Air drying; B = Baking; F = Force drying 120-150°F. 
°Code for solvents: A = Alcchols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydrocarbons; 


| = Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 
“Code for rating: E = Excellent; F = Fair; G =< Good; M = Moderate; P = Poor. 









































COATINGS CHART 





TYPE OF 
MATERIAL 





URETHANE (POLYURETHANE; 


ISOCYANATE) 





Open cell 
(flexible) 


Open cell; 
|, foam-in-place 
(flexible) 


Open and closed cell; rigid 


Open and closed cell; rigid; foamed in place 





Forms aveilable 


Density, Ib. /cu. ft 


Slab, sheets, 


shapes 


blocks, custom 


2 and 3 pack- 
age system for 
mixing on job 


Custom made shapes, standard size boards 


2 and 3 package system for mixing on job 





Mex. width: 
80", max. 


thickness: 
1/16-15" 


length: 120 ft. 





1S4 





Thermal conductivity, 


B.t.a. /aq, ft. Aer. /°F. An 


Blown with carboa 
dioxide 


0.30 at 2 tb. 
cu. ft. 


0.25-0.73 


0.31-0.35 


0.36-0.40 





Blown with fluorinated - 


hydrocarboa ! 





0.17" 0.13 


0.23-0.27 


0.28-0.34 





Tensile strength, p.s.i 2 


Compressive strength 710%, p.s.i. 


12-50 


13-150 


475-700 


1350-3000 








Impact strength, {t.-Ib. An - 


0.2-1.0(at 25%) 


0.S-1.5 (at 25%) 15-50 


650-1100 


2100-S000 





<0.6 





0.22 


0.45 





Burning rate 





Wax. service 
temp., °F 


Elongatioa, % 


Dry 


Self-extinguishing (when specially compounded) 


Self-extinguishing (when specially compounded) 





Conti Cc 





260-275 260-275 c 
Wet 212 212 | 200-250 


- 


250 


250 





as wang 


150-500 





Coefficient of linear 
expansion, in. /in 
Water absorption 

% by volume 


Dielectric constant 


Loss tangent 


oF 5 


4 


—— 


3.04.0x 105 


sodlieece 





4.0 at 2b 
cu. ft. 





1.6 


—— 


1.10 12 








13 


14 





05x10 








05 x 10% 








0.3 x 10°9.1.3 x 10° (at 10°-10° cycles /sec.) 





2.0x 10% 





3.0x 10% 











Closed cell only; 2S ystems can be formulated to give lower values; Systems can be formulated to give other values from 3 x 10°° to 6 x 10°5; 


*Long term equilibrium at 70°F. mean temperature. 





TYPE 
OF MATERIAL 


POLYVINYL CHLORIDE FOAMS 





OPEN CELL 


CLOSED CELL 





Forms available 


Standard sizes 


Density, Ib. /cu. ft 


Heat seelability 


— 


| Flat stock in sheets 
and rolls; Cored cush- 


—- 


1/16” to 5" thick; 
24" to S54” wide 


Excellent 


4 


Dynamic flexing — | 
250,000 cycles* (max. | 
set based on original 
height), % 


Forms available 





ite 


Sheets and molded 
shapes 


Dynamic flexing - 
250,000 cycles* (max. 
set based on original 
height), % 





Water absorption, % 


EE a 


Resistance ratings 





~~ T 
Tensile strength, p.s.i 


Elongation, % 
Flammability: 
Indentation load deflec- 
tion® (Ib. /50 sq. in 

at 25% def.) 


Ait oven aging, 22 hr 
at 212°F .* (change from 
orig. ind. load def.), % 


Compression set, 22 hr 
at 158°F.* (max. based 
on original height), % 


10 to 200 


75 to 300 


ee 


Se if-exting 


Strong acids 





Standard sizes 


36" = 44", 
1/16" to 2%" thick 


Water absorption, % 





Density, tb. /cu. ft. 


4to 25 





Heat sealability 





Tensile strength, p.s.i. 





Strong alkalies 


Resistence ratings 


Strong acids 











Fl. * % 





Greases and oils 





3 to 500 


+ 


4. 


* 


Strong alkalies 








Flammability 


Greases and oils 








Compression-deflection 
(p.s.i. at 25% 





High relative humidity 


deflection) 


Organic solvents 





Water 











Sunlight 


Air oven aging, 22 hr. 
at 212°F .* (change from 





Resistance to heat, 
°F 


_— 


150 to 225° 


orig. ind. load def.), % 


High relative humidity 





Sunlight 


G 











Resistance to cold, 
a 





Stiffens at +20 
to — 40° 


Compr set, 22 hr. 
at 158°F.* (max. based 
on original height), % 








Resistance to heat, 
oF. 


150 to 225" 








Resistance to cold, 
oF. 


Stiffens at +20 
to — 40° 





*SP1 Tentative Specifications and Methods of Test for Viny! Foams. 


tResistance decreases as plasticizer is increased. 


tRefer to ASTM D1692-59-T 





“These compositions are the thermoplastic materials that gradually become softer as the temperature increases. The maximum and minimum service temperature will depend on formula of 


material, design of part, 


and service conditions 


A GUIDE TO PLASTICS 








TYPE OF CELLULOSE 
MATERIAL ACETATE POLYSTYRENE 





Forms available Boards and rods Liquid resin for foaming in place Products ot shapes molded from Homogeneous boards, planks | Extruded film 
(rigid closed cell expandable beads, and logs and sheet 
foam) finished boards 








Standard sizes Boards: 1" = 4"; : Finished boards (tubed): lengths | Boards: 12", 16", and 24" 
4" « 6"; K" = 8"; of 48 in.; widths 18 and 24 in.; widths; 1"—4" thickness 
any length 1 thicknesses of 1 through 4 in. & and 9 lengths 

Rods: 24"; Finished boards (loose): lengths | Planks: 5" x 15" = 9 
any length of 18 to 144 in.; widths of 12 to T= 20"«9 

48 in.; thicknesses of 1 to 8 in. ex 16"«9 

Blocks (untrimmed): 2° « 12" « 8"; | Logs: 25" « 33" « 6 or 9 

4° x 12" x8" 


Density, 1». cu. ft. 1.23 18 2.8 43 








Therma! conductivity, . .21- .20-0.. 18-0. . 5 \ . <0.28 at 40°F. mean temperature | 0.24 at 70°F. 
B.t.u./sq. ft. ar. /°F. An. mean temp. 





Tensile strength, p.s.i. 5 33 eve 





Compressive strength, p.s.i. s ¥ “4 
































Impact strength, ft.-Ib. An. . 0.14 





Burning rate, in. /min. . Self-extinguishing 45 Can 
(can be be made 
made self- 
self-extinguishing) extinguishing 





Maximum service ‘ Continuous 300 1758 155-175 
temperatgre, °F 


ani ——— 





Coefficient of linear 5 os! 
expansion, 10°° in. An. /°F 





Moisture absorption, 100% R.H.: 13-17 100% 8.H. = 13-51 | 100% R.H. = 10-15 
% by wt 50% R.H.: 1.9-2.5 50% R.H. = 1-4 SO% R.H. = 1-5 


_ 4 — ~-—- ——4-.- +4 —4— 








Water vapor transmission, - - 2 Ib. ae 5 Ib. 3 
g-/hr. ‘sq. ft. /in./om. Hg 2074 g./| 1844 ¢. 
day mn? day /m 

Pe SE es» ee eae ‘ ped BEN 


onstant 1.12 1,191.20 <1.05 at 10? -10° cycies <1.05 at 10? -10° cy. /sec. 





————— a — — 


}— 
sipation factor 0.028-0.031 < 0.0005 at 10? - we cycles <0.0002 at 10? - 1 cy./sec. 





























‘Temperature range of —16°F. to 200°F. Note: Thermal conductivity as per ASTM-C177. Long term equilibrium at 100°F. mean temperature. 





POLYVINYL RUBBERS 
CHLORIDE 
TYPE OF EPOXY 
MATERIAL owes —— (Prefoamed NATURAL CUTARIENE- 
NEOPRENE STYRENE 
Blocks ) RUBBERS 
blowing agent ) (GR-S) 





BUTADIENE- 
ACRYLONITRILE 


(containing 





Liquid or paste Sheets, rolls, or Sheets 
molded shapes 





Foamed in place 3-30" at Foamed in place at up to 1' x 2" x & 40” x 120"; 1/8" to 36" = 36" and 36" « 36"; 

310-400°F . closed or open 320°F . Cell size 1" thick; % to 2” 40" « 120°; 1/2" to 2" thick 1 a to 2 thick 
cell less than 0.08 in. (sheets & rolls); 1" 1/8" to 1" thick 
to 7" (molded 
shapes) 








3.5-20 





ynductivity, . ‘ ’ ' % \ 0.25-0.30 
y. ft. ne. / OF. An. 


+--+ 





strength, p.s.i 5.6 tb.: 51; 17.7 
ib.: 490 





sive strength, p.s.i. 5.6 lb.: 62; 17.7 
Ib.: 950 





trength, ft.-Ib. An. 











te, i : Se lf-extinguishing Noaflammable 





service 150 700 
ture F 


























FOAMED PLASTICS CHART 








STRUCTURAL FORMULA 


EMPIRICAL 
FORMULA 


VP. 





ABIETIC ACID DERIVATIVES 
1. Hydroabiety! alcohol 


Ci9H3;CH20H 


mm. Hg. 


1.5 10° 
@25° 





2. Methyl abietate 


genated methy! aby 


3. Hvdn 





CygllgCOOCH, 


<0.1 @ 25° 





C,gH,, COOCH, 


<0.1 @ 25° 





“ADIPIC ACID DERIVATIVES 
4. Diethy! adipate 


$5. Dibuty! edi edipate 


C,H,OCO(CH,),COOC>Hs 





C4HgOCO(CH )4COOC4Ho 





6. Di- isobutyl adipate | 


[(CH2CH2COOCH2CH(CH3))o 





7. Disw-henyl adipate 


CoH 30CO(CH2)4COOC 613 





8. Dicapryl adipate 


Clty 70S O(CH, )q COOC SH 7 





9. Di-(2-ethyihexyl) adipate 


, Di-isoocty! adipate 


Dinony! adipate 


2. Octyl decyl adipate 
(n-Octyl,n-decy! adipate) 
(Iso-octyl isodecy! adipate) 


Di-decyl adipate 
(Di-isodecy! adipate) 


14 Polypropylene ‘adipate modified 


C4HglCOOCH)CH(C2Hs)C4Ho bh 


2.4 @ 200°C, 





~ Cg) 7OCO(CH2)4COOC8Hi7 


(CH2)4(COOCHio)2 


C22H 420, 


0.928° 
0.922 


<0.12 @ 150° 





0.9168 


232 





Cally 0CO(CH2)4COOC oH; 


915-0.924 


200-235 <0.04 @ 150° 





Ci 9H, 0CO(CH)4COOCi oH 








15. Polypropylene adi pate 





16. Dimethoxyethyl adipate 


CH30C,H,0CO(CH,),COOCH,OCH; 


C1 2H2206 





17. Diethoxyethyl adipate 


CH50C7H4OCO(CH2)4COOC 27A40C2Hs 


C1 4H2606 





18. Dibutoxyethy!l adipate 


19. Dihexoxyethyl adipate 


(C4HoOC 2H4OCOCH2CH>) > 


Cigl 3405 





~ (CH) 4(COOC 2H4OC6Hj 3) 


C29H4206 





20. Dibutoxyethoxy ethyl adipate sue 
71. ‘Di(methylcyciohexy!) adipate 


22. Ditetrahydrofurfuryl adipate 


AZELAIC ACID DERIVATIVES 
23. Di-2-ethylbutyl azelate 
4. Di-Dethyihexyl azelate — 


25 Di-(2-ethyl hexyl) azelate 


[C4H9OC 2H4OC 7H4COO(CH2)2h 


Cz2H4 70 





CH 3Ce6H 100CO(CH 2)4COOC 6H 10CHs 


C29H3404 





_ (C4l70.CH20COCH2CH)2 


Ci 6H26%6 





CoH 30COC 7H; 4COOC 6H); 


“Cally 7OCOC 7H ‘4COOCgHy 7 


0.934° 





0.9184 © 


212 





0.9189 @ 
20°C. 


415 





26. Di-isooctyl azelate 


CgH, 70COC 7H, ,COOCgH,7 


0.918- 
0.920° 


213-219 





~ 27. Di-2-ethylhexyl-4-thioazelate 


S(CHCH2CH2COOCgH, 7)2 


Co4H 460,45 


0.955 





Ee Low temperature pla: plasticizer 


0.948° 





.) Diisobuty! azelate 


((CH3)2CHCH20COKCH2) 


C17H3204 


0.932 





BENZOIC ACID DERIVATIVES 
30 2-ethylhexyl- p-oxybenzoate 


31 Diethylene glycol dibenzoate 


32. Dipropylene glycol “dibenzoate 


33. Ethylene glycol di benzoate he 


HOC6H4COOC gH; 7 


C1 5H2203 


1.4 





C6H sCO(OCH2CH2),0COC6Hs 


CigH} 05 


1.178 
1.1765 


<0.01 





~ C6lisCO(OC3H,),0COC Hs 


C29H2205 


1,129 
1.1260° 


212 1.2@200° 





Cy 6H1 404 


- 186 





4 Triethylene glycol dibenzoate 


C6HsCO(OCH2CH2)30COCgHs 


1.168 


~ 237 





35 Polyethylene glycol (200) dibenzoate 


C6HsCO(OCH2CH2),OCOCgHs 


C20H2206 


1.158 


1.5252 248 





36. Polyethylene glycol (600) dibenzoate 


Cé6HsCO(OCH2CH2),OCOC6Hs 


358 
408 
808 


1.141 


1.4984 264 





37. Benzophenone 


Ce6HsCOCgHs 


C43H 90 


182 


1.0976@50° 1.5975@45° ~ 





*Code for column headings: Sp. Gr. = specific grevity; R.1. = refractive index; F.P. = flash point (Cleveland and Open Cup); V.P. = vapor pressure; B.R. = boiling 


range; M.P melting point; S. in water = 


solubility in water; CA = cellulose acetate; 


CAB = cellulose acetate 


y . CN = cell 





1 nitrate; EC = ethyl cellulose; 


PM = polymethy! methacrylate; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


A GUIDE TO PLASTICS 











COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE MANUFACTURERS® 
MARKS FOR PLASTICIZERS 








* > Abitol (42) 42 





“2 30 2 760 nn! ; Abalyn (42) 2 
FZ, 350 @ 760 mm.* . Hercolyn (42) 42 








4 245 ~ 11, 23, 41 


—~F, 168-170 @ 17 mm. ’ Adimoll DB (30), Kesscoflex DBA (49) 30, 38, 41, 49, 62 
~§. 135-147 @ 4 mm. , Adipol DIBA (17), Darex DIBA (21) 17, 20, 21, 38, 41 
Kesscoflex DIBA (49), Staflex DIBA (20) 49, 52, 62, 74 
“7. 204-206 @ 8 mm. : Kesscoflex DHA (49) 

“E 213-217 @ 4 mm. 


9. 214 @5 ma. Adipo! 2EH(17), DOA 776 (62), Elastex 60-A (2), 
Flexol A-26 (72), Goodrite GP-233 (35), Griffin 
DOA (37), Harflex 250 (39), Kesscoflex DOA (49), 
Kolflex DOA (50), Morflex 310 (60), Permaflex 
DOA (36), Plastomoll DOA (10), Polycizer 332 
(40), PX 233 (61), RC DOA (64), Reomol DOA (33), 
Shawinigan (63) 


Adipol 10A (17), Goodrite GP-233 (35), Griffin 
DIOA (37), Harflex 220 (39), Kesscoflex DIOA (49), 
Morflex 300 (60), PX 208 (61), Permaflex DIOA 
(36), RC DIOA (64), Reomol DIOA (33), 

Staflex DIOA (20) 


Morflex 390 (60), Plastomol! NA (10), 10, 33, 41, 60, 62 
Reomol DNA (33) 


Adipol ODY (17), Adipo! 810 (17), Elastex 82-A 2, 17, 20, 35, 36, 
(2), Good-tite GP 235 (35), Harflex 235 (39), 39, 40, 41, 42, 49, 
Hercoflex 290 (42), Kesscoflex ODA (49), Morflex SO, 52, 60, 61, 62 
375 (60), NODA 775 (62), Permaflex ODA (36), 

Polycizer 532 (40), PX 212 (61), RC NODA (64), 

Santicizer 644 (52), Staflex ODA (20) 

Adipol XX (17), DDA 777 (62), Elastex 20-A (2), 

Flexo! 10-A (72), Good-rite GP-236 (35), Griffin 

DIDA (37), Harflex 210 (39), Hexaplas LMV (45), 

Kesscoflex IDA (49), Kolflex DDA (50), Morflex 

330 (60), Plasticizer GC-100A (37), Polycizer 632 

(40), PX 220 (61), RC DIDA (64), Shawinigan 

..* (65), Staflex DDA (20) 

aa Hexaples LMV (45) 

15 - Hexgolas PPA (45) 45 
16. 185-190 @ 11 mm. Kesscoflex MCA (49) 23, 49 


T7. 16564 mm. - 23 

“18. 208-215 @ 4 mm. Adipol BCA (17), DBEA 779 (62), Kesscoflex BCA 1, 17, 20, 41, 49, 

(49), Plastoflex 3 (1), Staflex DBEA (20) 2 

- = 20, 56 

"20. 240-260 @ 1-3 ma. . TP-95 (71) + 56, 71 
“21. 190-200 @ 3 mm. Sextol adipate (44) a Fae 


“22. 200-207 @ 1.5 mm. oS RFA Go 23 




















JO. 205-220 @ 4 mm. 








P2. 210-232 @ 4 mm. 





B. 238-246 4 mm. 
245@ 5 mm. 























19 Ps 

















23. 230 @ S mm. 


“M4. 37 @5 mm. 


Plastolein 9050 DHZ (28) 28, 49 


Flexo! Z-88 (72), Kesscoflex DOZ (49), Morflex 20, 27, 28, 36, 38, 
410 (60), Permaflex DOZ (36), Plastolein 9058 41, 49, 60, 62, 65, 
(28), Staflex DOZ (20), Shawinigan (65) nN 


* ee 


- ‘ Flexol Z-88 (72) 72 











"26. 225-2446 4 mm. Kesscoflex DIOZ (49), Permaflex DIOZ (36), 20, 28, 36, 38, 41 
= Plastolein 9057 DIOZ (28), Staflex DIOZ (20) 49, 62 
27. 240-270 @ 20 mm. ; Plastomoll TAH (10) 10 
Be 5 un. Piastolein 9078 LT (28) 7, 


“29. 164-177 @ 4 mm. Hg. . Hallco 3880 (38) 38, 49 

















wv 238-247 @ 20 mm. soe i Plasticizer 13 (10) 10 
31. 230-242 @5 mm. f Benzoflex 2-45 (70) 70 








32. 225.235 @ Sam. Benzoflex 9-88 (70), Kolflex 312 (50), 
250 @ 10 mm. Plastoflex MGB (1) 
33. 200-215 @ 5 mm. Hg. Ins. Hallco 870 (38) 38 
4. 223-237 @ 1 on. Benzoflex T-150 (70) 70 
35. 217-290@ 1 mm. 0.08 Benzoflex P-200 (70) 70 
36. 200 d.@1 mm. 8 Of Benzoflex P-600 (70) ee 
37. 305 0.006 a 23, 47, 57 



























































“Code for ibility: C= patible, P = partially patible, I = incompatibl See list on peges 78-79 for key to numbers. “Measurement made at 20°C. 
Decomposes at temperatures in this range. “Pour point. 


PLASTICIZERS CHART 











BIPHENYL DERIVATIVES 
38. Chlorinated biphenyl 1.182-1.192 1.617-1.618 141-150 
39. Chlorinated bipheny! 1.270-1.280 1.620-1.622 152-154 
40. Chlorinated bipheny! 1.378-1.388 1.627-1.629° 176-180 
41. Chlorinated bipheay! 1.447-1.457 1.630-1.631° 193-196 
42. Chiorinatad bipheny! 1.538-1.548 1.637-1.639° None 
43. Chionnated bipheny! 1.646 _ 1.6501-1.6517 
44. Chlorinated bipheny| 1.618-1.629 
45. Chlorinated bipheny! 1.810 
46. Chlorinated polypheny! 1.670 
47. Chlorinated polypheny! 1.470 
48. Chlorinated polypheny! 1.670 
49. Chlorinated polypheny! 1.734 

CAPRYLIC ACID DERIVATIVE 
50. Butanedio! dicaprylate (CH2)2(CH20COC 7H 5)2 0.929 1.4420 

CITRIC ACID DERIVATIVES 
51. Triethyl citrate (C2HsOCOCH2)2C(OH)COOC 2Hs C12H2007 1.136 1.4405@24.5° 155 
52. Tri-m-butyl citrate (C4HgOCOCH2)2C(OH)COOC 4Hy Cigl3207 1.049620  1.4453° 185 
~ $3. Acetyl triethyl citrate (CaHsOCOCH2)2C(OCOCHs)COOC2Hs 4 —- Cx 4H 2208 1.135@23° 1.4386¢2 188 
SA. Acet~l tri-m-butyl citrate (C4HgOCOCH2 2C(OCOC Hg)COOC 4Ho ~=—- Cag 340g 1.046 1.4408@25.5° 204 


~ 55. Acetyl tri-moctyl - - 0.9711 1.4493 480°F. 
n-decy| citrate 20/20°C. 


56. Acetyl tri-(2-ethylhexy!) citrate (CgH; 7OCOCH2)»C(OCOCH3)COOCgHi7 C3 2Hsg0g 0.983 1441 224 
COCONUT OIL DERIVATIVES 
57. Chlorinated coconut oil fatty acids 1.13 1.480 145 
EPOXY DERIVATIVES 
58. Epoxy-type plasticizer 1.451 210 
9. Epoxy-type plasticizer as 1.471 232 
“60. Epoxy-type plasticizer ; 1.4583 207 
~ 61. Epoxy-type plasticizer 0.923 1.457 232 
62. Epoxy-type plasticizer 0.994 1.472 310 
63. Epoxy-type plasticizer 0.991 1.471 310 


64. Epoxy-type plasticizer 0.922 1.4584 265 



















































































65. Epoxy-type plasticizer 0.992-0.996 1.471 310 





66. Epoxy-type plasticizer 0.909 1.452 196 


67. Epoxy-type plasticizer __ D; 0.9160 1.4583 








68. Epoxy-type plasticizer 0.990-0.995 1.471 310 
@. Epoxy-type plasticizer 0.991-0.995 1.471 310 
70. Epoxy-type plasticizer 7 0.993-0.998 1.472 316 
71. Epoxy-type plasticizer a Tr Ae. Soe 0.918 1.457 235 
72. Epoxy-type plasticizer ee Ts 0.988 1.470 
73. Epoxy-type plasticizer ae Ree 0.898 1.447 - 
74 Epoxy-type plasticizer il i is 0.991 1.471 312 
75. Epoxy-type plasticizer ‘ z 0.993 1.471 312 
76. Epoxy-type plasticizer ™S ae. Sh 0.922 1.457 216 
77. Epoxy-type plasticizer ras : : 0.998 1.472 315 
78. Epoxy-type plasticizer = (tst—‘“—Ss~s~s~™~S~—s 0.919 1.460 225 
79. Epoxy-type plasticizers SS” eta i 0.998 1.471 315 
80. Epoxy-type plasticizer my ‘ ark 0.919 1.462 223 
81. Epoxy-type plasticizer 8tt—t=* a, 0.902° 1.454 188 


82. Epoxy-type plasticizer en A Co TE 0.924¢ 1.457 183 
83. Epoxy-type plasticizer 0.923 1.457 260 
84. Epoxy-type plasticizer 0.989° 1.470 310 


85. Alkyl epoxy stearate } eae :. 0.899 1.4537 






























































86. Alkyl epoxystearate - al 0.90 1.45 
(3.5% oxirane oxygen) 


0.7@200°C. 





7, Alkyl epoxystearate | 
(4.5% oxirane oxygen) P hte 
Alkyl epoxy stearate ‘ TS we? ca.350 0.907-0.915° ~ 210 


Octyl epoxy tallate , . 0.928 - - 
Alky! epoxy stearate ; i , 0.900 ~ 265 


~ 0.92 1.46 220 0.6@200°C. 











Epoxidized soy bean oil hol A ; 0.995 1.471 320 


2. Epoxidized soy bean oil i el 5a 0.9956° ‘L427 316 
3. Epoxidized soybean oil 1.4696 600°F. 














ode for lumn headings: Sp. Gr specific gravity; R.1 refractive index; F.P. flash point (Cleveland and Open Cup); V.P. = vapor pressure; B.R. = boiling 
range, M.P melting point; S. in water = solubility in water, CA = cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl cellulose; 
PM = polymethyl methacrylate; PS = polystyrene; VA = polyvinyl! acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


64 A GUIDE TO PLASTICS 











COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE MANUFACTURERS? 
MARKS FOR PLASTICIZERS 








Aroclor 1221 (52) 
Aroclor 1232 (52) 
Aroclor 1242 (52) 
Aroclor 1248 (52) 
Aroclor 1254 (52) _ 
Aroclor 1262 (52) 
|Aroclor 1260 (52) 
Aroclor 1268 (52) 
| Aroclor 4465 (52) 
Aroclor 5442 (52) 
Aroclor 5460 (52) 
Aroclor 2565 (52) 
































435-450 

Fe. 230-320 24 mm. 
77. 215-300 @4 mm. 
#8. 280-335 @4 mm. 
®. - 














AIOALaAlaAla ja jajajaiaia 
Alalalalala jalajaja|aia 
aAlalalalalia jalajajalaia 
AININILAIAIA [oO ja lalajaIa 
AlAIALAIAIN ja ja jaa lala 
aAlalalalalia ja lajaiajiala 
AlNIALAIlAIa ja jajaja jaIia 
aAlalolalaja la lalajaia|o 
ZISIVISIBISIB BSS |Bi8 





50. 211-222 @ 5 mm. ‘ t RC BD-8 (64) 


z 





127 @ 1 mm. 
170 @1 mm. 
132 @ 1 mm. 
173 @1 mm. 


Citroflex 2 (60), Morflex C2 (60) 
Citroflex 4 (60), Morflex C4 (60) 
Citroflex A2 (60), Morflex C2A (60) 
Citroflex A4 (60), Morflex C4A (60) 
Morflex X-1118 (60) 

















Q 


Citroflex A8 (60), Morflex C8A (60) 





ie) 


DP-520 (25) 


oo 
Oo 





KP-90 (17) 

PX-800 (61) 

Admex 745 (6) 
Admex 746 (6) 
Admex 711 (6) 
Admex 710 (6) 
Drapex 4.4 (7) 
Hatcol 16 (41) 
Monoplex S-70 (63) 
Monoplex S-74 (63) 
Paraplex G-61 (63) 
Paraplex G-60 (63) 
Paraplex G-62 (63) 
Monoplex S-73 (63) 
Plastoflex ESO (1) 
Plastoflex EET (1) 
Estynox 130 (11) 
Estynox 140 (11) 
Estynox 408 (11) 
Peroxidol 780 (62) 
Peroxidol 781 (42) 
Kolflex 316 (50) 
Kolflex 317 (50) 
Plastolein 9213 (28) 
Plastolein 9214 (28) 
PX 806 (61) 
Plastolein 9232 (28) 
Drapex 3.2 (7) 
Celluflex (16) 


— 
~t 





Qa 
— 





a;aQia 
aj1aIa 














SDI DAIAD 





be 
_ 


























| |) BB) BH) B/S 





ae 
~ 





mim Ole ll) ol ol oll 
a ee 


_ 
— 





— 
_ 





B 





B 





4] 
i) 





s 





id 
oo 





aA10 
Ny 
oo 





a 
= 





tw 
oo 





240 @2 mm. 
213 @4 mm. 


alalalalalalalalalalalalalalalalajalajajalalajajajajajala 
) 


alalalalalalalalalalalalalalalalalajajajajajajalajajasaja 


alalalalalalalalalalalalasalajalajajajajajajajaiars 


c 
c 
c 
Cc 
c 
Cc 
c 
c 
c 
Cc 
c 
Cc 
Cc 
c 
c 
P 
Cc 
P 
c 
c 
c 
Cc 
c 
c 
c 





_ 
a 





226 @4 mm. 


oO 
oO 
a 
a 


Celluflex (16) 





88. 200-220 @4 min. O01 
89 - <0.01 
250 @5 min. __lns. 


Plasticizer W-51 (74) 
Plasticizer W-52 (74) 
Plasticizer W-53 (74) 
Epoxol 7-4 (69) 
Flexol EPO (72) 
Flexol JPO (72) 











150 @Smm.  -25® <0.01 


130 @S mm. <0.01 








alalalalala 
alajajajlala 
alalalalala 
alalalalalo 



































\ 








a 

Cox orc ity: . P P b . 

. de for compatibility: C = compatible, P = partially compatible, I = incompatible. See list on pages 78-79 for key to numbers. “Measurement made at 20°C. 
Decomposes at temperatures in this range. "Pour point. 


PLASTICIZERS CHART 




















v.P. 












































































































































































































































































































































































































































*C. mm. Hg. 
4. Epoxidized soy bean oi! ~ ~ Approx. 1000 0.996 1.472 310°C. ~ 
9S. 2-ethylhexyl epoxy tallate - - Approx. 416 0.9221° 1.4513 232 0.3 @ 200 
ETHER DERIVATIVES 
96. Dibenzy! ether (C6lHsCH2),0 Cy4Hy40 198 1.0428° - - ~ 
ETHYLENEDIAMINE DERIVATIVES 
97. (Bis(p-(1,1,3,3-tetramethy! butyl) (CH3C(CH3)2CH2C-(CH3)2C6H4)20 C2gH420 395 0.92-0.95 - - - 
phenyl) ether) ©25/4°C. 
98. Bis-alphe-methylbenzy! ether CeisCHICHSOCHCHs)CoHs __—_—CyglygO 6 1.0017 1540e® 135 <O.0le% 
7 7 
©. ea ears gue 5 (C4lHigO), ca.10,000 0.94 1.450 - . 
100. Pol [~CH-CH2- ca. 32,000 1.9 1.455 - - 
Wiig at O-Clis ¢ (Celle), 34,000 
ETHYLENEDIAMINE DERIVATIVES 
101. Polyoxypropylated H(CaH40),(C3H60), 
Polyoxyethylated 2NCHgCH2 - 3400-7500 1.02-1.04 ~ <250°F. _—Nil 
Ethylene diamine M(C3H60),(C2H60)y2 
"102. NLN,N’N” tetrakis (HO—CHCH3~CH2) ue 292 103 1.48 - 2.5 mm. 
(Lhydroxy! propyl ethylene diamine) N—CoH4-N Hg. © 200° 
(CH2—CH3HC-OH)2 C. 
ETHYLHEXOIC ACID DERIVATIVE 
103. 2.2°(2-Ethythexamido diethyl (C7HysCOOC2H4)2NCOC7H15 C2gHs3NOs 484 0.9564" 1.458° 216 0.5@200° 
di-(2-Ethylhexoate) 
FORMAL 
104, Dibutoxy-ethoxyethy! formal (C4HgOCH40C2H40)2CHe Ci 7H3606 336 0.97 - - - 
FUMARIC ACID DERIVATIVES 
105. Diphenoxyethy! fumarate (CéHs0C2H40CO)2C He C20H2006 356 1.08 - - ~ 
106. Dibuty! fumarate CaH2(COOC4H9)2 C1 2H2004 78 0.986 1.444 138 ~ 
107. Diocty! fumarate CaH2(COOCsHi7)2 C20H3604 340 0.934 1.544 13  0.3¢100 
GLYCEROL DERIVATIVES 
108. Glycerol monoacetate CH3COOCH2CHOHCH 70H CsH1004 134 1.190 14535 148 - 
109. Glycerol diacetate C3Hs(OHMOCOCHs)2 C7Hy20s5 176 1.186 = 146 ° 
110. Glycerol triacetate CH3COOCH2CH(OCOCHs)CH20COCH3 Coli 406 218 1.160 1.429 133 - 
111. Glycerol tripropionate C3Hs(OCOC2Hs)3 C12H2006 260 1,078° 1.431° ~ ~ 
112. Glycerol tributyrate C3Hs(OCOC3H7)s Ci sH2606 302 1.035° 1s Ce - 
113. Glycerol ether acetate - “CosHse0;2 _—482 1.140 1.445 155 + 
GLYCOL DERIVATIVES 
114. Ethylene glycol dipropionate (CH20COC 2Hs)2 CgHi 404 174 1054@15° 1.419 - = 
115. Ethylene di (CHOCOC;Hy, CoH 04 202 1.024@0° 1424 - - 
116. Diethylene glycol dipropionate (CHgCH2COOCH2CH2)20 CyoHygOs 218 1.066€ 1.429 127 - 
117. Triethylene glycol diacetate (CHg0CH2CH20COCH3)2 CyoH1806 234 1.115 1.437 - - 
118 Tnethylene glycol dipropionate (CHgOCH2CH20COC 2Hs)) Ci2H2206 262 1.066 1.436 - <0.01° 
119 Tnethylene glycol di-(2-ethyl butyrate) CH; 1CO(OC2H4)30COCsHi1 CisH3406 6 0.9946" 1.4404" 196 58 @200° 
120. Triethylene glycol di-caprylate-caprate = - 400 avg. 0.965 1.4455 185 - 
121. Triethylene glycol di-(2-ethylhexoate) C7Hy sCO(OC2H4)30COC7His C22H4206 403 0.967F 1.4441° 207 1.85 @ 200° 
122. Triethylene glycol dicaprylate (CHg0CHyCH20COC 7H 5)2 C29H4206 408 0.966 143 205 = 
123. Tetraethylene glycol dicaprylate (C7Hy sCOOCH2CH20CH2CH2)20 Co4la607 447 0.985 . 210 - 
124. Polyethylene glycol di{2- C7Hy sCO(OC2H4),0COC7His - - 0.9892 «—«1.4470°——«02 - 
ethylhexoate) ot ea (X averages 4) 
125. 1, 2, 6 ~ Hexanetriol HOCH2CH(OH\X(CH)3CH20H C6H1403 134 1.1068 L477I° 86191 <0.01 
126. Polyethylene glyco! 200 HO(CH2CH20),H = 200 avg. 1.124% 1.459 171 a 
1.127 1.4591° 
127. Polyethylene glycol 30000£2=«2~" HO(CH2CH20),H = 300 avg. L12s*- 146 »>204 - 4 
1.127 1.4641° 
128. Polyethylene glycol 4002 « HOXCH2CH2O),H - 400 avg. 1.125*  —«1465—~C«=S=SD = 
+ he naa oe 1.128 1.4661° 
129. Polyethylene glycol 600 = HO(CH2CH20),H - 600 avg. 1.125*- 1466 >232 ~ 
wes eS o> a a 1.128 1.468 
130. Polyethylene glycol 1000 HO(CH2CH20)xH = tam 1000 avg. 1.085 = >232 - 
131. Polyethylene glycol 1500 and 550B HO(CH2CH20),H - 550 avg. 1.151" ~ 221 - 
132. Polyethylene glycol 1540 and 1450 HO(CH2CH20),H - 1300-1600 1.15 = 266 ° 
133. Polyethylene glycol 2000 HO(CH2CH20),H - 1900-2300 1.21 = - = 
134. Polyethylene glycol 4000 HO(CH2CH20),H ~ 3000-3700 1.204" - 278 - 
135. Polyethylene glycol 6000 HO(CH2CH20),H ~ 6000-7500 . - 271 - 
136. Polyethylene glycol 9000 HO(C2H40)nC2H40H one 9500 1.212 - 520 - 











range; MP 

















acetate buty 


- CN = cellul 





A GUIDE TO PLASTICS 


“Code for column headings: Sp. Gr. = specific grevity; R.L = refractive index; F.P. = flash point (Cleveland and Open Cup); V.P. = vapor pressure; B.R. = boiling 
* melting point; S. in water = solubility in weter, CA = cellulose acetate; CAB = cellul 


PM «= polymethyl methacrylete; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


nitrate; EC = ethyl cellulose; 














$. IN COMMON NAMES, TRADE 
WATER DESIGNATIONS, AND TRADE MANUFACTURERS” 
MARKS FOR PLASTICIZERS 


MP. 








°C. % by wt. 


Be 05° ins. c C_|Drapex 6.8 (7) 
~ 9. >215@5 mm. 145 <0.01 Flexol EP-8 (72) 








96. 295-298 45 Ins. Plastoflex DBE (1) 





97 Ins. Plasticizer 1099 (24) 








Ins. in 
Ins. Lutonal A25 (10) 








Ins. Lutonal ASO (10) 





701, 901: 701: 


Teutronic 701, 901, 904 (76) 
liquid slight; 
904: 901,904: 


paste a 
liquid - Quadrol (76) 











256 @ 5 mm. Flexol 8N8 (72) 





TP-90 B (71), Reomol BCF (33) 





125-127 Ins. - 57 


-19 Ins. DBF 774 (62), RC DBF (64) 41, 52, 62, 64 
“707. 160 @ 10 mm. —@2 0.15% @2: DOF 773 (62), RC DOF (64) 41, 62, 64 











. 160-178 @ 30 mm. <-—30 
“10. 142-153 @ 11 mm. <-30 
259-262 -78 

177-182 @ 20 mm. <-S 

315 <-75 

om 41 


Acetin, Kesscoflex MOA (49) 23, 49 
Diacetin, Kesscoflex DIA (49) 23, 49 
Triacetin, Kesscoflex TRA (49) 2, 27, 38, 48, 53 
Tripropionin 23 
Tributyrin pis el 2, 27 
W-90 (10) , 10 

















aAfalralalara 
a1a 





ie) 





211 
_. 
5. 110-118 @4 mm. 
117. 170-197 @ 20 mm. 
18. 138-142 @ 2 mm. 
196 @5 mm. 
120, 180-247 @ 2.5 mm. 


Ethylene dipropionate ; 23 
Ethylene dibutyrate By 23 
“ ne 23 
~ 23 
m aia B 

















Flexol 3GH (72) re n 








Eldoplast 45(32), RCTG-85(64) —==——=32, 38, 41, 49, 64 
Flexol 3GO (72) 41, 72 


121 219 @5 mm. 

122. 227-278 @6 an. RC TG-8(@), SC (25) ~~ 35, 40, 41, 49, 64 
123 <s DP-200 (25) Mi a ES 25, 40, 49 
“14. 250@5 mm. 


Flexol 4GO (72) ‘i nN 





HLQALALAIaAlLalalala 
ALAINLAIALaALaALaLa 











2) 





- ; G: 72 
Carbowax 200 (72), Pluracol E200 (76), P-4 (10), 10, 24, 72, 76 
Polyglycol E200 (24) 


Carbowax 300 (72), Pluracol E300 (76), P-6 (10), 10, 24, 46, 72, 76 
PEG 300 (46), Polyglycol E300 (24) 


Carbowax 400 (72), Pluracol E400 (76), P-9(10), 10, 24, 46, 72, 76 
PEG 400 (46), Polyglycol £400 (24) 


Carbowax 600 (72), Pluracol E600 (76), P-13 (10), 10, 24, 46, 72, 76 
PEG 600 (46), Polyglycol E600 (24) 

Carbowax 1000 (72), Pluracol E1000 (76) 24, 72, 76 
Carbowax 1500 (72), Pluracol E Blend 500 (76), 10, 24, 72, 76 
P-34 (10) i 

Carbowax 1540 (72), Pluracol F 1500 (76) 24, 72, 76 
Pluracol E 2000(76) 76 
Carbowax 4000 (72), PEG 4000 (46), 24, 46, 72, 76 
Pluracol E 4000 (76) age 


Carbowax 6000 (72), P-90 (10), PEG 6000 (46), 10, 24, 46, 72, 76 
Pluracol E 6000 (76) iene 


Polyglycol E-9000 (24) 24 


2) 


135.178 65 mm. 










































































*Code for compatibility: C = compatible, P = partially ibl incomp See list on pages 78-79 for key to numbers. “Measurement made at 20°C. 
‘ecomposes at temperatures in this range. © Pour point. 


PLASTICIZERS CHART 











137. Polyethylene glycol 20M 


HO(CH2CH20),H 





138. Polypropylene glycol 400 


HO(C3H60),H 





139. Polypropylene glycol 750 


HO(C3H60),H 





140. Polypropylene glycol 950 


HO(C3H60),H 





141. Polypropylene glycol 1200 


HO(C3H60)xH 





142. Polypropylene glyco! 2000 


HO(C3H60),4 





143. Polypropylene glycol 3000 


HO(C3H60)nC3H6OH 





144. Polypropylene glycol 4000 


HO(C3H60)eCs HeOH 





145. Polyalkylene glycol derivative 


R-O(C3HeO)H 





146. Methyl phthalyl ethyl glycolate 


CH3O0COC 6H4COOCH2CO0C 7Hs 





147. Ethyl phthalyl ethyl glycolate 


CaHsO0COC 6H4COOCH2COOC 2Hs 





148. Buty! phthaly! butyl glycolate 


C4HgOCOC6H4COOCH2COOC 4Ho 





149. Di (2-ethylhexyl) digyicolate 


O[ CH2—CO0-CHp-CH(C2Hs)C4Hol2 





150. Polyoxypropylene glycol 


HO(C2H40)_(C3H60),(C 2H40)-H 


2 ethylene oxide 
151. Polyoxypropylene glycol 
ethylene oxide 





HO(C2H40)e(C3H60),(C2H40)-H 





152. Polyoxypropylene glycol 
nee 


153. Polyoxypropylene glycol 
‘ethylene oxide 


HO(C2H40)_(C3H60)»(C2H40)-H 





~— HO(C2H40),(C3H60),(C2H40).H 











0.873 1.4893 - 
0.8715 1.4896 - 
ca.0.96-0.97 ca.1.54-1.55 - 
1,004-1.005 1.567-1.568 174 
1.001-1.007 1.560-1.575 174 
1.02-1.07 1.6 121 
0.960-0.975 1.590 210 
1.09 1.591 - 
1.051 @ 15.5° - . 
0.8850 1.4836 130 
0.944@15.6° 1.5556 146 
0.948@15.6° 1.5568 149 
1,061.09 1.601. 


0.9847 1.562 @ 20 185 
168. Aromatic hydrocarbon 1.07 1.606 191 


169. Aromatic hydrocarbon , is = ' . 0.9786@15.6° —- 221 
170. Hydrocarbon type 0.8am9° 1.49 135 
171. Aromatic hydrocarbon 1.014@15.S° 1.577-1.597° 182 
172. Aromatic hydrocarbon 1,032@ 15.5° 1.590-1.630° 212 


LAURIC ACID DERIVATIVES 
173. Butyl laurate 
174. 1,2-Propylese glycol monolaurate 
175. Ethylene glycol monoethy! ether laurate 
176. Ethylene glycol monobutyl ether laurate 
177. Glycerol monolaurste 
178. Diethylene glycol monolaurate 



































164. Polyaromatic hydrocarbon oil 
16S. Polyaromatic hydrocarbon oll 



































Ci ,Ha3COOC4Ho 
C11H23COOCH2CHOHCHs 
Cy1H23COO(CH220C2Hs 
CisHg3COO(CH2)20C4Ho _ 

C1 ;Hg3COOCH2CHOHCH2OH 
C11H23COOC2H40C2H40H 


0.8S7° 
0.911 
0.89 
0.883 
0.970 
0.960 





C15H3003 
C16H3203 
CigH3603 
___CisH3004 
Ci6H3204 




















CiiHgsCO(OCgH4),COOCiiH23 





179. Polyethylene glycol 400 dileurate 
MALEIC ACID DERIVATIVES 
180. Di-n-butyl maleate 


0.97 








C4HgOCOCH : CHCOOC 4Ho 
C2H2(COOCgH17)2 


0.9944 
0.944 


C12H2904 
C20H 3604 


181. Dioctyimaleste = 





MYRISTIC ACID DERIVATIVES 
_182. Isopropyl myristate 
183. m Butyl myristate 
. Ethylene glycol monomethy! 
ether myristate 
NAPHTHALENE DERIVATIVES 
185. Mixed amylnaphthalenes 
NITRILE DERIVATIVE 
186. Fatty acid aitrile 263 
OLEIC ACID DERIVATIVES 
187. Methyl oleate 
188. nm Propy! oleate 
189. Isopropyl oleate 








C13H27COOCH(CH3)2 
C13H27COOC4Hg 
C13H27COOCH2CH20CH3 


0.849 
0.861 
0.895 


__Cr7tis4O2 


CigH3602 
Cy7H3403 














CroHe-n(CsHi wn 0.92-0.94 1.5452 





0.847 1.462 @ 30° 





C4 7H33COOCH; C149H3602 296 
C17H33COOC3H7 C23 H4002 324 0.869 14% «= -B 

C1 7H33COOCH(CH3) C21H4902 324 0.866 = - 

*Code for column headings: Sp. Gr. = specific grevity; R.L = refractive index; F.P. = flash point (Cleveland and Open Cup); V.P. = vapor pressure; B.R. = boiling 

range; M.P. = melting point; S. in water = solubility in water, CA = cellulose acetate; CAB = cellulose acetate b CN= 1 nitrate; EC = ethyl cellulose; 

PM = polymethy! methacrylete; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


0.870 1.4505 














mes A GUIDE TO PLASTICS 














COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 
MARKS FOR PLASTICIZERS 


MANUFACTURERS” 





Carbowax 20M (72) 





Polyglycol P 400 (24),-Pluracol P 210 (76) 





Polyglycol P 750 (24), Pluracol P 710 (76) 





Pluracol P 1010 (76) 





Polyglycol P 1200 (24) 





Pluracol P 2010 (76) 





Polyglycol P 3000 (24) 





Polyglyco! P 4000 (24) 





Flexol B-400 (72) 





“Ts. 189 @5 mm. 


Santicizer M-17 (52) 





147. 190 @ 5 mm. 


Santicizer E-15 (52) 





“Ys. 219 € 5 mm. 


Reomol 4 PG (33), Senticizer B-16 (52) 








Pluronic L 44 (76) 





Pluronic L 62 (76) 





Pluronic L & (76) 





Pluronic F 68 (76) 





14 


Conoco H-300 (19) 





15. 313368 


viv 


Conoco H-35 (19), Piccocizer 40 (59) 





156. - 


HB-20 (52) 


8 





“157. 340-396 


Neville R-29 (S5), Picco 10 (39) 


Ps 
g 





138. 340396 


HB-40 (52), Plasticizer 136 (2) 





19. 300-370 


Nevinol (55) 





160 - 


Aromatic Plasticizer 25 and 10 (59) 








“16. >220 @ 2 mm. 


Kenflex A (48) 





Panaflex BN-5 (5) 





Kolflex 314 (50) 





Panaflex BN-1 (5) 





Panaflex BN-2 (5) 





“166. 300-370 


Nevillac 106° (55) 





Mobilsol N (68) 





Picco 25, Picco 10 (59) 





Mobilsol K (68) 





Mobilsol L (68) 





171. 135-240 Sor 


Dutrex 25 (66) 





172. 163-275 - Ins. 


P 
P 
c 
P 
c 
c 
I 

c 
c 
P 
c 
c 
c 
P 
I 

c 
P 
c 
c 


ViVIPViOl—|—/Q/QA/O/DVlA/aQ|—|/A/a)/T I 


Dutrex 20V (66) 


Nn 
Rl KR) BS) Bl) S] Bl A) | w| S) u/ S| S) AB 





173. 175-260 @ 20 mm. 0 Ins. 


Kesscoflex BL (49) 


25, 31, 49 





174. rs 012 Ins. 


Nopco (56) 


25, 34, 38, 49, 56 





1. - <?to-il tes. 


Ethoxyethyl laurate 


38, 49 





“176. 156-198 @5 mm.  -3to—12 Ins. 


Butoxyethy! laurate, Kesscoflex BCL (49) 


aA;a;alaia 


38, 49 





26-28 Ins. 


Nopco GML (56) 


2S, 29, 34, 38, 49, 56 





911s Ins. 


Glaurin (34), Nopalcol 1-L (56), 
Witco DGL (75) 


1, 25, H4, 38, 49, 
56, 75 


’ 





414 Ins. 


oO 


U, 8, 8, 5%, 7% 





<-80 - 


Darex DBM (21), RC DBM (64) 


2, 21, 52, 57, 62, 4 





"181. 195-207 @5 mm. Hg. -50 -0.Qe@ 


RC DOM (64) 


co] 





9, 49, 57, 74 





a =... 


9, 49, 57, 74 





‘1&4. 175-180 


57 





18. 290-400 


Pentalene 195 (58) 


58 





\ 186. 330360 


Arneel OD (8), ODN (40) 


8, 40 





_187. 167-170 @2 mm. . I P 


Eldo (32), Emery 2301 (28), Nopco 2060 (56) 


1, 28, 32, 56, 70 





‘188. 181-189 @2 mm. . | i] P 


Emery 2302 (28) 


28, 49, 57, 74 














189 173-181 @2 mm. = . tit ep 


























49, 74 








“Code for compatibility: C = compatible, P = partially 
composes at temperatures in this range. *Pour point. 


PLASTICIZERS CHART 


See list on pages 78-79 for key to b 


made at 20°C. 

















“ee. 
“aT 
25°C. 





0.865 

















































































































































































































0.876 <0.01 
192. Octy! fatty acid esters 2 = See bE 36 Ctéi«C 14320 210 <0.060 150° 
193. 2-ethy! bexy! epo ty oleate eet ‘Coslise 410.65 0.899 1.4839 ~ eae 
La. stat it aS 5 . — enc. 620°C. 
194. Ethylene glycol monomethy! Cally 7CH = CH(CHa)7COOC2H4OCH3 «= Cas Hans 1 or” 143-1455 197 0.23 150° 

¢ ° 
195. 1, 2 Propylene = glycol moacoleate Jeate “ ~ Cy qliggCOOCHCHOHCHs net C24Ha0 Oo; Hw 0.91-0.92 - = =. a 
196. Ethylene glycol monobutyl ether oleate Ci 7H33COOCHZCH20C 4g = Caglges 382 0.887 ~ - - 2 
197. Tetrahydrotartary! oleate 4 ___Ca7HissCOOCH2-OCaity = CazHiggO3 3867 0.921-0.923 __ 1.4622 210 = 
198. Glyces! moaocoleate C17H33COOCH2CHOHCH20H Ca H4q0 357 0.945 7 e - 
199. Diethylene glycol moncoleate ~~ CygliiggCOOC 9H 40C2H40H ‘Colign, 82=—S 7 0.938 o - a 
PALMITIC ACID DERIVATIVES t= 7 
200. Isopropyl! palmitate gly COOCHICH); C19H3802 299 0.830-0.850 1.425-1.445 - _ 
201. » Buty! palmitate <a CysH3,;COOCsHy C29H4002 313 0.865 1.4429 185 > = 
202. Iscoctyl palmitate ‘ene CisH3iCOOCsHi7 = =—=s—s—““s=s_—«Caabiag 2 368 0.863° - 23 > 
203. Tetrahydotertury! palmitate OS a a . ee ee ee 
PARAFFIN DERIVATIVES 
204. Chloriasted peraffie <n saewe | 1131.14 1.500 None e 
205. Chlorinated paraffin - CosHasCl7 So4 1.162-1.175 - None - = 
206. Chlorinated paraffin WS ie _- CoalasCly  —580 1131.17 1.504 None - 
207, Chlonaated paraffin Ll - 
28. Chlorinated paraffin an - ____ Cag izgClas 1060 1.16-1.17 1.535 None - 
PELARGONIC ACID DERIVATIVES 
209. Diethylene glycol dipelargonate (Cg; 7COOC2H4),0 C22H420s5 362 0.966" 1.4451.446 210 “s 
210. Tnethylene glycol dipelargonate (CH20CH2)2(CH20COCsH17)2 Colas 431 0.964¢ - 216 - 
PENTAERYTHRITOL DERIVATIVE 
211. Pentacrythritol fatty acidestee == - - 0.997 1.453 247 «=: 0.27020" 
PHOSPHORIC ACID DERIVATIVES 

212. Triethy! phosphate (C3Hs0),PO0 CoH y504P 182 1.065-1.072° 1.4055¢ 116 10@73° 

‘213. Tributy! phosphate (C4lig0);PO Cy9H2704P 266 0.973-0.983° 1.4226° 1% - 

214. Tri-Z-ethythexyl) phosphate = [CyHigCH(CoHis)CH20]3PO = Calls 04P 435 0.9260 =: 1.4434" 207 «= s:«1.9020 

‘21S. Tributoxyethyl phosphate === (C4lig0C 9H40)3P0 ~_ Cygltg9O7P 398 1.020 1.434 222 8 §©<0.100150 

716. Tripheny! phosphate (C6Hs0)3PO0 CygHsO4P 326 1.185-1.202 1.563-1.5518 225 - 

217. Cresyl diphenyl phosphate $= «||| (CH3CoH4OXCoHsO)PO Cyl 404P 337 1.208 1.560 232 «(5.0022 

218. Tricresy! phooghate ~ (CHyC6li40),P0 CayHa104P 368 —«-:1.165-1.168° 1.553-1.556 225-235 <0.MeiSP 

1.145 

219. Tri-dimethylpheny! phos phate  ((CHghColg0lsPO = Coglia7P 0—ié40 1.145 1.5535 23.2 <O0.1e2? 

220. Aly! phophate este “Wins tor pbvieylaiecbo) SSCS 

‘Zl. Alkyl aryl phosphate = (Cg 7OXC og 9)PO ___ Cagllg7O4P 2 1.089-1.093 1.507-1.510 224 1 @ 153° 

222. Dipheny! mono-o-xeay! phos phate (C6Hs0))(C6HsCgH40)PO Co4Hy904P 402 1.20260° 1.582-1590 225 - 

260° 

"223. Diethyl ethyiphosphonate ~ CaHsP(OMOC Hs) | Celys0,P 166 1.025° 1.4148° 105 - 

DA. Dibuty! butyl phosphonate C4HgP(OXOC4Hg)2 Cy9H275P 250 0.48 ~—«1: 4310 155 - 

225. Bis(2-ethythexy!l) CgH,7P(OXOC gH, 7) Co4Hs105P 419 0.908° 1.4481¢ 215 - 

2ethythexyiphosphonate = om ae: ty RE TI ER Sa ee ER ~—Sa 

226. 0, O, O-triethyl phosphorothioate = __(Colis0)3Ps ___CoHys03PS 198s‘. 1.4458 107 ~ 

227.0, 0, O-tzimaty! phosphorothioate  =-S§»-—§——(CaHlgO)sPS C1 9Ho705PS 282 0.987 1.4491 146 - 

228. 0, O, O-triisodcty! phos phorothioate ___ (CaHy70)5PS Coglls 05PS 451 0.933 1.4580 210 - 

229. Tris(2-chlcroethy!) phosphite = | — (CLCH,CH20);P CeHy20sCLsP 270 1.353 1.4858 191 = aa 

230. Trichioro ethy! phos phate ____ (CLCH{CH20),P0 CoHy204CL3P 286 1.425¢ - 246 - 

231. Trisdichloropropy! phos phate RO te i RR ey ot 430 1.513 1.5018 249 «a 

PHTHALIC ACID DERIVATIVES 
232. Dimethy! phtha late CeH4(COOCH3) C10H1004 194 1.189-1.19  1.5168° 146 <0.01¢ 


233. Diethy! phthalate 


234. Dipropy! phthalate 





range, 1 P. 


7° 


___CAfCOOC Hing 


Celig(COOC Hs) 






Cy2H 404 


1.192-1.194¢ 








m 1.118-1.123¢ 1.5019 








Ci4H 804 


250 1.071 1.494 - 





<0.01° 









“Code for column heedings: Sp. Gr. = specific gravity; R.L «= refractive index; F.P. = flash point (Cleveland end Open Cup); V.P. = vapor pressure; B.R. = boiling 
= melting point, S. in water = solubility in water; CA = cellulose acetate; CAB = cellulose acetate b 
PM = polymethyl! methecrylate; PS = polystyrene; VA « polyvinyl acetate; VB = polyvinyl butyrel; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


CN = 





A GUIDE 


nitrate; EC = ethy! cellulose; 





TO PLASTICS 

















| eo) eo) eo) 


ee eS 








°C. % by wt. 
190. 190-230 @ 6.5 mm. <-10 = Ins. 





MANUFACTURERS” 





Harflex BO (39), Kesscoflex BO (49), Nopco 1, 9, 17, 31, 38, 
— “a5 





191. 200-240 @ 20 mm. 


’ 





192. 210-239 @4 mm. 


Ohopex R-9 (17) 





198. - 


Flezol EP-6 (72) 





Jo. 198-225 @4 mm. 


Methoxyethy! oleate, Kesscoflex MCO (49), 





Kapsol (17) 





19%. 192-221 @2 mm. 


Butoxyethyi oleate, Kesscofiex BCO (49) 





197. 240 © 5 mm. 


Plastofiex VS (1), Piastolein 9250 (28) 





Emery 2221 (28), Nopco GMO (56), 
Witco GMO (75) 





Nopalcol 1-6 (56), Witco BGO (75) 








201. 215-265 @ 20 mm. 





202. 218-235 @ 5 mm. 


Morflex 1123 (@), RC 6-16 (64) 





"MS. 195 @ 1.5 mm. 





Chiorowax LV (22) 





Clorafin 42 (42), CP-40 (46), W-40 (10) 





Ceraclor 42 (45), Chlorowax 40 (22) 





Chiorowax 50 (22), W-50 (10) 





Chiorowax 70 (22) 





209. 229 @ S mm. 


Plastolein 9055 DGP (28), RC DG-9 (4) 





‘0.2 225-255 @S mm. 


Plastolein 9404 TGP (28), RC TG-9 (64) 





211. 261 @4 mm. 


Hercoflex 600 and Hercoflex 707 (42) 





212. 216 -% oo 





213. 177-178 @ 27 mm. <-80 0.60 


— 
= 
— 
oo 





24. 220@5 am. -74° = <0. 


Flexol TOF (72) 





25.215-228¢4mm. <-70 O1 


KP-140 (17) 





216. 220@5 mm. 49.2 0.002@549 


Celluflex TPP (16), Disflamoll TP (30), TPP (35) 


eels|x 





7.- 2a ae tes. 


Celluflex oreo 
Reomol 21P (33), Santicizer 140 (52) 





718. 265-285 @ 10mm.  <35 Ins. 
to<-80 


Celluflex 179-EG 179C (16), Disflamoll TKP (30), 
Kolflex (50), Kronitex AA (17), Lindol (16), 
PX-917 (61), TTP (3) 


= 





719. 225-295 @ 10 mm. -35 0.0@ 
(pour pt.) @25° 


Trixyleay! ite, Celluflex 179-A (16), 
Kronitex K3 (17), TXP (33) 





70. i ee - 


Vircol 189 (73) 





Santicizer 141 (52) 





20. Sol 
221. 230 @ 51 mm. _= - 
222. 250-285 @ 5 mm. 7 Ins 


RISB) Si2Bss 


Dow P-5 (24) 





2B. 283 @ 1 mm. 


7) 
¥ 


. 





224. 127-128 @ 2.5 mm. 





2S. 160-161 @ 0.25 mm. 





"26. B 5-94 @ 10 mm. 





‘27. 142- M4545 0 5 mm. 





28. 160-1706 0.2 mm. 





PRE E) BB 


29. 119 @ 0.15 mm. 





BO. 208 @ 10 mm. 


hed 
N 


Celluflex CEF (16,43), Disflamoll TCA (30) 


Ss 
s 





Bi. = 


alsjalaiaja} ajaja 


Celluflex FR-2 (16) 





232. 282 


DMP 771 (62), Kolflex DMP (50), Palatino! M (10), 
Reomol DMP (33), Unimoll DM (3C) 


ay 
te 


Ss 


Be 
Ss 





233. 296 


» 
Be 


DEP 770 (62), Kolflex DEP (50), Palatinol A (10), 
Reomol DEP (33), Unimol! DA (30) 


be 
BS 














4.12912 61 mm. 


























. 
S 
B/SS8/8SS 





a 
Code for compatibility: C = ible, P = all 





Pp ? y 


composes at temperatures in this range. “Pour point. 


PLASTICIZERS CHART 


See list on pages 78-79 for key to b 














236. Di-iscbetyl phthalate 
237. Diamyl phthalate 
238, Dikexy! phthalate (n or iso) 





239. Dimethylisobutylcarbinyl phthalate Cel4lCOOCH(CHs)CH2CH(CH3)2]2 
240. Buty! octy! phtha kate 





241. Buty! octy! phthalate 


‘242. Butyl decyl phthalate 
243. Buty! isodecy! phthalate 
(Decy! buty! phthalate) 


244. Buty! tso-hexy! phthalate 


 — 


Ce6lHg(COOC 4He) 170-185 - 1.1@150 





Cog COOCH2CH(CH3 a) C16H22% 174 








Colig(COOC SH 1)2 Cygl 26% 171 





(COO 4HgCeH4(COOC gH 5) 


CoH4(COOC6H13)2 19 


188 


C20H30% 
C20H3004 
C20H3004 








C4lgOCOC6H4C OOC gH 17 





C23H3403 
C2qH3404 


199 
193 
1% 





__ CACO COE 19a, 
C4HgOCOC6H4COOC oH 21 





B/8/S) S/S/eik\3 





CisHiasO 174 





24S. Di octy! phthalate 


CoHglCOOCH7CH(C2H2)C 4H] CysH 9102 <0.01 





246. Di-w-octy! phthalate 


CoH4(COOCgHi7) C2qH3904 219 <0.20015e 





247. Dioctyl isophthalate 


C6H4(COOC3H17)2 - 





248. Di-isoocty! phthalate 


3) 3/2)/3)5 


CelHg(COOCgH 17) C2gH3g04 210-221 1.060200 





249. Dicapry! phthalate 


CoH4(COOCgH1 7) 








250. Mixed alcohol phthalate 


Blended alcohol 
(average 8-carbon) phthalate 





251. Mixed alcoho! phthalate 


C6H4(COOR) 
R = CgH;70.CioH2) 





252. Di-{2-ethythexy!) phthalate 


53. Di-(2-ethythe ry! )hexahydrophtha late 
. Dinony! phthalate 


. n-Octyl-n-decy! phthalate 


6. Octyl decy! phthalate 
(Iscocty! isodecy! phthalate ) 
(Isoocty! decy! phthalate) 


. Di-decy! phthalate 
(i-tsodecy! phthalate ) 


. Ditridecy! phthalate 
_ Ditridecy! phthalate 


. Blead (50/50) of di-octy! and 

di-octyl-decy! phthalates 
1. Blend (50/50) of di-octy! and 

di decy! phthalates 

. Octyl fatty phthalic ester 

_ Ethylhexyl-decy! phthalate 

. Butyl-ethythexy! phthalate 

. Mixed alkyl phthalates 

. Mixed alky! phthalate 

. Mixed alky! phthalate 

. Mixed alky! phthalate 


. Fatty acid phthalate 


*Code for column headings: Sp. Gr. = specific grevity; R.L « refractive index; F.P. = flash point (Cleveland and Open Cup); V.P. = vapor pressure; B.R. = boiling 
= melting point; S. in water = solubility in water, CA = cellulose ecetate; CAB = cellulose acetate 


range, MP 


Mixed Ester of Butanol and 2-Ethy! Hexanol 


CeH4(COOCgH17)2 





397 
419 


__CaatigaOe 
Coplan0g 


Colt yol COOCH2CH(CoHs)C 4H] 2 
C6H4(COOCoH 19)2 


0.9586° 
0.965-0.972 


1461 
1.4812 








~ Cglly7OCOC6H4COOCioH2, «Cag 0.968 1.481 








Cglly7OCOC6H4COOC iol; Cr6lg20, 0.967-0.973 1.482-1.486 





Celig(COOC joH21)2 ~ 0.961-0.967  1.4835° 


Colig(COOC j 331) 
CliglCOOC Haz da 





1.20 20° 
0.54 6 200° 
1.8 @ 207 


’ * te = __ 0.959@20/20° 1.479 
Mixed Ester of Octyl and Decyl Alcohols 0.9729 _1.4851° 
0.9941 1.4868 


415°F 
229 
“210 


10104 - 


iim -  . 
li NI 
0.973 1.482 218 - 


A <0.066150 








Blend of 2/3 DIDP and 1/3 BBP 
Blend of 1/2 DIDP and 1/2 BBP 
Biend of 1/3 DIDP and 2/3 BBP 


Blend of di-isoocty! and 
di-n-octy|-n-decy! phthalate hans Sk 


- a ae ‘= 0.952 LAT 


CN = 





nitrate; EC = ethyl cellulose; 


PM = polymethyl methacrylate, PS = polystyrene; VA = polyvinyl acetate; VB = polyviny! butyral,; VC = vinyl chloride; and VCA <= vinyl chloride acetate. 


72 


A GUIDE TO PLASTICS 


sel nel sel el tel tea Bl 


2 | 2 | | | el 











235. 339-340 
27-235 @ 37 mm. 





COMMON NAMES, TRADE 


DESIGNATIONS, AND TRADE MANUFACTURERS? 


MARKS FOR PLASTICIZERS 





Celluflex DBP (16), Darex DBP (21), DPB 705 
(62), Griffin DBP (37), Harflex 140 (45) Kolflex 
(50), Morflex 149 (60), Palatino! C (10), 

DBP (40), PX-104 (61), RC DBP (64), Reomol 
DBP (33), Shawinigan DBP (65), Staflex DBP (20), 
Vestinol C (14), Witicizer 300 (75) 


2, 
6, 1 
27, 
40, 
533, 





Palatino! 3C (10), Reomol DIBP (33) 


10,27, 33, 39, 47,53 





“342 


10, 23, 50 





ws. 21 0@ 5 mm. 


Harflex 160(39), PX 106(61), RC DIHP (64) 


39, 41, 61, 64 





239. 190-195 @ 5 mm, 


Plastoflex 520 (1) 





40. 340 @ 740 mm. 


BOP 750 (62), Elastex 48-P (2), RC BOP (64), 
Shawinigan BOP (65) 


2, 27, 41, 50, 2, 
65, 4 





Wi. 25¢5 am. 


PX-914 (61) 


41, 52, 61 





mM. noe 5 mm. 





23. 2065 am. 


BDP 710 (62), Elastex 
PX-114 (61), RC BID! 
Staflex BDP (20) 


S| 


2, 4, 20, 41, 
52, S4, 61, G2, 64 





WA. 190-205 @ 5 mm. -5O Ins. 


RC BIHP (64) 





%. 222-230 ~50.0 <0.01-0.20 





We. 220-248 @ 4 mm. -25 Ins. 





M7. 22461 mm. pe pa 





28. 228-239 @ S mm. ot... 


DIOP (17), DIOP 735 (62), Elastex 10-P (2), 
Griffin DIOP (37), Harflex 120 (39), Hercoflex 200 
(42), Kolflex (50), Morflex 100 (60), Px-108 (61), 
Permaflex DIOP (36), Polycizer 162 (43), 

RC DIOP (64), Reomol DIOP (33), Staflex DIOP 
(20), Witcizer 313 (75) 


- 


ULHS6|N/B| o/v 





249. 215-240 @ 4 mm. 


DCP 715 (62), Elastex 80-P (2), Harflex 180 (39), 
Reomol DCP (33), Shawinigan (65) 





, 20-230 @ 4 mm. 


Good-rite GP-261 (35), Polycizer 162 (40), 
Reomol D79P (33) 





251. 265-320 @ 20 mm. 


Palatino! F (10) 





231 @5 mm. 


Celluflex DOP (16), DOP 745 (62), Elastex 28-P 
Q), Flexol DOP (72), Griffin DOP (37), Harftex 

50 (39), Hercoflex 260 (42), Kolflex (50), Morflex 
110 (60), Permaflex DOP (36), Palatinol AH (10), 
PX-138 (61), RC DOP (64), Reomol DOP (33), 
Shawinigan DOP (65), Staflex DOP (20), Vestino! 
AH (14), Witcizer 312 (75) 


RE 


Qg8 
upees 





216@S am. 





Flexol CC-S5 (72) tae 


3 





413 


241 @S mm. 





Palatino! DN (10), Reomol DNP (33), 
Staflex DNP (20), Vestinol N (14) 


5 
= 
8 





DNODP (52), Elastex 82-P (2), Hercoflex 150 
(42), Morfiex 125 (60), NODP 720 (62), PX-314 
(61), RC N-ODP (64), Staflex 500 (20) 





| 235-248 @ 4 mm. 


Bp 
83 
s2 





Dinopol IDO (17), Elastex 18-P (2), Good-rite 
GP-265 (35), Herflex 130 (39), Hercoflex 270 (42), 
Kolflex (50), Morflex 175 (60), ODP 740 (62), 
Permaflex ODP (36), Polycizer 562 (40), PX-118 
(61), RC ODP (64), Santicizer 602 (52), Staflex 
ODP (20) 





28| # 
#| @o\ee 


eas 
B¢2B 
2Bs 


BK 
Ss 


. 


a 
hi 





DDP 725 (62), Elastex 90-P (2),Flexol 10-10 (72), 
Good-rite GP-266 (35), Harflex 110 (39), Hercoflex 
210 (42), Kolflex (50), Morflex 130 (60), Palatino: 
2 (10), Permaflex DIDP (36), Plasticizer GC-100 
(37), Polycizer 662 (40), PX-120 (61), RC DIDP 
(64), Reomol DIDP (33), Shawinigan DIDP (65), 
Staflex DDP (20) 





£2R5| 


SSSR 
RES8s 
IESE 


BEBy. 





Elastex 26P (2), Flexol 13-13 (72), Kesscoflex 
DTDP (49), Morflex X-1125 (60), PX 126 (61) 


2, 49, 60, 61, 72. 





Elastex 26P (2), Hercoflex 130 (42), Kesscoflex 
DTDP (49), RC DTDP (64) 

















2, 42, 49, 64 


"41, @ 


4 





Ohopex 0.1007) 


17 





Flexol 810 (72), Santicizer 636 (52) 


52, 62, 72 








240 @5 mm. 


15-235 @ 4mm. - 0.01¢@25° 














4 
Code for c ibility: C = ibl 





P = partially 


a;aA|aA|a|a;a\a 





C | Flexol 426 (72), Santicizer 165 (S2) 
| Santicizer 606 (S2)_ 








ath 

















composes at temperatures in this range. *Pour point. 


PLASTICIZERS CHART 


| Santicizer 611 (52) 
|Santicizer 613 (S2) 


| Dinopol “MOP (17), Hercoflex 250 (42), 
| Palatinol AG (10) 


wey Kolflex 233 (50) 
| Ohopex 0-10 ( 








__ 52, 72 
52 
$2 
52 

10, 17, 42 


17, 37, 50 


Ogee list on pages 78-79 for key to numbers. “Measurement made at 20°C. 








MOLECU. SP.GR. 
LAR a 
WEIGHT 28°C. 


R.1. 
aT 
25°C. 





270. Di(2-ethy hezy!) isoghthalote 


- 0.9840° 


1.4875° 





271. Dially! phthalate 


1.516 





272. Dihydrobiethy! phthalate 


CygHysOg 1.120° 
é 1.055° 


1.513° 





273. Buty! cyclohexyl! phthalate 


Cyptiz4 1.0% 


i.5071° 





274. Buty! benzy! phthalate (BBP) 





C9H20% 


1.111-1.119 1.5336-1.5376 





275. Dicyclohexy! phthalate 


C20H2604 1.148° 





276. Di(methy icyclohexy!) 
pbthalate 


CH3C6HyqOCOC6H4COOC6Hi0CH3 = C2304 1.075 


1.516 





277. Dipheny! phthalate — 


Cellg(COOCgHs)y CC z0y4% 1.28 





278. Difiso-decy!)4,5-epoxy 
tetrahydrophtha late 


1.572@74° 





- CgHs00s 0.9867° 


1.4690 








279. Alkyl ary! phthalate 


R,OOCC 6H4COOR2 1.052-1.056° 


1.517" 





280. Alky! ary! phthalate 


1.083¢ 


1.5112° 





281. Alky! ary! modified phthalate 


R, OOCC6H4COOR2 
- 1.042 


1.522 





282. Alkyl ary! modified phthalate 


~ 0.91 


14% 





283. Modified phthalate 


~ 0.990 


1.513 





‘284 . Modified phthalate 


= 0.985 


1.500 





285. Dimethoxyethy! phthalate 


C6H4(COOC2H,OCH;). 


1.500 <0.01 2" 


02Se15r 





286. Diethoxyethy! phthalate 


CéH4(COOC 2H40C 2Hs)2 1.120° 


<0.01 6297 
0.20e1SP 





287. Dibutoxyethy! phthalate 


288. Bis-(diethylene glycol 
monoethy| ether) phthalate 


~—— CgHig(COOCH{CH20CH2CH20C 7Hs)) 


C6H4(COOC 2H40C 4Ho)2 1.063 


1.483 <0.01 e2" 


0.06@ 150° 





1.12-1.14 


142 <0.10 @ 159? 





289. Glycerol phthalate 


1.04 


1.5029 





290. Wethycyclohexy! isobuty! phthalate 


CH3C6H 9A OCC§H4CO)OC 4Ho 1.054 


1.5005 





291. High molecular weight phthalate 


292. High molecular weight phtha late 





POLYESTERS 


- 1.0894@30° 1.4980e30° 





1.6 


1448 





1.11 


1.467 





4000 1.15 


1.4719 





1500 1.107 


1.4803 





2%. Polyester 


297. Polyester 


3000 1.124 


20/20°C. 


1.4695 





- 1.055° 


1.4685° 





- 0.9517 


1.4521° 





850 1.039 


1.460 





850 1.047 


1.4686 





850 1.063 


1.4826 





1.060 


1.4766 





ca. 2500 1.070 


1.4784 





8000 1.06 


1.470 





6000 1.15 


1.471 








6000 1.13 


147 





2200 1.08 


1.466 





3300 1.10 


1.467 





3300 1.08 


1.460 





. 1000 1.00 


1.47 





1.06 


1.4699 








1.68 














1.22 





0.9213 





0.9565 





1.090 








1.005 





1.10 





1.084 





8000 

. 3000 
530 
2500 


1.050 





- 4000 1.06 





. 3000 1.07 





325. Polyester 


. 1500 1.025 





= 1.012 





526. Polyester 
327. Polyester 


ca. 2000 1.17 





- - 1.046 





*Code for column headings: Sp. Gr. = specific gravity; R.1. = refractive index; F.P. = flash point (Cleveland and Open Cup); V.P. = vapor pressure; B.R. = boiling 


range; M.P. = melting point; S. in water =< solubility in water; CA = cellul 


CAB « 





acetate buty 





; CN= 


nitrate; EC =< ethyl cellulose; 


PM = polymethy! methacrylete; PS = polystyrene; VA = polyviny! acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 
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°C, 
270. 241¢5 mm. 
YN. 156-175 @ 4mm. 


= 





COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 
MARKS FOR PLASTICIZERS 


MANUFACTURERS® 





c 


| C_ jFlexol 380 (72) _ 





272. - 


Cellolya 21 (42) 





73. 189-222 @ S mm. 


72 
17 
42 





Elastex 50-B (2) 


2, 41 





774. 370 @ 760 mm. 


Palatino! BB (10), Reomol P (33), 
Santicizer 160 (52), Unimoll BB (30) 


10, 30, 33, 41, 52 








7s. 212-218 @ 5 mm. 





76. 25062 mm, 


DCHP 730 (62), Elastex DCHP (2), KP-201 (17), 
Unimoll 66 (30) 





2, 17, 30, 41, 44, 
52, 33 





Sextol phthalate (44) 





777. 250-257 @ 14 mm. 





WB. >200 @ S mm. 





Flexol PEP (72) _ 





779. 262-288 @ 4 mm. 


Staflex HS-10 (20) 





Staflex HS-31 (20) 








Santicizer 213 (52) 








Santicizer 214 (52) 





Santicizer 630 (52) 





Santicizer 631 (52) 





(10), Reomol P (33) 


Kesscoflex MCP (49), Methox (17), Palatinal 





286. 188-215 @ 4 me. 


200-2600 4 an. 


~ =10 


31 0.25 25° 





= <0,03025° 


-35 0.80 25° |¢ 





qe Palatino! K 
(10), Reonol DBGP (33 





10, 17, 23, 33, 41, 
49, 62 





, 145-165 @ 2 mm. 








Staflex KD (20) 





Admex 770 (6) 





Admex 760 (6) 





Admex 761 (6) 


la|o|e 





Morflex P-SOA (60) 





A 
Ss 
2 


Flexol R-2H (72) 


8 


} | | 
| | | 





DP-100 (25) 





Plastolein 9720 (28) 





| 3] 8/8! 8) s] Bl wl B! 


Plastolein 9722 (28) 





i 


Jalajali fa 


Plastolein 9730 (28) 





Plastolein 9750 (28) 





/EVRURU BEE 


Plastolein 9765 (28) 





vViviviviviv 


Paraplex G-2S (63) 


lam B} a 





S| Be) SB 





/a 


i 
T 


Paraplex G-40 (63) 





Paraplex G-41 (63) 





+ 


Paraplex G-50 (63) 








mele elle gig ol ol 


| 


AALAIAIAl=$|Alalalala 





we] we | co! col] eo] co! we 
i —s— i i —) — 
al wm) &! W&! he! | oS 


318. 
319 


321 
322 
323 
324 
325 
326 


327 


| 





| 
| 


| 


; eae | 


4. 


t 
lalalale ALALaAlLaALaIa 


Paraplex G-53 (63) 





Vi ViViala 


J Red Ba) ed Rad ed Bd Od sd Od Od 





Paraplex G-54 (63) 





Plastolein 9232 (28) 





Elastex 37R (2) 








; | | 
Vvia;aia 


+ 


| 


ea 
; ot 


4. 


4 





7 
Q1ait 
i 3} 


| 


DP-250 (25) 





gl | ee 


Hercoflex 900 (42) _ 





Morflex P-10A (60) 





AO;ajayt | wi st 


[Morflex P-40B (60) 





- 
| 


1 


i 


/Morflex P-SO (60) 





TXP-126 (27) 





RC BGA (64) 





4 


Admex 562 (6) 














inAia 


ViQ visa! 








alalalalalala}s|alalalalalajalalalalalalalalalala 


’ 
| 
| 


Drapex 7.7 (7) 





Reoplex 100 3) _ 





4 
7 


a;ala 


ogy ie See eee ee eee 


io] 


Reoplex 220 (33) 





Reoplex 300(33) 





























Reoplex 400 (33) 





re] 


Recples 508 05) 


ABG (10), Elastex 368 Q), Plastigen KO) 


a 
eee for compatibility: C = compatible, P = partially 


patible. See list on pages 78-79 for key to 
Decomposes at temperatures in this range. “Pour point. 








PLASTICIZERS CHART 



































336. Polyoxypropylene derivatives of C2HsCCH2—-O—(C 3H60), Hs 
trimethylol propane 


POLYVINYL ETHERS 
337. -Polyviny!-methy lether 
338, Polymeric plasticizer 
340. Polyester 
M1. Polyester 

RICINOLEIC ACID DERIVATIVES 
342. Methy! ricinoleate Cy7H32(OH)COOCH Ci9H3603 


























C47H32(OCOCH3)COOCH; C1H3g04 


344. Methy! acety! ricinoleate (modified) - ~ 
45. Buty! ricinoleate ___ Cy7llgq(OH)COOC Hy Ca9H4903 


346. n-Butyl acetyl! ricinoleate Cy7H3x(OCOCHs)COOC 4H CoglggO 

















M7. Ethylene glycol ricinoleate - 5 C17H32(OH)COOCH 7CH 20H C29H3g04 
__CaslHgo04 
C17H32(OH)COOCH2CH20CH3 C21H49%, 


48. Propylene glycol riciaoleate 


349, Methoxyethy! ricinoleate 


_Cy7H32(OH)COOCH2CHOHCH; 














350. Methoxyethyl acetyl ricinoleate __Cy7Hyz(OCOCH3)COOCHZCH20CH; _Ca3H420s 
351. Methoxyethy acetyl ricinoleate - - 
(modified) 











352. Glycerol monoricinoleate ___ Cy7Hl32(OH)COOCH2CHOHCH 20H C21H400s 
353. Diethylene glyco! monoricinoleate C47H32(OH)COO(CH2CH20)2H C22H420s5 
354. Glyceryl! triacety! ricinoleate (C47H32(O0COCHs)COO]s;C 3Hs CeaH110012 














~~ §$EBACIC ACID DERIVATIVES 


355. Dimethyl sebecate CHO COLCHg)gCOOCH CyaH2204 230 
356. Diethyl sebacate = CaHsOCO(CH2)gCOOC2Hs C14H2604 258 1.048 1.419 


357. Dibuty! sebacate C4HgOCO(CH2)gCOOC 4H Cipla, 314 —-0,935-0.942° 10 














358. Diocty! sebacate "Cg 7OCO(CH)gCOOC gHy7 CoslisoO, 426427 0.911-0.913 1.449-1.451 


359. Di-tsoocty! sebacate ~ CgHy7OCOCHa)gCOOCsHi7 = Cael, «= 427 (CG 14806 





360. Di-2-ethylhexy! isosebacate CgHy6(COOCgH17)» CypHg4% 426 0.910  1.447-1.4482 214-232 
@7TF. @7PF. 
CH y6(COOC4Ho)» C26Hs004 314 0.930-0.931 1.4377 
= = or ate ego -h v= he @77°F. @7?F. 
362. Dibutoxyethyl sebacate = (CH2)g(COOC 2H40C4Ho)» C2gH4 2%, 403 0.964-0.970 1.4447 
(CHy)g(COOCH2C6Hs)2 C4004 382 1.05 1.521° 


WA. Mixed sebacate adipate ester ~ = 411 0.93 1.445 
365. Mixed alcohol sebacate Blended alcohol (Avg. 8 carbon) Co6lso04 427 0.914 “ 
sebacate 








361. Di-norme|-buty! isosebecate. _ 




















~~ STEARIC ACID DERIVATIVES _ 
366. n-Butyl stearate Cy7H3sCOOC 4H CopHas02 341 s«.8S5-0.862 1.4418 





367. Octyl stearate ~____Ca7HisgCOOCgHy7 Cals 39781-0857 - 





368. Cyclohexy! stearate Cy7H3sCOOCSHy, Coal4602 367 0.280-0.883 ~ 
@3 


369. 1, 2-Propylene glycol ~~”~”:« ggg COOCHZCHOHCHs =— Cag Hg 43 0.93 - 
monostearate 





“370. Ethylene glycol monomethyl ....+~=~=~«<Cy7#HysCOOCHZCHZ0CH, ©  CaHg20, 343 —° 6 l= 
ether stearate 





371. Ethylene glycol monobuty! ~~ Cy7HgsCOOC2H40CgHo  —-«Cogllgg3 = 385 )—s«.877-0.882° 1446 24 
__sther stearate _ a+ - ___ 0.06615 











*Code for column headings: Sp. Gr. = specific gravity; R.L = refractive index; F.P. = flash point (Cleveland and Open Cup); V.P. = vepor pressure; B.R. = boiling 
range; M.P. = melting point; 8. in water = solubility in water; CA = cellulose acetate; CAB = cellul acetate buty ; CN = cellulose nitrate; EC = ethyl cellulose; 
PM = polymethyl methacrylate; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 
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COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE MANUFACTURERS? 
MARKS FOR PLASTICIZERS 








Reoplex 641 (33) 33 
Harflex 330 (39) 39 
Halico HA—S—A (38) 38 
Hallco HA-S7 (38) 38 
Halleo HA—7—A (38) 38 
4 
51 
52 
76 

















Hatcol 640 (41) 


Mohawk Polymeric EMT (51) _ 
Santicizer 409 (52) 
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ed 
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; 
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Lutonal M40 (10) 
Eastman NP-10 (27), Harflex 300, 325, and 375 (39) 
Harflex 300 (39) 
Harflex 325 (39) 
Harflex 375 (39) 




















7 


Flezricin P-1 (11), Nopco 1060-C (S6) 


LLL 





W. 1856 lam. Flexricin P-4 (11) 
Flexricin 61 (11) 
Flexricin P-3 (11), Staflex BR (20) 11, 20, 49, 62 


Flexricin P-6 (11), Staflex BRA (20) ; 11, 20, 62 








” 185¢1 mm. 
1% @ 1 mm. 











Flexricin 15 (11) 11, 38, 49 
Flexricin 9 (11) 11, 38, 49 
Flexricia P-1C (11) 11, 49 
Flexricin P-4C (11), KP-120 (17), Staflex IXA (20) 11, 17, 20, 62_ 
Flexricin 62 (11) ll 








FEE 


| 


185 ¢@1 mm. 








Fie 











Flexricin 13 (11), Nopeo 2225-C (56), I, 34, 38,49, 56 
Nopalcol 1-R (56) a H, 38, 49, 56 
Flexricia P-8 (11) 














SP cj cle Harflex10(39),Reomol DMSG@3) 
308 cee . ~ Reomol DES (33) 


344-345 -ll . P| P DBS 755 (62), Griffin DBS (37), Harflex 40 (39), 
175-180 @ 3 mm. Monoplex DBS oy pede =) ~ ye 

DBS (40), PX-404 (61), Reomol DBS (33 
Staflex DBS (20) 


8. 248¢4 mm. l > | DOS, 765 (62), Griffin DOS (37) Harflex 50 (39), 
Monoplex DOS (63), Morflex 210 (60), Polycizer 
DOS (49), PX-438 (61), RC DOS (64), Reomol DOS 
(33), Shawinigan DOS (65), Staflex DOS (20) 


359, 232-246 @ 4 am. Te | P| C| C | Griffin (37), Hallco C-545 (38), Harflex DIOS (39), 


Morflex 200 (60), PX 408 (61), RC DIOS (64), 
Reomol DIOS (33), Staflex DIOS (20) 




















360. 222-2406 4 mm. 





1.17018 64am. 














62 255 @ 10 ma. shen 20 
%3. 265¢@ Crd 2 oOo |F P | Harflex 90 (39) 


Staflex LA (22) 
Reomol D795 (33) 




















366. 220-225 @ 25 mm. 16 Harflex BS (39), Kesscoflex BS (49), RC B-17 (64) 
Staflex BS (20), Witcizer 200, 201, 210 (75) 








7 —nneneinra mae 7 ’ Kesscoflex OS (49) 


368 = 








‘369. 182.2106 1 mm. 





“370. 220-275 @ 20 mm. . Kesscoflex MCS (49), Methoxyethy! stearate 





‘371. 215-2500 4 mm. " Beroapetiyi Stearate KP-23 (17), Kesscoflex BCS 17, 49, 74 









































Code for ibility: C = patible, P = partially compati i i PSee list on pages 78-79 for key to ib 
‘Decomposes at temperatures in this range. *Pour point. 








PLASTICIZERS CHART 

















STRUCTURAL FORMULA 





372. Glycerol monostearate 


C7H3sCOOCH7CHOHCH20H 





Casta 359 0.970 - “ “ 




















373. Glyceryl! tri-acetoxy stearate (Cy7H34(OCOCH3)COO];C3Hs Coal 116012 1066 0.955 1.4595 300 Re 

374. Butyl acetoxystearate C47H34(OCOCH3)COOC4Hy Co4lggO4 398 0,922 1.4480 207° - 

375. Diethylene glycol distearate ~ (Cy7ligsCOOC3H4)20 _—=—=—Cgglizg 0s 639 0.96 - = & 

376, Tetraethylene glycol moncatearate Cy7HasCOO(CHZCH 06H Coslis205 __ 46 an = ==. 

377. Tetraethylene glycol distearate (Cy7HysCOOCH2CH20CH2CH2)20 ———CggligaO7 727 - ~ — 

i. Methy! ~ sacpcaas ~ ClsC 17H 39COOCH Cy9 H3302Cls 471 1.19 - 164 O.01S e129 
8 i 


STYRENE DERIVATIVES © 
379, Poly « ~methy! styrene resin 



























































[C6HsC(CHs):CHal,, 1. | ee 1.01260 153@6P 166 ~ 

380. Poly =-methy! styrene resin (CelsC(CH) CHa), i ae ca.310 1.006 15706? 182 - 

ee - - 300-20,000 1.04 1.573 149-260 ~ ae 

382. Styrene derivative Posie tute” Se - «a 1.08 1.599 ~ = 
SUCCINIC ACID DERIVATIVES 

383. Diethyl succinate CaHsOCOCH2CH2COOC2Hs CgH1404 174 1.048 1.419 ~ “ 

384. Dibuty! succinate _C4HgOCOCH2CH2COOC «Hy = Cg «= 230 0.974 1.428 a, - = 
SUCROSE DERIVATIVE 

38S. Sucrose octaacetate C42H1403(OCOCH3)y — es CagH3a919 679 1.28° - 307 — 
SULFONIC ACID DERIVATIVES 

386. B Ifonbuty lamide ColHsSO2NHC4Ho C10H1502NS 213 1.148 1.525 - + 

387. o- and p-toluenesulfonamide ~ CHgCglySO.NHy = = + CyHgO NS 171 1313 - 206 - 

"388. N-Ethy! p-toluenesulfonamide _CH3C6H4S02NHC 2Hs CoH1302NS 199 1.171@65° 1522¢65° 188 - an 

389. 0- and p-toluene-ethylsulfonamide =» CHC gHgSO2NHC2Hls CoH, 302NS 199 1.188 1.540 sl0UC~C< 

390. N-Cyclohexy!  CH3C6HgSO2NHCoH,, -—Cy3HygQ.NS 253 1.125 = - 
p-toluenesulfonamide. 

391. Urea-forma ideh yde-mod ified , fsitteus ‘. ot ~ 1.07 1.477 - 
TALL OIL DERIVATIVE 

ee Ne 8 310 0.96¢ 1.495¢ i 
TARTARIC ACID DERIVATIVES 

393. Diethyl tartrate C2HsOCO(CHOH),COOC 2Hs CeH1406 206 1.19 1.445 . a 

394. Dibutyl tartrate — dbase C4HgOCO(CHOH),COOC 4Ho C19H2206 262 1.093 1.447 0860 





*Code for column headings: Sp. Ge. = specific grevity; R.L = refractive index; F.P. = fash point (Cleveland and Open Cup); V.P. = vapor pressure; BR. 
range, M.P. = melting point; S. in water ~ solubility in water, CA = cellulose acetate; CAB = cellulose acetate b 


PM «= polymethyl methacrylate; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chidride; ent VCA = vinyl chloride acetate 


1. Advance Solvents and Chemical, Div. of Carlisle Chemical Works, 
Inc., 500 Jersey Ave., New Brunswick, N. J. 


2. Allied Chemical Corp., Plastics Div., 40 Rector St., New York 6,N. Y. 


3. American-British Chemical Supplies, Inc., 180 Madison Ave., 


New York 16, N. Y. 
4. American Mineral Spirits Co., Mountain Ave., Murray Hill, N. J. 


. Amoco Chemicals Corp., 910 S. Michigan Ave., Chicago 80, Ill. 








. Archer-Daniels-Midland Co., 700 In 
Minn 





Bidg., Mi lis 2, 


4 


7. Argus Chemical Corp., 633 Court St., Brooklyn 31, N.Y. 


8. Armour Industrial Chemical Co., Div. Armour and Co., 110 N. Wacker 
Dr., Chicago 6, Ill. 


9. Armold Hoffman and Co., Inc., 55 Canal St., Providence 1, R.1. 


10. Badische Anilin- & Soda-Fabrik A. G., Ludwigshafen am Rhein, 
Germany 


11. Baket Castor Oil Co., 40 Ave. A, Bayonne, N. J. 
12. Cary Chemical Co., P.O. Box 1128, New Brunswick, N. J. 
13. Canadian Industries Ltd., Montreal, Que., Canada 


14. Chemische Werke Huls Aktiengesellschaft, Marl, Kreis 
Recklinghausen, Germany 


15. Carlisle Chemical Works, Inc. (See No. 1 above) 


16. Celanese Corp. of America, Chemical Div. 
New York 16, N. Y. 


, 180 Madison Ave., 


17. Chemicals & Plastics Div. (Ohio-Apex) Food Machinery and 


Chemical Corp., 161 E. 42nd St., New York 17, N. Y. 


18. Commercial Solvents Corp., 260 Madison Ave., New York 16, N.Y. 


19. Continental Oil Co., Petrochemical Sales Dept., 
Americas, New York 20, N. Y 


1270 Ave. of the 


MANUFACTURERS OF PLASTICIZERS 


= boiling 
nitrate; EC = ethyl cellulose; 





y ; CN = cellul 


20. Deecy Products Co., 120 Potter St., Cambridge 42, Mass. 


21. 


22. 


23. 





SBR RR 


~ 
ner 


w 
ad 


35. 


37. 






. Dow Chemical Co., Midland, Mich. 


. Glyco Chemicals, Div. of Chas. L. reper tee Inc., 


Dewey and Almy Chemical Co., Div. of W.R. Grace and Co., 
Cambridge 40, Mass. 


Diamond Alkali Co., 300 Union Commerce Bidg., Cleveland 14, Ohio 


Distillation Products Industries, Eastman Kodak Co., Rochester 4, 
N. Y. (small quantities only) 


E.F. Drew and Co., Inc., Boonton, N. J. 

E.1. du Pont de Nemours & Co., Inc., Wilmington 98, Del. 
Eastman Chemical Products, Inc., Kingsport, Tenn. 

Emery Industries, Inc., 4300 Carew Tower, Cincinnati 2, Ohio 
Emulsol Chemical Corp., 59 E. Madison St., Chicago 3, Ill. 
Farbenfabriken-Bayer, A.G., Leverkusen, W. Germany 


Food Machinery and Chemical Corp., Chemical Divisions, 161 E. 
42nd St., New York 17, N.Y. 


Foremost Food and Chemical Co., El Dorado Div. 
Oakland 4, Calif. 


, P.O. Box 599, 


. Geigy Co., Ltd., The, Rhodes, Middleton, Manchester, England 


417 Fifth 
Ave., New York 16, N.Y. 


Goodrich, B. F., Chemical Co., 3135 Euclid Ave., Cleveland 15, 
Ohio 


. Gordon-Lacey Chemical Products Co., 57-02 48th St., Maspeth, 
L.L. 
Griffin Chemical Co., Div. of Nopco Chemical Co., 1141 S. 14th St., 
Richmond, Calif. 
C. P. Hall Co, of Illinois, 5245 W. 73rd St., Chicago 38, Ill. 
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COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 
MARKS FOR PLASTICIZERS 


MANUFACTURERS? 





Nopco 2225-P (56) 





Paricin 8 (11) 





Paricin 6 (11) 





Morpe! X-932 (60), Nopaicol I-S (56) 1, 38, 49, 56, 60, 74 





- 49 








MPS - 500 (43) 





379, 150-300 @ 5 mm. 


Dow resin 276-V2 (24) 





"380, 150-300 @ 5 mm. 


Dow resin 276-V9 (24) 





381. bes 


Percolastic (62), Piccolastic (59), Piccotex (59) 





>300 


Nevillac TS (55) 








23, 38, 49, 57 





SOA (72) 





Plastomoll BMB (10) 





Santicizer 9 (52) 





340 


Santicizer 3 (52) 





340 





Santicizer 8 (52) 





350 





_ Ins. 


—_—_—__—+f 





>50 ci c 
cj; ¢ 





| 17 
292-312 


- = 

















2022 0.485 





Santicizer 1-H (52) 








Plastigen G (10) 








[Metaiye (2) 


Kesscoflex DBT (49) 














“Code for compatibility: C = compatible, P = partially Pp i mpatibl See list below for key to b 
{decomposes at temperatures in this range. “Pour point. 


MANUFACTURERS OF PLASTICIZERS (Cont'd) 


. Harchem Div., Wallace and Tiernan, Inc., 25 Main St., Belleviile 9, 
N. J. 


. Harwick Standard Chemical Co., 60 S. Seiberling St., Akron 5, Ohio 


Hatco Chemical Div. W.R. Grace & Co., P.O. Box 309, King 
George Rd., Fords, N. J. 


Hercules Powder Co., Wilmington 99, Del. 


. Hooker Chemical Corp., Eastern Chemica! Div., Box 344, Niagara 
Falls, N.Y. 


. Howards and Sons (Canada) Ltd., P.O. Box 995, Cornwall, Ont., 
Canada 

. Imperial Chemical Industries Ltd., Millbank, London S. W. 1, 
England 

. Jefferson Chemical Co., Inc., 1121 Walker, Houston 2, Texas 
Kay-Fries Chemicals, Inc., 180 Madison Ave., New York 16, N.Y. 
Kenrich Petrochemicals, Inc., 57-02 48th St., Maspeth 78, N.Y. 


Kessler Chemical Co., Inc., State Rd. and Cottman Ave., 
Philadelphia 35, Pa. 


Kolker Chemical Corp., 600 Doremus Ave., Newark 5, N. J. 


Sl. Mohawk Industries, Inc., Sparta, N. J. 


Monsanto Chemical Co., Organic Chemicals Div., St. Louis 1, Mo. 


53. Montrose Chemical Co., 104 Lister Ave., Newark 5, N. J. 


Naugatuck Chemical, Div. of United States Rubber Co., Naugatuck, 
Conn, 


Neville Chemical Co., Neville Island, Pittsburgh 25, Pa. 
Nopco Chemical Co., 60 Park Pl., Newark, N. j. 
Penick, S. B., and Co., 100 Church St., New York 8, N.Y. 


Pennsalt Chemicals Corp., 3 Penn Center Plaza, Philadelphia 2, Pa. 


PLASTICIZERS CHART 


59. 
60. 


Pennsylvania Industrial Chemical Corp., Clairton, Pa. 


Pfizer, Chas, and Co., Inc., Chemical Div., Plastic and 
Plasticizers Dept., 235 E. 42nd St., New York 17, N. Y. 


. Pittsburgh Chemical Co., Grant Bldg., Pittsburgh 19, Pa. 
. Reichhold Chemicals, Inc., 525 Broadway, White Plains, N. Y. 
. Rohm & Haas Co., Resinous Products Div., 222 W. Washington Sq., 


Philadelphia 5, Pa. 


. Rubber Corp. of America, New South Rd., Hicksville, L.1., 


N.Y. 


. Shawinigan Chemicals Ltd., 600 Dorchester Blvd., W., Montreal, 


Que., Canada 


. Shell Oil Co,, 50 W. SOth St., New York 20, N. Y. 


. Sherwin-Williams Co., The, Pigment, Color and Chemical Div., 


260 Madison Ave., New York 16, N.Y. 


. Socony Mobil Oil Co., Inc., 150 E. 42nd St., New York 17, N.Y. 


. Swift and Co,, Technical Products Dept., 1800 165th St., 


Hammond, Ind. 


. Tennessee Products and Chemical Corp., P.O. Box 9, Nashville 3, 


Tenn, 


« Thiokol Chemical Corp., 780 N. Clinton Ave., Trenton 7, N. J. 


. Union Carbide Chemicals Co., Div. of Union Carbide Corp., 270 


Park Ave., New York, N.Y. 


. Virginie-Carolina Chemical Corp., 401 E. Main St., Richmond 


5, Va. 


. Wilson-Martin, Div. of Wilson and Co., Inc., Snyder Ave. & 


Swanson St., Philadelphia 48, Pa. 


. Witco Chemical Co,, 122 E. 42nd St., New York 17, N.Y. 


. Wyandotte Chemicals Corp., Wyandotte, Mich, 
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NYLON -6, 6/6, 6/10 





——. 


POLYETHYLENE POLY. 
PROPYLENE 


Monofilaments 








PROPERTIES 


Continuous filament 





Regular 


High tenacity 


VINYLIDENE 
CHLORIDE 


Low-density 


High-density 


Monofilaments, 
multi filaments, 


yarns, staples 


Isotactic 





. Width, microns 


6/6: 11-71; 6:27-49 


6/6: 16-43; 6:27-49 


200-500 


15-500 





. Specific gravity at 25°C. 


6, 6/6; 1.14; 6/10; 1.08 


0.92 


0.90-0.91 





TENSILE PROPERTIES AT BREAK 
. Tenacity 21°C. and 65% R.H., 
g. ‘denier 


6/6: 4.5-6.0 
6: 6.3-7.1 
6/10: 4.05 


6/6: 6.0-9.2 
6: 7.0-8.7 
6/10: 4.25 


1.0-2.7 


5.0-8.0 





. Tensile strength at 21°C. and 65% 
R.H., p.s.i. 


6/6: 66,000-88, 000 
6: 98,000 


6/6: 88,000-134,000 
6; 125,000 


11,000-33,000 


60, 000-97 000 





. Wet, percent of strength at 21°C., 


6/6: 85-90 


6/6: 85-90 


100 


65% R.H. 


. Ultimate elongation at 65% R.H. 
percent 
RECOVERY FROM STRAIN" 
. Strain, percent 4 
. Recovery, percent 100 
MODULUS OF ELASTICITY 
. Static method,” 107° dynes /em.? 
. Static method,” g. /denier 


. Velocity of sound method, 10!° 
dynes /cm.? 


. Velocity of sound method, g. /denier 

. Stiffmess,* average, g. /denier 

. Toughness index,* g.-cm. /denier cm. 

. Moisture regain at 21°C., 65% R.H., 
percent 

. Swelling in water,‘ percent 

. Dielectric constant® 


6: 80 6: 9 


6/6: 85-90 
6: 99 





6/6: 
6: 


26 
28-42 









































4.04.5 





About 2 


4.0 at 1 kc. (18% R.H.) 
20.0 at 1 ke. (wet) 


None 


Yellows slightly on extended exposure 
to temperatures above 300°F. Sticks at 
about 455° F. 

Nylon 6 melts at 420°F., yellows slight- 
ly at 300°F. when held for 5 hours. 


Nylon 66 melts at 482°F. 
Nylon 6 melts at 420°F. 





2.3 at 1 ke. 
and 1 mc. 


none at room temperature 
5-10% shrink | 5-15% at 212°F. 
at 212°F. Can be heat-set 


Can be heat- to less 
set to less 


2.0-2.1 





. Effect of age 
. Effect of heat, °F. 








Softens at 
240-250 
Melts at 

250-265° F. 


Some loss of tensile for 
clear; much less for 
pigmented. No darkening 


Softens at 
300°-310 F. 
Melts at 
330°-348° F. 


Some loss of 
tensile strength 
for clear; less 
for pigmented, 
no darkening. 








. Effect of sunlight, prolonged 
exposure 


Some loss of strength. No discoloration 





. Resistance to moths” 


Not attacked 


Not attacked 


Not attacked 





. Resistance to mildew! 


Not attacked 


Not attacked 


Not attacked 





. Effect of strong acids 


Disintegrated by conc. mineral acids 


Very resistant 


Very resistant 





. Effect of weak acids 


Generally good resistance 


Very resistant 


Very resistant 





. Effect of strong alkalies 


Virtually none 


Very resistant 


Very resistant 





Generally unaf- 
fected. Slightly 
soluble above 
200° F. in cet- 


tain solvents. 


Not attacked 


. Effect of weak alkalies Generally unaffected. 


Slightly soluble above 
200°F. in certain solvents 





. Effect of organic solvents Not attacked! See footnote 


L, below 


Unaffected by dry cleaning solvents. 
Soluble in some phenolic compounds 
and in conc. (90%) formic acid. 


“Except as otherwise soted, all values for elastic recovery were obtained at 20°C. and 65% relative humidity; rate of loading 10 g. /denier /min.; duration of action of 
load 30 sec.; recovery time 60 sec. Except as otherwise noted, all values of static method were obtained under the same conditions described in footnote (a). “Al! 
values by the velocity of sound method were obtained in air-dry condition. “Stiffness (resistance to deformation) is the ratio of breaking stress to breaking strain, P/E, 
where P is the stress in grams per denier required to produce rupture and E is the strain in centimeters per gage centimeter at breaking stress. Toughness (the ability 
to absorb work), exp d as a tough index, is the work per unit (denier and length) or weight of material which would cause rupture if the stress-strain curve 
were @ straight line: PE/2. ‘Values pertain to cross-section area increase, i equivalent to volumetric swelling. “Determined on film. "Many materials are 
subject to attack by moths if they contain edible finishes. ‘Resistance of yarns and fabrics to mildew depends in many cases upon the nature of the finishing materials 
used. /Recovery against no load, samples loaded and load released immediately, recovery withia 60 sec. (75°F ., 65% R.H.) "Testing conditions not reported. 'Swelled 
or softened by oxygen-bearing solvents (cyclohexanone, dioxane) at elevated temperatures. Not affected by alcohols or aliphatic hydrocarbons. Aromatic hydrocarbons, 
halogenated hydrocarbons, ketones, esters, and ethers may be detrimental in varying degrees. 


Not attacked 
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RESINS & 
VIOLDING 
CONMIPOUNDS 


Recent developments 

Acetal resins 

Acrylics 

ABS polymers 

Alkyd molding compounds 
Allyl resins and monomers 
Amino resins 

Cellulosics 

Chlorinated polyether 

Cold molded organic plastics 
Coumarone-indene, petroleum, and polyterpene resins .. 174 
Epoxy resins 

Fluorocarbons 

Furane resins 

Inorganic plastics 

Ilsocyanate resins 

Nylons (polyamides) 
Phenolics 

Polycarbonate 

Polyester resins 

Polyethylene resins 
Polypropylene 

Protein plastics: zein, casein 
Silicones 

Styrene polymers and copolymers 
Vinyl polymers and copolymers 
Rigid vinyls 


rr. 
-set 


el 


4 
+ 





Resins 


and LA DWISRTiIsS\| 


Molding 
Compounds 


Du Pont de Nemours, 


Pilon, Tae. 3... 5.5.0 sanvepacdboen 320 


Imperial Chemical Industries Ltd. . 
Mitsubishi Rayon Co., Ltd. ...... 176 


ADHESIVES 
Freeman Chemical Corporation .. 292 


Furane Plastics, Inc. ............. 366 


Imperial Chemical Industries Ltd. 9% 
Monsanto Chemical Company 305-316D 
Morningstar-Paisley, Inc. ......... 116 
Radiation Applications Inc. ...... 366 
PemeN, BO. oock 6s cvecewpne veneer 326 
ALKYDS 
Allied Chemical Corporation 

International Division 

PRAY os vc céceees doce 193-196 
Freeman Chemical Corporation ... 292 
Glaskyd Incorporated 
Imperial Chemical Industries Ltd. 96 
Mesa Plastics Company 
CELLULOSE ACETATE 
Celanese Polymer Company .. 
Chemische Werke Huls 
Eastman Chemical Products, Inc. 94, 95 
Farbenfabriken Bayer AG 
Gering Plastics 
Holland, M., Company 
Monsanto Chemical Company 305-316D 
Woloch, George, Co., Inc. . 


CELLULOSE ACETATE BUTYRATE 
Celanese Polymer Company .. 105-112 


Chemische Werke Huls 

Eastman Chemical Products, Inc. 94, 95 
Farbenfabriken Bayer AG 

Gering Plastics . 

Holland, M., Company 

Woloch, George, Co., Inc. .......... 104 


CELLULOSE PROPIONATE 


Celanese Polymer Company .. 105-112 








(LISTINGS DO NOT NECESSARILY COVER ENTIRE LINES OF ADVERTISERS NOR ALL 


nemi The .. 1 
M., Company 


eee twee 


EXPORTERS «Porras 


Pittsburgh Plate Glass Co. ....... 119 

CURING AGENTS 

Reichhold Chemicals, Inc. ......... 185 

CUSTOM COMPOUNDING 

Alpha Chemical & Plastics Corp 

American Molding Powder and 
Chemical Corporation 

Davies Nitrate Co., Inc. .......... 291 


Vinyl Corp. of America 
DIALLYL PHTHALATE 
AND ISOPHTHALATE 
Acme Resin Corporation 
Durez Plastics Division, 
Heoker Chemical Corp. .... 177-184 
Food Machinery and Chemical 
Corp., Dapon Dept. ......... 318, 319 
Woloch, George, Co., Inc. ........ 104 


EPOXIES 
Ciba Products Corporation .... 


Food Machinery and Chemical 

Carp., Bpemy Dept. .......ca00s. 321 
Furane Plastics, Inc. ............. 366 
Hysol Corporation 
Jones-Dabney Co. 


102, 103 Belding Chemical Industries .... 
Du Pont de Nemours, 


E. L, & Co. (Inc.) 





Holi.ind, M., Company 

Imperial Chemical Industries Ltd. 96 
Nype! Corporation 

Spencer Chemical Company .. 


PHENOLICS 
Allied Chemical, Plastics Div. 193-196 
Badische Anilin- & Soda-Fabrik 


Durez Plastics Div., 

Hooker Chemical Corp 
Farbenfabriken Bayer AG 
General Electric, 

Chemical Materials Dept. .. 371-374 
Imperial Chemical Industries Ltd. 96 
Mesa Plastics Company 
Monsanto Chemical Company 305-316D 
Plastics Engineering Company .. 101 
Reichhold Chemicals, Inc. ........ 185 
Shell Chemical Company .... 257-264 
Union Carbide Plastics Co. .. 121-132 


PLASTICIZERS 
Badische Anilin- & Soda-Fabrik 


Frank, J. P., Chemical 
& Plastic Corporation 


PLASTISOLS 

Chemical Products Corporation .. 84 
Goodyear Tire & Rubber Co., 
Chemical Division 
Morningstar-Paisley, Inc. 
Watson-Standard Co. 


POLYCARBONATE 
Farbenfabriken Bayer AG 
General Electric, 


Chemical Materials Dept. ... 371-374 


POLYESTERS 
Allied Chemical, Plastics Div. 193-196 
Badische Anilin- & Soda-Fabrik 


Celanese Polymer Company .. 
Chemische Werke Huls 
Durez Plastics Div., 

Hooker Chemical Corp. .... 
Eastman Chemical Products, 

ee Ss ata ea ee 94, 95 
Farbenfabriken Bayer AG 
Freeman Chemical Corporation .. 292 
Imperial Chemical Industries Ltd. 96 
Pittsburgh Plate Glass Co. 
Plumb Chemical Corp. 
Reichhold Chemicals, Inc. ........ 185 
United States Rubber, 

Naugatuck Chemical Div. .. 


POLYETHYLENE 
ABCD Polyethylene 
Allied Chemical Corp., 

International Div. 

ge rer 193-196 
American Molding Powder 

and Chemical Corporation .... 379 
Celanese Polymer Company .. 105-112 
Chemische Werke Huls 


Dow Chemical Company, The .. 205-212 


Du Pont de Nemours, 

E. IL, & Co. (Inc.) 
Eastman Chemical Products, Inc. 94, 95 
Farbwerke Hoechst AG 
Gering Plastics 
Grace, W. R., & Co. .......... 114, 115 
Goodrich-Gulf Chemicals, Inc. 223-226 
Holland, M., Company 
Imperial Chemical Industries Ltd. 96 
Koppers Company, Inc. ........ 97-100 
Monsanto Chemical Company 305-316D 
Muehlstein, H., & Co., Inc. ...... 120 
Phillips Chemical Company ... 375-378 
Rexall Chemical Co. .......... 
Schulman, A., Inc. 
Shell Chemical Company 
Solvay & Cie 
Spencer Chemical Company .. 
U. S. Industrial Chemicals Co. .. 
Union Carbide Plastics Co. ... 121-132 
Woloch, George, Co., Inc. ........ 104 


POLYPROPYLENE 
American Molding Powder 

and Chemical Corporation .... 379 
AviSun Corporation 
Eastman Chemical Products, Inc. 94, 95 
Enjay Chemical Co., A Div. of 

Humble Oil & Refining Co. .... 343 
Gering Plastics 
Geaes, W. BR &@ Co. i... 5008 114, 115 
Holland, M., Company 
Novamont Corp., 

Sub. of Montecatini S.G. ....... 325 
Rexall Chemical Co. ......... 364, 365 
Schulman, A., Inc. 

Shell Chemical Company .... 
Spencer Chemical Company .. 
Union Carbide Plastics Co. .. 112-132 
Woloch, George, Co., Inc. ........ 104 


POLYURETHANE 
Farbenfabriken Bayer AG 
Freeman Chemical Corporation .. 292 
General Tire & Rubber 

Company, The, Chemical Div. .. 387 
Imperial Chemical Industries Ltd. 96 
Reichhold Chemicals, Inc. ........ 185 


REPROCESSORS 

Alpha Chemical & Plastics Corp. .. 345 
Davies Nitrate Co., Inc. .......... 291 
Gering Plastics 1 
Muehlstein, H., & Co., Inc. ........ 120 
Schulman, A., Inc. 

Woloch, George, Co., Inc. ........ 104 


REINFORCING COMPOUNDS 

Fiberfil, Inc. 

Mesa Plastics Company 

STABILIZERS 

Frank, J. P., Chemical & 
Plastic Corporation 


STYRENE POLYMERS, 


COPOLYMERS & ALLOYS 
Badische Anilin- & Soda-Fabrik 


Chemische Werke Huls 


Cosden Petroleum Corporation .. 323 
USE, NR. Bi esha SoeesG tsetse 320 
Foster Grant Co., Inc. 
General Tire & Rubber 

Company, The, Chemical Div. .. 387 
Gering Plastics 
Grace, W. R., & Co. .......... 114, 115 
Holland, M., Company 
Koppers Company, Inc. 
Marbon Chemical Div. 


Monsanto Chemical Company 305-316D 

Muehlstein, H., & Co., Inc. ...... 120 

Rexall Chemical Co. ........ 364, 365 

Schulman, A., Inc. 

Shell Chemical Company ... 

Solar Chemical Corporation 

Union Carbide Plastics Co. .. 121-132 

United States Rubber, Naugatuck 
CRIN Se beste kd ccntes 347-362 

Woloch, George, Co., Inc. ........ 104 


UREA & MELAMINE 

Allied Chemical Corp. 
International Div. 
Plastics Div. 

Badische Anilin- & Soda-Fabrik 


Imperial Chemical Industries Ltd. 96 
Monsanto Chemical Company 305-316D 


URETHANE ELASTOMER 
Dow Chemical Company, The .. 205-212 
Mobay Chemical Co. 


URETHANE FOAM 
Durez Plastics Div., 
Hooker Chemical Corp. 


VINYLS 
Alpha Chemical & 

PEI, & bi. sss geen deceon 345 
Badische Anilin- & Soda-Fabrik 


...- 177-184 


Cary Chemicals Inc. .............. 204 
Chemische Werke Huls 
Diamond Alkali Company .. 
Dow Chemical Company, The .. 205-212 
Escambia Chemical Corp. ........ 118 
Farbwerke Hoechst AG 
Frank, J. P., Chemical & 

Plastic Corporation 
General Tire & Rubber 

Company, The, Chemical Div. .. 
Gering Plastics 
Goodyear Tire & Rubber Co., 

Chemical Division 
Imperial Chemical Industries Ltd. .. 96 
Monsanto Chemical 


Muehlstein, H., & Co., Inc. ........ 120 
Sem, Be Te. sisi ciscioonse 363 
Solvay & Cie 
Union Carbide Plastics Co. .... 121-132 
United States Rubber, 

Naugatuck Chemical Div. .. 347-362 
Vinyl Corporation of America ... 384 
Woloch, George, Co., Inc. ......... 104 
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ROHM & HAAS COMPANY «¢ PHILADELPHIA 5, PA. 





CLARITY 


BRILLIANT 
APPEARANCE 


DIMENSIONAL 
STABILITY 


BREAKAGE 
RESISTANCE 


PLEXIGLAS is a trademark which identifies certaip 
acrylic plastic molding powders manufactured by 
Rohm & Haas Company. Due to the combination of 
gleaming beauty and excellent durability inherent jp 
acrylic plastic, this molding material is used to add 
sales appeal and serviceability to a wide range of 
products. Manufacturers of cars, home appliances, 
lighting fixtures, personal accessories, and optical and 
electrical equipment use parts molded of PLEXiIGLas 
to meet their most exacting decorative and functional 
requirements. 


The water-white clarity of Plexiglas moldings, plus the 
accuracy with which the material can be molded to 
critical tolerances, has resulted in the widespread use 
of Plexiglas lenses in cameras, slide viewers and other 
optical instruments. 


Plexiglas molded parts have gleaming, sparkling sur- 
faces that enhance the colorful appearance of three- 
dimensional decorative medallions and nameplates. 
Decorations are applied to the protected rear surface 
of crystal-clear moldings. 


Plexiglas molded parts are noted for their freedom from 
shrinking or deterioration through long periods of use. 
The molding powders contain no plasticizers and have 
relatively low water absorption characteristics. Many 
types of precisely calibrated drafting instruments are 
molded of Plexiglas. 


Plexiglas imparts resilience and good strength to molded 
parts, enabling them to remain undamaged under rig- 
orous service conditions. Molded letters and sign faces 
are typical of the applications that benefit from this 
resistance to breakage. 





WEATHER 
RESISTANCE 


ACCURACY 
OF MOLDING 


CHEMICAL 
RESISTANCE 


CHOICE 
OF COLORS 


EASE OF 
DECORATION 


Because Plexiglas is an acrylic plastic, unique among 
plastic materials in its ability to withstand outdoor 
exposure, it has become the standard material for parts 
such as tail light lenses on cars, shields on street light- 
ing fixtures, and other applications subject to constant 
outdoor use. 


The precise configurations of parts such as light-control 
lenses for lighting equipment can be achieved with 
complete accuracy by molding in Plexiglas. Molding 
accuracy can be sustained throughout large produc- 
tion runs. 


Plexiglas is not affected by alkalies, non-oxidizing acids, 
salt water, photographic solutions, and chemicals used 
in treating water. It is attacked by alcohol, strong sol- 
vents, and fire extinguishing solutions. Many types of 
valves used in manufacturing processes are molded of 
Plexiglas because of its chemical resistance. 


A complete range of standard transparent, translucent 
and opaque colors are available in Plexiglas for integrally 
colored moldings such as pen and pencil housings. 
Custom-matched shades are produced for special color 
requirements on volume orders. 


Paints and vacuum metallized coatings can be applied 
to molded Plexiglas parts in efficient, high-yield pro- 
duction of three-dimensional, multi-colored moldings 
such as nameplates and trademark insignia. 





IMPLEX 


HIGH IMPACT 
ACRYLIC 


MOLDING 
POWDERS 


DIMENSIONAL 
STABILITY 


NO UNPLEASANT 
ODOR OR TASTE 


ACCURACY 
OF MOLDING 


IMPLEX is a high-impact acrylic molding material devel. 
oped by Rohm & Haas Company to provide outstanding 
toughness in injection molded parts. In addition to its 
high impact strength, ImpLex exhibits the excellent genera] 
stability that is characteristic of acrylic resins. Its proper. 
ties include low water absorption, good electrical char. 
acteristics, excellent dimensional stability, and resistance 
to staining and to attack by most chemicals. 


The natural color of ImpLex is off-white translucent, and 
it is also produced in many opaque colors. There are several] 
formulations of the material, to meet requirements for 
different combinations of properties. IMPLEX contains no 
plasticizers—its properties are inherent in the plastic. 

IMPLEX molding powders can be extruded into sheets, rods 
and tubes which can be heated and formed readily to com. 
plex shapes by vacuum, air pressure or with low-cost molds. 
Extruded material can be cut, drilled and cemented easily. 


The low water absorption and resistance to cold flow 
of molded Implex parts has resulted in their use where 
dimensional stability is important, as in lens barrel 
housings for slide projectors, threaded parts, and valve 
fittings. 


Food containers, particularly for vending machines and 
fountain dispensers, are molded of Implex because 
beverages and foods are unaffected by contact with the 
plastic material. 


Complex shapes and intricate designs, such as brush 
dividers on card-tabulator business machines, and dials 
or valve parts, are molded accurately in Implex through- 
out long production runs. 





Implex moldings resist flow under stress and this char- 
acteristic, coupled with their exceptionally high impact 
STIFFNESS ; : and flexural fatigue strength, has led to the wide- 
: spread use of Implex for thin, high style heels on ladies’ 
footwear. 


r A _ Smooth, lustrous surfaces imparted by Implex to hous- 
H IG H S ri . ings, control knobs and carrying cases add sales appeal to 


many types of home appliances and personal accessories. 


The great strength and durability of Implex moldings 


lengthen the life of parts subjected to severe impact in 
T0 UGHNESS ie use. A typical example is this shroud for an outboard 
motor engine, formed from Implex extruded sheet. 


The stain resistance provided by Implex preserves the 
R ES iS T A N C 7 new appearance of piano keys, business machine parts, 


T0 ST A | N | N G and other moldings exposed to grease, lipstick, perspira- 


tion, soft drinks, tea, coffee, etc. 


Implex withstands the effects of corrosive agents such as salt water, and is used 
CORROSION 

for molded components of marine bilge pumps, pulley sheaves, and housings 
RESISTANCE for running lights. It also resists deterioration from machine oils and acids. 









PLEXIGLAS 


MOLDING POWDERS 







































































Injection Injection Injection Compression 
Property Test Conditions Plexiglas VS Plexiglas VM Plexiglas V Plexiglas Y 
Refractive Index A.S.T.M. D-542-42 
— 1.49 1.49 1.49 1.49 
Specific Gravity A.S.T.M. D.-792-44T Ten 
- 1.18 1.18 1.19 1.19 
Tensile Strength A.S.T.M. D-638-46T 
, '4” specimen (0.2"/ min.) 
Maximum, psi. 8000 9000 9000 7000 
Flexural Strength A.S.T.M. D-790-45T 
Span-depth ratio 16 
(0.1"/ min.) 
Maximum, psi. 15,000 16,000 16,000 12,000 
Compressive Strength A.S.T.M. D-695-44T 
(0.2"/ min.) _ 
Maximum, psi. 14,500 15,000 17,000 12,000 
Impact Strength A.S.T.M. D-256-47T 
Izod Molded Notch 
(per inch of notch) ft. lbs. 0.5 0.4 0.4 
Rockwell Hardness R & H P-20 
14” Ball, 100 Kg. Load M—80 M—84 M—92 M—62 
Light Transmission A.S.T.M. D-672-42T 
“As Received"’ Total White, % 93 93 93 . 93 Cc 
Effect of Accelerated LP 406b-6021 (240 hours) 
Weathering on Crazing None None None None 
ppeenmace of Discoloration None None None Yellowed Slightly 
Clear Material Warping None None None None 
Unmolding None None None None R 
Heat Distortion A.S.T.M. D-648-45T B 
Temperature 2°C./min.-264 psi. 75°C. (167°F.) 80°C. (176°F.) 91°C. (196°F.) 67°C. (153°F.) 
Flow Temperature A.S.T.M. D-569-48 


_ | 132 C. (270°F.) 


140°C. (284°F.) 


158°C. (316°F.) 


H 
145°C. (293°F,) T 





Shrinkage from 
Mold Dimension 


A.S.T.M. D-551-41 modified | 


(Cold mold to cold piece) 



































mils in. 48 hrs. 4—7 | 4—8 5—8 F 
=_— T | 

Deformation under A.S.T.M. D-621-48T 

Load 2000 psi., 24 hrs. @ N 
50°C., percent | 0.4 | 0.3 0.3 

Dislectric Strength AS.T.M. D-149-44 | | F 
Volts mil 500 | 500 500 500 

Dielectric Constant A.S.T.M. D-150-47T | V 
1,000,000 cycles 2.3 | 2.3 2.2 3.0 

Power Factor A.S.T.M. D-150-47T | 
1,000,000 cycles 0.03 0.03 0.03 0.02 

Loss Factor A.S.T.M. D-150-47T 
1,000,000 cycles 0.08 0.08 0.06 0.06 





Arc Resistance 


A.S.T.M. D-495-48T 


No Tracking 


No Tracking 


No Tracking 


No Tracking 





Flammability 


A.S.T.M. D-635-44 








Burning Rate, in./ min. 0.5 0.6 0.7 0.7 
Odor None None None None 
Taste None None None None 





Water Absorption 


A.S.T.M. D-570-42 








Wt. gain on 24 hours water 


immersion 
Dimensional change on 
immersion, percent 


None 








0.3 


None 


0.3 


None 














0.3 
Non 
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MOLDING POWDERS 


Property Test Conditions Implex A Implex B Implex C Implex F 




































































Specific Gravity D-792-44T 1.12 1.16 1.18 1.16 











Tensile Strength D-638-46T (0.2” min.) 
Maximum, psi. 5500 7300 7600 8000 
Modulus, psi. 225,000 300,000 325,000 325,000 
% Elongation (Break) 30 25 15 25 
Flexural Strength D-790-49T (Flatwise, 
0.10"/min.) 
Maximum, psi. 8700 11,500 12,000 12,000 
Modulus, psi. 280,000 360,000 360,000 360,000 
Impact Strength D-256-47T (Method 
B-5" x ly” x 14") 
Charpy at 
73°F., ft.-lbs. 30 20 13 20 
— 13°F., ft.-lbs. 24 17 9 17 
Izod at 
73°F ., ft.-lbs./in. of notch 2.0 0.8 0.5 0.8 
— 13°F., ft.-lbs./in. of notch 0.7 0.5 0.3 0.5 





Compressive Strength D-695-52T (0.05"/min.) 























Maximum, psi. 7300 10,500 11,500 12,000 
Modulus, psi. 250,000 325,000 380,000 385,000 
y 
Rockwell Hardness D-785-51 (Method A) L—58 L—89 L—93 L—94 
| Barcol Hardness R & H D-79 56 69 74 73 
Heat Distortion D-648-45T (2°C./min.) 
| Temperature 264 psi. 169°F. (76°C.) 174°F. (79°C.) 174°F. (79°C.) 189°F. (87°C.) 
66 psi. 194°F. (90°C.) 185°F. (85°C.) 185°F. (85°C.) 207°F. (97°C.) 
Flammability D-635-44 (in./min.) 0.6 0.5 0.6 0.7 
Mold Shrinkage Mil/in. 4—8 4—8 4—8 4—8 
Flow Temperature D-569-48 Method A 320°F. 295°F. 285°F. 325°F. 
Water Absorption D-570-42 (24 hours immersion) 
Weight gain, % 0.3 0.3 0.3 0.3 




















IMPLEX FORMULATIONS 


IMPLEX< A is recommended where maximum impact strength is required. It is the toughest, most flexible 
member of the Implex family. 


IMPLEX< B is recommended for use where high gloss and moderate impact strength are required. Implex B 
will flow more readily than Implex A particularly in thin sections. 


IMPLEX< C is recommended for use where maximum stain resistance and abrasion resistance are required but 


where high impact strength is not needed. Implex C was developed specifically for use in piano 
and organ keys. 


IMPLEX F is recommended for use where high heat distortion temperature and moderate impact strength 
are required. Implex F is recommended for use in vending machine canisters containing beverages 


and powdered cream, sugar, etc. It has been approved by the National Sanitation Foundation 
Testing Laboratory, Inc. 


For additional information on PLEXIGLAS and IMPLEX, and assistance in their use for 
specific applications, call or write any of these ROHM & HAAS COMPANY sales offices: 


ATLANTA 9, GEORGIA 


1430 W. Peachtree Street, N.W. 
Telephone: Trinity 5-7808 


BOSTON, MASSACHUSETTS 


31 Washington Street 
Wellesley Hills 81 
Telephone: Cedar 5-7134 


CHICAGO 48, ILLINOIS 
5750 W. Jarvis Avenue (Niles) 
Telephone: Rodney 3-7000 


CLEVELAND 16, OHIO 


20575 Center Ridge Road 
Telephone: Edison 3-0920 


DALLAS 6, TEXAS 


6300 North Central Expressway 
Telephone: Emerson 3-1683 


DAYTON 2, OHIO 


333 West First Street 
Telephone: Baldwin 3-8513 


DETROIT 35, MICHIGAN 
20211 Greenfield Road 
Telephone: Broadway 3-0674 


KANSAS CITY 11, MISSOURI 
4324 Main Street 
Telephone: Logan 1-6821 


LOS ANGELES 36, CALIFORNIA 
5657 Wilshire Boulevard 
Telephone: Webster 1-1491 


NEW YORK 1, NEW YORK 
350 Fifth Avenue 
Telephone: Longacre 3-4154 


OAKLAND, CALIFORNIA 
2150 Franklin Street 
Telephone: Templebar 4-6300 


PHILADELPHIA 5, PENNSYLVANIA 
Washington Square 
Telephone: Walnut 5-9860 


ST. LOUIS 17, MISSOURI 


2200 S. Brentwood Boulevard 
Telephone: Parkview 7-7172 


WASHINGTON 5, D.C. 
734 Fifteenth Street, N.W. 
Telephone: National 8-0847 


IN CANADA 


Rohm & Haas Company of Canada Ltd. 
West Hill, Ontario 


WASHINGTON SQUARE 





i ROHM & HAAS COMPANY 


bd PHILADELPHIA 5&, PA. 


PLEXIGLAS is a trademark Reg. U.S. Pat. Off. and in other principal countries in the Western Hemisphere 


IMPLEX is a trademark Reg. U.S. Pat. Off. and in principal foreign countries. 


Printed in U. S 





FLEXIBLE AND TOUGH... Wellington Sears broken twills 


are widely favored by the coating industry, particularly for auto- 
mobile upholstery, because of their high tear resistance and tensile 
strength. Their surface smoothness makes a consistently good look- 
ing finished product and their flexibility adds good tailoring qual- 
ities. Wellington Sears broken twills, soft-filled sheetings and 
sateens are made up to 72 inches wide in weights of about 6 to 10 
ounces per square yard. 


VERSATILE BACKING... Uniformly high quality standards 


of our well-known Columbus sheetings, and also Wellington Sears 
drills, have established them in a wide variety of coating applica- 
tions. These fabrics are suited for large-volume use items—wher- 
ever high quality, flexibility, easy handling and a minimum of pro. 
duction rejects are essential. Drills are made up to 72 inches wide, 
4% to5% ounces per square yard. Columbus sheetings are available 
40 to 120 inches wide, from 2 to 5 ounces per square yard. 


NEW STRENGTH, NEW LIGHTNESS... welkote is the 


Wellington Sears filament nylon backing fabric specifically engi- 
neered for vinyl and neoprene coating. In truck covers, tents, tar- 
paulins and other protective coverings, Welkote serves to impart to 
the coated material superior tear strength, tensile and bursting 
strength, and flexibility, while giving the finished product remark- 
able lightness. Available in 36 to 72 inch standard widths (special 
widths on request), in three basic weights. 


SMOOTH, CLEAN SURFACE... Already established in the 


upholstery field, and developing rapidly in others, this rayon staple 
fabric furnishes a coating surface that is outstanding for smooth- 
ness and cleanliness. In addition, it contributes superior tear 
strength. This fabric is made in various standard weaves in widths 
up to 72 inches and weights from about 4 to 10 ounces per square 
yard. Other Wellington Sears synthetic fabrics include filament 
rayon; filament and spun nylon, Dacron*; spun dynel and Orlon**, 


VITAL ELASTICITY... KnitKote is a cotton knit fabric spe- 
cifically designed for backings, supplying vital elasticity with per- 
fect shape retention. KnitKote backing gives leathercloth an ease 
of tailoring unsurpassed by other backing materials, a feature of 
great importance to the final fabricator. KnitKote is an outstand- 
ing base material for coated automotive and furniture upholstery. 
It is available in the grey or dyed neutrally, 52 to 60 inches wide, 
3.60 to 6.70 ounces per square yard. 


NEW RESILIENCE... Lantuck-NR non-woven fabric is de- 
signed specifically to reinforce vinyl! film or coating. A completely 
random distribution of nylon and rayon fibers is bonded with a spe- 
cial agent, to give vinyl high tear strength; outstanding stretch 
and recovery; easier, neater tailoring; smooth even surface—no 
clothiness; good embossing surface; durability and economy; equal 
tensile strength, tear and stretch characteristics in all directions. 
This and other Lantuck fabrics for coating are made in a variety 
of weights, fibers and constructions in widths from 37 to 59 inches. 

*DuPont’s trademark for its polyester fiber 

**Dupont’s trademark for its acrylic fiber 


For free booklet “Fabrics Plus” write = 
Dept. KE-2 e's, 


Wellington Sears Ss: 


First in Fabrics For Industry Wellington Sears Co., 111 West 40 Street, New York 18, N. Y. 
Offices in: AKRON * ATLANTA * BOSTON * CHICAGO ° DALLAS * DETROIT * LOS ANGELES * PHILADELPHIA * SAN FRANCISCO 





PROPERTIES: Extremely tough, excellent impact strength, 
resilient, lightweight, lustrous, weather resistant, dimen- 
sionally stable. Available in a wide variety of formu- 
lations, including weather-resistant, and an almost 
unlimited range of transparent, translucent, opaque, 
metallic and variegated colors plus a crystal-like clear 
transparent. 
Adapted to fast injection molding or extrusion. 


TYPICAL USES: Steering wheels, telephone housings, busi- 
ness machine keys, tool handles, football helmets, in- 
dustrial pipe, skin and 


blister packaging, out- 
door signs, architec- © 
tural penels, warning 


BUTYRAT E 


PROPERTIES: The orig- , 
St Dosis pews SIN, : }Be 
fering a wide range of Woo cc 
desirable properties in- - : 
GhaNisde fedubee. Ac ETATE 
light weight, impact 


strength, enduring luster and low heat conductivity. 
Availabie in a variety of formulations and almost un- 


light flasher lenses. 


limited colors. 
Adapted to fast injection molding or extrusion. 
TYPICAL USES: Small appliance housings and parts, figur- 


ines, containers, toys, novelties, lamp shades, handles, 
vacuum cleaner parts. 


PROPERTIES: A cellu- 
losic with physical 
properties that, in 
general, range be- 
PROPIONATE erm nae 
tate and Butyrate. 
Available in a variety of formulations and a wide range 
of clear and opaque colors. 
Adapted to fast injection molding or extrusion. 


TYPICAL USES: Safety goggles, telephone housings, 
handles, packaging sleeves, tosmetic cases, pen and 
pencil barrels, jewelry cases, eyeglass frames. 














TENITE 


plastics facts 





for starting 


ideas... 


Six versatile TENITE Plasiics give you a wide selection 
of properties for tough, durable products sparkling with 
a lustrous finish and virtually unlimited in color. More 
than 42,000 hues and color effects are already on file in 
the Tenite Color Laboratory. Whether your plastic ap- 
plication is for indoor or outdoor use, you can find excit- 
ing possibilities in TENITE Butyrate, Propionate, Acetate, 
Polyethylene, Polypropylene, and Polyester. There is a 
formulation to meet your design needs...to satisfy your 
performance requirements...to suit your manufacturing 
facilities. 

Tenite representatives are technically trained and 
ready to help in the design or production of plastic 
products. You'll find their addresses listed under “Plastics 
—Tenite” in the classified telephone directories of these 
cities: Atlanta, Chicago, Cleveland, Dallas, Dayton, 
Detroit, Greensboro (N. C.), Kansas City, Leominster 
(Mass.), Los Angeles, Minneapolis, New York City, 
Philadelphia, Rochester (N. Y.), St. Louis, San Francisco, 
Seattle, Toronto. 


EASTMAN CHEMICAL PRODUCTS, INC. 
subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 


~ PROPERTIES: 
a aameetpeenedssodes sag lones 
properties, 





and resistance to abrasion, chemicals, stress 
cracking, water and moisture vapor transmission. Su- 
perior flexural strength and extremely high resistance to 
Seeing fatigue. Polypeopylans te ot ot Gee: ipiiest ot 
all solid plastics. i 





mild shee, wine and cable Coven induetilpip. ; 
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Make up the list to several hundred 
(mind you put the rignt letters after their names) 


put them out to play in some of the best equipped 


ge laboratories in the plastics business, and you 


Pla. have built up something like the Research and 
Technical Service and Development Departments at 


: © 1.C.1. Plastics Division. 


P.S. Don't forget that rather nice lab. assistant — 
in 1.C.1. he could be tomorrow's Chairman. 


yay 
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. 
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MEANS PROGRESS IN PLASTICS . 
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Concise designers guide 

to 50 Koppers polystyrene and polyethylene formulations 


DYLENE® DYLAN® SUPER DYLAN® DYLITE® 
polystyrene polyethylene high-density polyethylene expandable polystyrene 





4 Here are the bare facts: Physical properties and abbreviated application ideas for the most important Koppers poly- 
a styrenes and polyethylenes. Koppers technical and applications representatives, located in principal cities, are prepared 
‘? to assist designers and engineers in material selection, design and marketability of products. 
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Type 28 Heat-resistant, modified medium impact material 


® 
ad | to rn a for metallized closures and radio cabinets. 
polystyrene Type 30 For appliance parts. Easy to mold. Typical heat 
distortion temperature of 175°F.* 


DYLENE is a rigid thermoplastic readily formed by injection Type 80 Has typical heat distortion temperature of 195°F.* 
molding, extrusion and vacuum forming. 
high shock-resistant DYLENE polystyrenes 


normal DYLENE polystyrenes Type 200 Easy molding and impact resistance . . . for large 

Type 2 Easy to mold .. . ideal for use with large and/or parts such as refrigerator inner door liners, appli- 
small, intricate mold designs. ance housings, etc. 

Type 3 Fine molding characteristics . . . good for use where Type 201 Especially designed for sheet extrusions where 
moderate heat resistance is necessary. high luster without overlay is desired. 


Type 400 High impact material with heat distortion tem- 
perature of 175°F.* Excellent toughness. 
Type 800 Typical heat distortion temperature of 182°F.* 
. easy to mold, exceptional strength. 


Type 4 Use where easy flow and fast setup are important. 
Type 8 Typical heat distortion temperature of 201°F.* Ex- 
cellent electrical and mechanical properties. 

Type9 Superior heat distortion temperature of 204°F.* . ' 

Ideal for radio cabinets. EVENGLO® polystyrene — a series of polystyrenes specially 
pigmented for interior illumination applications. Provides 

medium control of light transmission, diffusion, and color for long, | 
shock-resistant DYLENE polystyrenes useful life; stabilized to resist intense light exposure. Other; 


; tae mee special modified formulations available upon request. 
Modified medium impact material ideal for closures. *By ASTM method D648 









Type 20 












CA ylAM poiyetnyiene 


Conventional and Intermediate Density—ASTM TYPES 1 and 2 


The 1000 and 2000 series (ASTM TYPE 1) DyLan poly- 
ethylenes are soft and flexible, ideal for squeeze bottles, film, 
injection molding, and packaging. The 3000 and 4000 series 
(ASTM TYPE 2) DyYLan polyethylenes are intermediate- 
density resins, suited for pipe, and injection molded items 
where properties of superior stiffness and strengths are needed. 






































DYLAN resins are numbered to indicate density groups (as 
explained) and melt index—the “N” suffix indicates poly- 
ethylenes tested and approved by the National Sanitation 
Foundation Testing Laboratory, Inc., University of Michigan, 
School of Public Health, Ann Arbor, Michigan, for the pro- 
duction of “nSf’—labelled pipe, suitable for drinking water. 
“nSf” types contain carbon black and effective anti-oxidants. 





















































DYLAN Properties Comparison Table 






































































































































































Typical Values for Natural DYLAN Polyethylenes 
Property ASTM Test 
Units Method (ASTM TYPE 1) | (ASTM TYPE 2) 
Density gm./mi D1505-57T 0.914-0.925 0.926-0.940 
Melt Index gm./10 min D1238-57T 0.2-35.0 1.2-20.0 
Tensile Yield Strength | psi D412-51T (1)| 1400-1500 2000-2600 
psi D638-58T (2) 
Tensile Elongation per cent 0412-51T 250-650 400-500 
at Break per cent 0638-58T 
Stiffness in Flexure | psi D747-58T (3); 16000-22000 29000-45000 
0747-58T (4) 
lzod impact Strength | Ft. ib./In. Notch) 0256-56 (5)| No break No break 
Hardness (Shore D) 0676-49T 
Thermal Coefficient [in./in./°F 0696-44 10 x 10° 10 x 10° 
of Linear Expansion 
Dielectric Constant D150-57T 2.3 23 
(80 mc) 
Dissipation Factor D150-57T <0.0005 <0.0005 
(80 mc) 
Specific Heat Cal./gm./°C 0.5 05 
Mold Shrinkage In/.tn 0-955-51 0.02-0.04 0.02-0.04 
Flammability Rate under D635-56T Slow burning Slow burning 
2%*/Min 



































2 in./min., compression-molded specimen (2) 2 in./min., injection-molded specimen 
As" specimen (4) 4%" specimen (5) 4%" x %" specimen 











(1) 
(3) 








DYLAN Polyethylene 
(Low- and Intermediate Density) 





Meit* 


Index Density** 


(Typical) 


Recommended Use 





ASTM TYPE 1 Natural Grades 

















1100-A 8 915 Injection Molding 
1000 0.2 916 Blow Molding 
1020 2 916 Injection and Blow Molding 
1022 2 916 Film, Injection and Blow Molding 
1023 2 916 Film 
1100 10 915 Injection Molding 
1200 20 915 Fast Flow Injection Molding 
1220 22 915 Fast Flow Injection Molding 
2012 1.5 925 Injection and Blow Molding 
2020 2 920 Injection and Blow Moiding— 

General-Purpose Film 
2021 2 920 Biow Molding-High Surface Gloss 
2025 Clear Tough Blown Film— 
ot 2.5 920 Low-Medium-High Slip 
2035 High Clarity Blown Film— 
2037 2.3 922 ow-Medium-High Slip 
2039 
2038 25 921 Chill Roll Film—Clear—Strong 
2026 23 923 Frosty Textile Film 
2046 3.5 923 Frosty Textile Film 
2050 5 921 Injection Molding 
2072 7 921 Injection Molding 
2350 35 922 Fast Flow Injection Molding 
ASTM TYPE 2 Natural Grades 
336 4 926 Frosty Textile Film 
3046 4 929 Textile Film—Frosty 
3072 7 928 Injection Molding 
3102 10 929 Injection Moidin 
3202 20 929 Fast Flow Injection Molding 
3014 1.2 930 Blow Molding 
4006 5 939 Blow Molding—Low Surface Luster 
4014 1.2 939 Injection and Blow Molding 
4042 a 940 Medium Stiffness—Iinjection Molding 
ASTM TYPE 1 Biack Grades 
Utility Black | 2 917 Pipe 
Utility Black I! 1.5 930 Pipe 
1014-A 2 917 Film—Black Master Batch 
2014 1.5 925 Pipe and Tubing— 

Injection and Blow Molding 
ASTM TYPE 2 Biack Grades 
3014-N*** | 1.2 930 nSf Pipe 
4014-N°** | 1.2 939 nSf Pipe—injection Molding 
Colors 


For price of colors, add to the price of natural in the appropriate quantity bracket as follows: 





*ASTM Test Method D-1238-52T 


**ASTM Test Method D-1505-57T, on base resin. Add .011 to translate to biack. 
***Approved nSf Grades. Contain effective antioxidants 





super dylan’ 


high-density polyethylenes astm tvee3 


tensile strength 


The high tensile values shown in the table make possible the 
production of pipe of reduced wall thickness which demon- 
strate service-pressure characteristics comparable to heavier 
wall pipe of lower-density polyethylene. 


chemical resistance 


Because SUPER DYLAN is an ethylene polymer, it is not at- 
tacked by acids (including hydrofluoric acid which dissolves 
glass) or alkalies. 


high-temperature toughness 


At 15 psi steam pressure in an autoclave, samples of SUPER 
DYLAN displayed maximum observable dimensional reduc- 
tion of only 4%, while low-density polyethylene became a 
shapeless mass. 


low-temperature toughness 


In comparative tests, SupER DyLan bars chilled to —-100°F. 
remained intact when subjected to 32 foot-pound per inch of 
face blow in the Izod Impact Test. Lower-density polyethy- 
lene fractured. 


environmental crack resistance 


Producers of blown bottles have found that SupER DYLAN 
polyethylene has demonstrated outstanding environmental 
crack resistance with numerous cosmetics, pharmaceuticals, 
and detergents. Similarly, pipe* tests have also shown out- 
standing performance. 


appearance and coloring 


Unlike most lower-density polyethylenes, SupER DyLaN 
makes smooth, glossy products. It is transparent in very thin 
sections and has a milky-white translucence in thicker sec- 
tions. These factors allow a wide selection of colors. 





ease of processing 


Along with being tough, heat-resistant, and rigid, SuPer |’ 
DYLAN is easy to process. In conventional molding machines, 
it molds under normal temperatures. It usually needs 50°F. 
higher cylinder temperature than lower-density polyethylene 
and 30° to 50°F. less heat than many impact-type poly- 
styrenes. 


many applications 


Versatile SuPpER DyLan high-density polyethylene can be 
used in toys, kitchenware, auto parts, pipes and fittings, 
bottles, carboys, packaging films, industrial housings, washing | | 
machine agitators, refrigerator parts, beverage cases, and || 
many, many other products. 


*January, 1955 41-GP-5P Canadian Government Specifica- 
tion Board, Provisional Specification for pipe: Polyethylene 
for Cold Water Service. 


Typical Physical Properties of SUPER DYLAN High-Density Polyethylene 





Property Units 





ASTM test method Range of values | | 


D1505-57T 0.953 
D1238-57T 0.2-9.0 


Density gm./mi. 
Melt Index gm./10 min. 
Tensile Yield ; elent G 
— pal DeaeseT <2 
Tensile Elongation 
at Break per cent 0412-51T 
per cent 0638-58T 
Stiffness in Z 0747-887 
Flexure psi aby R 
0256-56 (5) 


0676-49T 


izod impact Strength 
Hardness (Shore D) 


Thermal Coefficient 
of Linear Expansion 


Dielectric Constant 
(80 me) D150-57T 


Dissipation Factor 
(80 mc) 


Ft. Ib.In. Notch 


in./in./°F. D696-44 


; 0150-57T 
Specific Heat Cal./gm./C. 
Mold Shrinkage in./in. 0955-51 

Flammability Rate under 24" /Min. | D635-56T 
Dimensional Stability 
at 250°F. (Steam) per cent 














1) 2 in./min., compression-molded specimca. 8 2 in./min., injection-molded specimen 
% Ae” specimen (4) %" specimen 5) %” x %” specimen 





expandable polystyrene 


DyLite is a remarkable foamed plastic that was introduced 
by Koppers in 1954. Since then, it has found outstanding 
applications in fields such as protective packaging, low tem- 
perature insulation, refrigeration, floatation equipment, and 
containers. DyLiTe is shipped in the form of tiny beads. 
They're placed in a mold, heated, then expanded to as much 
as 40 times their original size. The resultant plastic is a true 
foam with a completely-closed cell structure—one that can’t 
breathe, absorb moisture or water vapor 

rhis outstanding combination of properties makes DyLiTE 
such a revolutionary new plastic. 


thermal insulator 
The thermal conductivity (K Factor) of DyLiTe at 2 


Ibs./cu.ft. density is 0.242 at a 75°F. mean temperature. 
Dy LITE is highly resistant to heat and is unaffected by mois- 
ture condensate. It has excellent moldability so it fits com- 


plicated contours of low temperature equipment. 


water-resistant 


Dy.ite has a water absorption rate of 0.9% by volume 
after 48 hrs. immersion (2 lbs./cu.ft. density). The rate 
of water vapor transmission is 1.18 perms. DYLITE can 
remain in water indefinitely 


shock-resistant 


DYLITE possesses an energy absorption ratio (Maximum 
Load) of 56.74 in. lbs/cu.ft. at a density of 2 lbs./cu.ft 


lightweight and buoyant 


DyYLITE is lighter than cork—it can be molded at densities 
as low as | Ib./cu.ft. In packaging, DyLtre handles easily, 
reduces shipping costs. It’s ideal for floatation equipment 
| cu.ft. of DyLire will support more than 60 pounds in 
water 


strong 


At 2 lbs./cu.ft. density, molded DyLITE displays a compres- 
sive strength of 30 psi and a tensile strength of 55 psi 
Dy Litre has an excellent strength-to-weight ratio. It can be 
used to solve a wide variety of design problems. 


C-61-135 





Write for fully detailed and illustrated technical folders on 
DYLAN, SUPER DyLan, DyLITE, and DYLENE plastic mate- 
rials. Koppers Technical Service Representatives are strate- 
gically located in various district sales offices to give prompt 
assistance on any plastic problem. Koppers Plastic Applica- 
tion section will be glad to assist the designer and end-use 
manufacturer with engineering materials, specifications, de- 
sign and marketability of products—right at your plant. 





re 


Offices in Principal Cities 
In Canada: Dominion Anilines and Chemicals Ltd., 
Toronto, Ontario 


KOPPERS COMPANY, INC. 
Plastics Division 
Pittsburgh 19, Pennsylvania 


a. 
KOPPERS 
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Litho in U.S.A. 





IF PHENOLICS CAN DO IT... 


can answer your requirements for durability, 
strength, adaptability . . . can offer ease and econ- 
omy of production and uniformity of quality .. . 
permit subminiature dimensions or relatively mas- 
sive proportions . . . assure high precision, hardest 
wear, ability to withstand climatic, environmental, 
or special conditions . . . and make certain of satis- 
faction in product performance and appearance... 


PLENCO 


CAN PROVIDE IT... 


from a wide range of dependable General-Purpose 
and Special-Purpose Molding Compounds . . . heat 
resistant, impact resistant, moisture, chemical, 
and electrical resistant compounds. . . non-bleed- 
ing compounds. . . mottles ... colors. . . already 
made or custom-formulated to your needs, and 
available with Plenco’s experienced counseling and 
testing services... 


AND DOES 


in countless, ‘‘hidden’’ industrial uses as well as 
attractive, ‘‘see me” consumer-product applications. 
There’s a little Plenco (or quite a lot) in the best of 
things . . . and the best of companies put it there. 
Call us to discuss the advantages of Plenco pheno- 
lics for your product. 


PLASTICS ENGINEERING COMPANY 


SHEBOYGAN, WISCONSIN Serving the plastics industry in the manufac- 
ture of high grade phenolic molding compounds, industrial resins and coating resins. 
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Five good reasons 
why CIBA is 
“First in Epoxies’ 





integrated Production... irale 
from raw materials to ‘por 
resins ready to use resi 


Production from the most modern plant of its kind) 
the world assures customers that they will re¢ 
products free from contamination or variation. 
basic chemicals to finished resins, this careful 
tion means uniformity for customer end products, | 





Product Range... 
to fit every application 


CIBA markets a wide range of liquid and solid 
solutions, hardeners, diluents and modifiers to 
the needs of every user. Information on new produc 
as well as performance data, or end use canbe 
obtained by contacting your CIBA representative. 





New Products... 
to keep pace with 
today and tomorrow 


Flexible epoxy resins...non-burning epoxies... 0a 
second curing epoxies . . . low viscosity epoxies 

many other advanced products highlight recent deve: 
opments from CIBA laboratories. These products ae 
already in use and more are on the way. 








Technical Service... 
geared to your special needs... 
practical in its help 


Technically trained field representatives are always 
ready and willing to bring useful information to 
customer and to assist with specific problems. T 
nical Service Notes, Technical Bulletins and Prot 
Information Data are available on request. 


e: 





Sales Service... : 
prompt deliveries , 
where and when you need them 


Whether the need is for can, drum or tank car ¢ 
tities the same careful handling and quick servié 
assured. To maintain this service, CIBA has stral 
cally located warehouses throughout the co 
Sales offices are listed in the Yellow Pages 





Epichlorohydrin, one of the basic CIBA 

building blocks for CIBA’'s . . . 
Araldite Epoxy Resins, is First in Epoxies 
produced in this modern plant. 





















































ARALDITE Epoxy Resin Solutions * 


HUSA ind Canada CIBA produces basic resins only 
‘0 be formulated for intermediate and end uses. 








Further information on these CIBA products 
and applications may be obtained promptly by 
addressing: 

CIBA Products Corporation 

Fair Lawn, New Jersey 














Polyethylene 

Polystyrene 

High Impact Polystyrene 

Vinyl Resins 

Vinyl Compounds for injection 
molding and extrusion 


Cellulose Acetate and 
Butyrate (reprocessed) 
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Surplus Molding Powder 
Off-specification Resins 
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OC PLlawese CELCON ...4 NEw ENGINEERING MATERIAL 


“Designed for the engineer... 





For years, Celanese market development specialists have recognized a widespread need for a material with 
good moldability and a high level of performance. Celanese research engineers, with long experience in polymer chemistry, 
have successfully designed and built a new copolymer—Celcon—which meets these exacting specifications. 





different from other As a copolymer of trioxane, Celcon has the chemical structure required for an exceptional 
engineering materials = -»mbination of properties. It is the combination of engineering properties that makes Celcon 
the engineer's answer to many applications formerly requiring metals, thermosets, and other 
fabricating materials for performance. It is the combination of color, finish and easy molding 
for intricate shapes that make Celcon the designer’s answer for eye appeal and function. 


molecular structure and  Celcon is specially designed to provide broad versatility in processing properties without 
processing versatility the usual sacrifice of high performance in the end product. Celcon is truly a new plastic; 
not the usual molecular juggling of an existing material that improves one area of 
performance at the expense of another! 


the significance of To have a high level of basic physical properties is one thing, but to develop these properties 
Celcon’s easy in commercial molding operations is frequently another. Polymer degradation during the 
. + ge molding operation can significantly reduce strength properties. Molded-in stresses can also 
molding qualities reduce heat resistance as well as strength properties and chemical resistance. 


Celcon’s excellent flow characteristics, low-melting point, and wide molding temperature 


range permit commercial production of molded parts that are low in both polymer 
degradation and molded-in stress. 





The effect on basic physical properties of molding over a temperature range of 100° F. is 
shown in Fig. 8. Essentially no polymer degradation is the result. 


Commercially molded parts of good design generally will unmold between 310° and 315° F., 
just 5° below the softening temperature of Celcon. This is the proof-positive of 

low molded-in stress. 

| Another feature of Celcon’s wide molding temperature range is that part dimensions are 
more readily controlled. 

Celcon possesses the highly desirable characteristic of resisting further creep after the initial 
| deformation. Or, simply, Celcon remains dimensionally stable over long periods of time, 

and under varying conditions of use. In this regard, it outperforms many other engineering 
plastics, especially at high temperatures. 

| Celcon, at the same time, is resistant to a very broad range of chemicals which could act as 
stress cracking and softening agents. This factor further reduces the possibility of 
unpredictable failures in a wide range of environments. 


here are the applications for which Celcon is particularly suitable: 


DSOL BOTT 


O01 FERING ADVANTAGES OVER METALS 


... ngineered for the designer” 


EVALUATION DATA ON CELCON 


here’s how CELCON performs for you... 


Resists chemical attack 
Resists temperature effects 
Fights friction and abrasion 


Stays strong and “springy” 


Remains dimensionally and 
chemically stable 


Resists impact 
Offers good electrical properties 


Provides a handsome surface 


FLEXURAL CREEP 


Tn | 
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eicon (Acetal Copolymer) 


500 psi Fiber Stress 


Defiechon vs Time 

oe 

240"F 

1000 
riG.1 
At 240° F. Celcon follows a typical creep curve and 
at 3000 hours it is just under 3% total deflection. 
Data are the result of studies involving only stress, 


temperature and time. Under special environments 
the stability of Celcon is dramatically illustrated 


00 psi Fiber Stress 
Deflection vs Time 
ot 
180°F 
Celcon (Acetal Copolymer) 


\ 


100 1000 

Time. HOURS 
Fig 
Fifty 
defle: 


ls deflection in this test represents 244% 
n well within most product requirements. 


S00 ps: Fiber Stress 


Deflection vs Time 
a 
Room Temperature 


FIG. 3 

Curve representing actual deflection versus time, 
plotted semi-logarithmic. At 73° F., Celcon performs 
well below 1% deflection after almost 5000 hours. 





Celcon (Acetal C 


opolymer) 


240°F 1000 Pui 
10 W-30 Unifie 
Moter Oil Atmosphere 





FIiG.4 

The effect of environment added to creep behavior. 
Creep curve for Celcon is unaffected by antifreeze 
glycol or motor oil. The exceptional resistance of 
Celcon to so many organic compounds is a factor in 
lending predictability to its performance. 


T RESISTANCE OF CELCO 


A steel ball dropping from the same height onto a 
panel of ordinary steel, .03” thick and onto a sheet 
of Celcon, .125” thick, but weighing less than the 
steel. The longer trajectory for Celcon is indicative 
of its comparative resiliency. 


FIG.7 

The resultant deformation on the same two ma- 
terials after one blow and a number of blows. 
Celcon sheets were impacted 10 times with no 
noticeable damage, but the steel panel was badly 
distorted after only 4 blows. The blow needed to 
break Celcon is well beyond the point at which 
many standard fabrication materials would have 
failed through distortion. 


MOLDING PROPERTIES OF CELCON 


























MOLDING TEMPERATURE — °F 











Fic.8 
In molding Celcon, over a plastic temperature range 
of 100° F., flexural strength and modulus, impact 
strength and hardness as well as other properties 
were not affected. Actually Celcon has been molded 
successfully from 350° F. to 485° F., a range of 
135°. And its easy flow at these plastic temperatures 
permits lower temperatures in the mold. Mold 
temperatures from 140° F. to 240° F. have been 


used successfully. 





EFFECT OF REMOLDING ON PROPERTIES CELCON COPOLYMER 
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Celcon (Acetal Copolymer) 


240°F 1000 Psi 
PERMAGUARD 
ANTIFREEZE ATMOSPHERE 
Ethylene Glycol Bese 
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TENSE PROPERTIES 
YIELD STRENGTH 
ELONGATION AT YIELO 
TENSILE MODULUS 
BREAK STRENGTH 
ELONGATION AT BREAK 

FLEXURAL STRENGTH, 5% 

FUERURAL MODULUS. 5% 

(ZOO IMPACT STRENGTH 
NOTCHED 

72°F, Sow RH 
“or 
UNMOTOMED— 
73°F, Som RH 
VICAT SOFTENING POUNT 

















ric.9 

Comparison of ASTM properties of virgin Celcon 
with regrounds put ceca de molding operation 
five times. Across the profile of properties little 
significant difference is noted—a requirement for 
economical and predictable injection molding. 



















































FORTIF 


A60-20R 


A60-70 


A60-250 


A60-500 


FORTIF 
B50-20R 


B50-80 


B50-250 


B50-500 


B45-30R-02 


B45-90-04 


FORTIF 


FORTIF 


FLAME 


CPlawcce FORTIFLEX...4 comprere RANGE 


PIPE RESINS 024-120P TYPE | PIPE COMPOUND 


Standard CS-197-60. These Fortiflex resins offer high extruder 
output . . . excellent long term pressure characteristics and coilability. 





O 


Lex A... linear polyolefins 
Available in natural and colored molding powders. 


has the highest impact strength, stress cracking resistance and 
low-temperature strength of the A series. Recommended for extrusion, 
calendering, blow molding or injection molding of very small parts 
requiring maximum physical properties. 

is a general purpose resin. It’s recommended for injection molding 

of small parts with limited surface area; for extrusion, 

calendering, blow molding, and as a rubber compounding additive. 

is suggested for intermediate-sized injection molded articles 

where better moldability and improved surface finish are desired. 

has the best moldability of the A series for large-area moldings and appli- 
cations where maximum processability and high surface gloss are required. 
is used primarily as a blending component with low density polyethylenes. 
It offers substantially improved flow characteristics with reduced 

impact strength compared to other resins in the Fortiflex A series. 





LEX B... linear copolymers 


Superior resistance to environmental stress cracking, good processability 
and low permeability—ideal for detergent bottles and allied applications, 
as well as extrusion of wire coating and monofilaments, where its 
resistance to creep under static load, and to abrasion, are required. 


Excellent stress crack resistance with improved processability — 
recommended for injection molding and certain specialty blow-molding 
applications. 


The good flow and moldability of this resin, combined with its 
environmental stress-crack resistance and high surface gloss, makes 
this resin ideal for injection molding. 


This resin offers excellent flow, moldability and surface gloss, and is 
recommended for injection molding of difficult parts requiring superior flow. 
This resin was formulated specifically to surpass the requirements of 

The Department of Commerce Commercial Standard CS-197-60 for Type III 
Pipe, which it does by a margin of at least 20%, while retaining the ; 
ability to produce coilable pipe at high output rates. BLOW-MOLDED BOTTLES 





The good environmental stress-crack resistance, combined with high 
abrasion resistance and good electrical properties and excellent 
processability, make this resin ideal for covering line wire and rural “C” wire. 


LEX C...medium density polyethylenes 


Midway in stiffness between the softer type low density 
polyethylenes and the rigid type Fortiflex A and B resins. 
Fortiflex C is available in three different formulations for film, 
paper coating and pipe extrusion. 

Special resin BFX-31146 exceeds the requirements of CS-197-60 
type II with a good safety margin to spare. 





LEX D...low density polyethylenes 





Available in a range of densities from .915 to .924 and in a WIRE COATING 
variety of melt indices. It provides a line of resins ideal for ee Be ar oi; Te 
injection and blow molding, as well as extrusion of film, $ +a OOS Sy oe 





pipe, wire covering and paper coating. Resins range from 
moderately stiff materials at the top of the density range to 

the softest low density polyethylenes commonly in use today. 
RESISTANT FORTIFLEX 

Celanese offers specially formulated flame-resistant variations 
of Fortiflex A60-70-12, A60-250-12 and A60-500-12. They are 
opaque, self-extinguishing, high-density polyethylenes with a 
specific gravity of 1.04. Burning rate of flammability is reduced 


to the point where they can be classified as self-extinguishing 
under ASTM D-635-56T. 








BFX-31146 TYPE I| PIPE COMPOUND TOTE BOX 


B45-30R-02 TYPE Ill PIPE COMPOUND 


for pipe that exceeds Department of Commerce Commercial 

















O° POLYETHYLENES FROM .915TO.960 DENSITY 


FORTIFLEX A60 AND B50 

















































































































PROPERTIES COMMON TO VARIOUS MELT INDEXES 
ASTM FORTIFLEX FORTIFLEX 
PROPERTY UNITS METHOD A60 B50 
Density g./ec 0792-60T 0.96 0.95 
Highest Use Temperature °F 
Continuous 7. 180 165 
intermittent e, 225 215 
Softening Temperature (1) %, 260 255 
Stiffness in Flexure psi D747-58T 140,000 100,000 
Hardness 
Rockwell R 0785-60T 40 40 
Shore D D1484-59 65 64 
Mold Shrinkage 
Length in./in 0.010-0.030 0.010-0.030 HOUSEWARES § 
Width in. fin 0.010-0.025 0.010-0.025 
Flammability in. /min D635-56T 10 1.0 
Water Absorption 
24 br. @ 77°F. % gain 0570-59aT 0.01 0.01 
/~. 
Refractive Index n2> 
8) 0542-50 1.54 1.54 
PROPERTIES RELATED TO MELT INDEX 
ASTM A60-70 to BS0-80 to 
Property UNITS METHOD |A60-20R A60-500 50-20R | BS0-500 
= —_———— —-— —————— — — — + —_——-_—-4 —__—__4—__ —__—_—_+{ 
Melt index dg. /min 101238-S7T| 0.2 0.7-5.0 0.2 0.8-5.0 
Deflection Temp.. 66 psi °F 0648-56 185 185-180 171 171 
— =a a , . po AUTO SEAT SIDE SHIELD 
lzod impact ft. Ib. per 
in. notch | 0256-56 23 18-3 7 5-1 
Tensile Strength, 0.2 in./min psi 0638-58T 3700 - 3200 3200-3100 
Elongation, 0.2 in./min % D638-58T | 28 25-13 30 25-18 
_——$—_—_—_— — =o. 
Environmental Stress Cracking Modified 
Resistance, Fso Value hr D1693-59T} 190 30-3 2000 2000-320 
(1) Method of Karrer et al., ind. Engr. Chem., Anal. Ed. 2, 96 (1930) 
PROPERTIES—FORTIFLEX C AND D POLYETHYLENES 
DETERGENT DISPENSER ast CM 02% 024 024 O24 024 022- BIS(1) DIS DI8(1) Be 017 01S «6015 
PROPERTY Methed Units 170) 6170) «= 350F )=—08 2088 s120-28 350? k 3-05 «6120 «4170-05 «350P «OOP 862008 
Specific Gravity 934 924 924 «= 924 924 924 6922 «6918 O98 OBS 915 915 
Meit index 17 17 35 70 200 12 35 03 12 17 35 70 200 30.9 
Stiffness in Flexure 0/47-58T ps 44 21 21 21 21 21 - 18 7 14 16 16 15 14 
eee —_— ee ee 2 Ff 2 8 8! 
Tensile Strength 
17°F ’ 0412-61T 
at fracture pst 1900 1900 1700 1500 1300 2100 2150 2200 1800 1800 1600 1300 1200 
at upper yreid os 2200 1700 1700 1700 1600 1700 = 1350 1450 1300 1400 1350 1300 1250 
elongation bs . % 0 SO 40 4 wm 550 60 «6600 0 (60050 SDs«HO 400 
Tear Resistance 01004-59T Ib /in ~ 600 - 530475 625 = 525 «(5250 500 - 450 425 - 
EES es 4 e é —- 
Shear Strength ae 0732 “6 psi - 1800 - 1700 «1500 1850 - 1750 1700 1650 - 1550 1450 - 
Hardness. Shore _01484-59 - DSI _ bag 48 - 052 - 052 , 052 050 — D050 047 
Water Absor 0570-59aT % gain 0.01 
24 hr. @ 77°F - . ei <a ae - = 
a — ele 01525-58T °C 113 oe 8 9 95 oR - .) 93 92 89 87 4 2 
Specific Heat cal/g °C ‘at SE = ite Se ; gies 
solid (70-105°F .) ’ 0.55 
a nc Peas: — - 
Flammability 0635-56 injmin. -_ — cone reais o Percents ne a" 
Coefficient of 696-44 infarc 
Linear 
Thermal Expansion — - _ xls - _ _ = 
Thermal cal/em ( 8x 10-4 
sec °C 
Brittieness 
Temperature 0746-57T °C <-75 <-75 Oo 8 WW <5 - - <% 1 -20 50 -0 -30 
os (1) contains 0.1% Santonox R 
THIN-WALL PIPE ELECTRICAL PROPERTIES OF FORTIFLEX 
ASTM FORTIFLEX FORTIFLEX FORTIFLEX 
Property Units ___Methet (cyctes per sec.) AGO BSC cao 
Dielectric Strength (short time) —_ volts /mil D-149-59 Ea 500 500 = 1000 
Volume Resistivity — Sr ohm centimeters _D-257-58 eke __—s« Sn er 6 xloss sls 
Py Dielectric Constant D-150-59T 1x 103 2.38 2.35 23 
> = - iia 7 1x 106 os 2.37 2 sell  - 2 3 | 
Dissipation Factor 0-150-59T 1x 103 0.00004 0.0002 <0.0005 
1x 106 0.00018 0.0003 <0.0005 





















































































































CPlancce FORTICEL...cettutose propionare 


Its excellent balance of properties makes Forticel distinctive 
among thermoplastics. Its combination of toughness and good 
flexural strength is unique among cellulose ester plastics. And it 
is free of objectionable odor. 

The high impact strengths of Forticel occur at moderate 
plasticizer levels, where its other fine characteristics, such as 
dimensional stability and stiffness are also optimum. No other 
cellulose plastic of similar general properties has less humidity 
expansion. Its low water absorption results in stability against 
warpage. And Fortice! has considerably more resistance to weath- 


ering than cellulose acetate, and is very similar to cellulose 
acetate butyrate in this respect. 

Forticel provides exceptional luster on molded surfaces, obtain- 
able on a fast cycle—in some items the fastest of all the cellulosics 

.. it’s free flowing . . . can be injection molded with great ease 
lends itself to restricted gating and complicated mold layouts, 

Forticel is an excellent choice for blow-molding a wide variety 
of products. It is available in transparent, translucent and opaque 
colors; and the JP series is composed of ingredients that are 
acceptable to FDA for use in contact with watery foods. 


TYPICAL PHYSICAL PROPERTIES OF FORTICEL 


ELECTRICAL PROPERTIES* 


Dielectric Constant at 10° cycles D-150-59T 3.0 to 3.5 
Power Factor at 10° cycles 0.010 to 0.011 
Power Factor at 106 cycles 0.017 to 0.020 
insulation Resistance (megohms) 0D-257-58 2 x 106 


Dielectric Strength (volts /mil) D-149-59 800 to 1,500 


*Measured ot 73°F. and 50% R.H 
the ele properties of F el ore nsto 
al je non ih e e se 






















RESISTANCE®* 


REAGENT EFFECT 
Acids 
30% Sulfuric No change 
10% Nitric Surface attacked 
5% Acetic No change 
10% Hydrochloric No change 
Oleic No change 
Bases 





10% Sodium Hydroxide SI. surface attack 


1% Sodium Hydroxide No change 
10% Ammonium Hydroxide SI. surface attack 
2% Sodium Carbonate No change 


Organic Solvents 
Carbon Tetrachioride Swollen 
Gasoline (white) No change 
Aqueous Solutions 
Water No change 
10% Sodium Chioride No change 
3% Hydrogen Peroxide No change 


*ASTM method D-543-460T 


STEERING WHEELS 





PEN BARRELS AND CAPS 





















e“2Lavece ACETATE...motpinc compounps 


Ec: nomical, versatile Celanese Acetate is a widely used cellulosic finish . . . and is easily fabricated. Parts may be cemented together 
pla: tic. In toughness, acetate can seldom be matched by any to give a bond as strong as the original pieces. 
othr plastic in its price class. It has high impact strength, Celanese Acetate is produced in a number of formulations 
rigi lity, a hard surface, satisfactory dimensional stability for a including flame resistant material, in a broad range of flows. 
wide range of applications. It’s free of objectionable odor . . . It comes in a practically limitless variety of transparent, trans- 
has relatively good temperature stability. lucent and opaque colors—as well as crystal clear. The XK 
Acetate has excellent moldability, and molding temperatures series is composed of ingredients that are acceptable to FDA for 
are not critical. It is free-flowing . . . has excellent surface use in contact with food. 


ACETATE FORMULA SERIES 























XM SERIES XL SERIES XR SERIES XP SERIES XK SERIES XFB SERIES 
ASTM Range Range Range Range Range Range 
Property Units Method S3 - H7 S5 — H4 S2 — H2 Ss — H2 MS — H4 s — H4 
Flow Temperature ba D-569-59 125 185 86115 170 =—«:1130 160 135 160 140 170 135 170 
bo 257 365 239 338 266 320 275 320 284 338 275 388 
Specific Gravity D-792-60T 1.27 1.30 61.28 1.31 1.27 130 1.28 1.28 1.26 1.28 1.25 1.28 
Rockwell Hardness R Scale 0-785-60T 40 119 57 120 = 55 96 50 87 59 108 66 112 
impact Strength (Izod) ft. Ib./in. notch D-25656 5.6 12 5.8 19 28 5.0 3.2 41 29 42 24 
Heat Distortion Temp. °C D-648-56 46 74 44 73 50 65 48 61 52 61 50 58 
F 115 165 1ll 163 122 149 118 142 126 142 122 136 
Deformation % change in height 
Under Load —24 hours D-621-59 37.0 3.0 322 40 30 12 33 15 67 02 ae... 32 
Tensile Strength psi D-638-60T 2800 6400 3600 7400 3900 5800 2800 4800 2800 6100 2700 5800 
Elongation * D-638-60T 52 16 47 16 45 30 50 30 45 33 - — 
Flexural Strength psi D-790-59T 2300 11200 4700 11600 4800 8900 2500 7100 5000 10000 6200 11100 
Compressive Strength psi 0-695-54 12000 29000 13800 32500 16200 25700 14000 22500 — = 14500 27100 
Water Absorption % wt. gain + 
soluble matter lost 0-570-59aT 2.7 27 21 2.6 24 26- 24 24 23 24 45 “Ss 
Weight Loss on Heating % at 82°C. for 72hrs. D-706-55T 10.8 0.5 8.1 0.7 8.1 3.5 6.0 4.0 60 12 3.1 0.8 
CELLULOSE ACETATE 
CELLULOSE FLAKE ELECTRICAL PROPERTIES 
TYPICAL PROPERTIES *® Typical 
ANALYTICAL DATA P CA OPERTIES ASTM =. = 
LY . HYSI L PR THE Method Units XM-H3 XFA-H3 
Combined Viscosity ASTM D871-56 Free Acidity Dielectric Strength D.149-59 
- pee Acetic Acid Ball Fall : ——~_ as Acetic Acid pe ag 0% R.H., 25°C voits/mil 390 370 
wt % S 4s Poise wt % g/sqe ‘ange 50% R.H., 25°C volts/mil 350 360 
2 aenees ai 95% R.H., 25°C volts/mil 320 340 
Acetate Volume Resistivity 0.257-58 
0% R.H., 25°C ohm-cm 10" 10“ 
Plastic Grade 50% R.H., 25°C ohm-cm. 10” 10” 
HM-70 54.7+0.4 26+5(a) 98+20 0.005 max 10-20 240-260 95% R.H., 25°C ohm-cm. 10" 10 
| HM-120 54.7+0.4 §2+7(a) 199+27 0.004max 10-20 240-260 Dielectric Constant D-150-59T 
HL-60 54.7+0.4 17+4(a) 64+14 0.005 max 15-25 240-260 1 kilocycle, at 
HL-120 54.7+0.4 43+6(a) 164+17 0.005max 15-25 240-260 0% R.H., 25°C 44 44 
Premium Grade 50% R.H., 25°C 5.2 5.1 
7 - 95% R.H., 25°C 7.5 7.9 
HLFS-60 54.7+0.4 17+4(a) 64+14 0.007 max 10004 240-260 1 megacycie, st 
HLFS-85 54.7+0.4 30+4(a) 115+15 0.005 max 1000+ 240-260 0% R.H., 25°C 3.8 3.8 
Triacetate 50% R.H., 25°C 45 43 
RB-95 61.75+0.25 51+6(b) 25+3 0.010 max 25-55 290-310 95% R.H., 25°C 65 6.5 
KL-175 G0.40+0.40 85+9(b) 41+5 0.010 max 25-55 290-310 Power Factor D-150-59T 
Propionate 1 kilocycle, at 
PLFS-130 65.5+0.5(c) 24+5(2) 90+20 0.003max — 205-225 oun toe aoe a. oo 
PLFS-70 65.5+0.5(c) 10+3(a) 38+12 0.003 max ~ 205-225 95% RH. 25°C 042 032 
i 1 megacycie, at 
0% R.H., 25°C 038 041 
50% R.H., 25°C 048 055 
95% R.H., 25°C 050 .055 
Arc Resistance D-495-58T 
50% R.H., 25°C 175 61 














Celanese cellulose esters are supplied in various grades for 

applications ranging from spinning textile yarns to coatings, sheeting, 

film and molding compounds for injection and extrusion. 

. 20% solution in 90/10 acetone/ethanol, 3/32 inch stainless steel ball. 

. 10% solution in 91/9 methylene chloride/methanol, 1/16 inch aluminum ball. 


. Total saponified as propionic acid. Average moles per glucose unit, 
2.35 propionate, 0.40 acetate, 0.25 hydroxy. 





. Celanese standard method, amount cellulose acetate filtered thru 
SHOE HEELS HAND MIXER standard filter to plug (drip point) under constant pressure. 








CPlincsce POLYESTER...REs1ns 


Celanese polyester resins are thermosetting liquids; 100-percent polymerizable 
which do not liberate volatile by-products during cure. The Marco series of base resins are available in blen: 
with styrene, vinyl toluene, methyl methacrylate or diallyl phthalate monomers in a range of varying 
viscosities. These resins can be readily cured at room or elevated temperatures employing peroxide type catalysts 
at moderate to contact pressure. ¢ The simple fabricating techniques required by Celanese polyester resins, 
combined with the outstanding properties of the end products, such as high strength, light weight, 
resistance to moisture, excellent weathering and chemical resistance, have led to their use in many items in the 


industrial, construction, transportation and decorative fields. 





Suggested 
Resin Viscosity Fabrication 
Number Type at 77°F.,cp. Promoted* Process 


500-700 no 


Comments 


MR-28C Recommended for radome and aircraft parts 
MIL-R-7575A certified. (Cures tack free in air.) 


For use in corrugated sheet and other outdoor 


General purpose 
styrene, rigid 


General purpose 


Casting, vacuum bag, hand 
layup, compression molding 
Room or elevated 


MR-38RL 2,000-2,500 no 


MR-42R 
MR-40R 
MR-37CX 
MR-455 


MR-360 
MR-480 


MX-511 


Styrene, rigid light 
stabilized 

Resilient 

styrene 

Rigid, styrene, high 
heat distortion 
Rigid, styrene 


Rigid, styrene 


Rigid, styrene 
Resilient, styrene 


Flexible, styrene 


2,000-2,500 
2,000-2,500 
500-700 

Thixotropic 


Thixotropic 
Thixotropic 


350-500 


temperature molding 


Premix and preform 
molding 

Premix and preform 
molding 

Hand layup, room 
temperature curing 
Hand layup, room 
temperature curing 


Resin-fiber depositing systems 


Hand layup, room 
temperature curing 
For blending with 
rigid and resilient 
resins 


weathering applications. 


Molded parts exhibit good hot strength and 
excellent resistance to cracking and crazing. 
Recommended for those applications requiring 
the ultimate in heat resistance. 

Cures tack free when exposed to air. Boat 
covering, tank lining. 

Boat fabrication. Offers fast gel and cure 
characteristics. 

Developed for dual nozzie resin fiber systems. 
Formulated for fast gel and rapid cure cycles. 
ideal for boat fabrication. 

Characterized by extreme toughness and impact 
strength over a wide temp. range. ideal for 
automotive body kits, gel coat formulation, etc. 


MR-3144 500-700 no 
MR-449 150-300 


*Promoted for use with MEK peroxide for room temperature curing. 


Casting of clay 
pipe joints 


Flexible. styrene soe formulated for the casting of joints 


for vitrified clay pipe. 











AUTO HEATER HOUSING 


NTAINER 


—, 


FISHING RODS AND GOLF CLUBS 


To the best of our knowledge the information contained herein is accurate. However, neither Celanese Corporation of America nor 
any of its affiliates assumes any liability whatsoever for the accuracy or completeness of the information contained herein. Final 
determination of the suitability of any information or material for the use contemplated, the manner of use and whether there is any 


infringement of patents is the sole responsibility of the user. 


A DIVISION OF CELANESE CORPORATION OF AME ICA 
CHEIUANTESIE POLYMER COMPANY 522 FIFTH AVENUE, NEW YORK 36, N. ¥Y. 


. Export Sales: Amcel Co., inc., and Pan Amcel Co., Inc., 522 Fifth Avenue, New York 36 N Y. 


Celonese® fFortifiex® forticel® Marco® 










PROPERTY AND UNIT 
Tensile strength, 73°F. PSI 
Ultimate elongation, 73°F. % 
Modulus of elasticity, 73°F: PSI 
impact strength, Izod, 73°F. FT. LB/IN. 
Flexural strength, 73°F. PS! 
Flexural modulus 
Hardness, Shore 
Linear coefficient of expansion, *F. 
Specific heat, CAL./G./*F. 
Deformation under load, 73°F. 2000 PSi, % 
Heat-distortion temperature, 264 PSI, °F. 
66 PSi, °F. 
Dielectric strength, short-time, V/MIL 
step-by-step, V/MIL 
Volume resistivity, OHM-CM 
Dielectric constant, 60 cycles 
10? cycles 
10* cycies 
Power factor, 60 cycles 
10? cycles 
; 10* cycles 
Melting point, *F. 
Water sorption, % 
Specific gravity 
Clarity 


Test 
Method 


0638 
0638 
0638 
0256 
0790 
D790 
D-1706 
0696 


0621 
D648 
0648 
0148 
0149 
0257 
D150 
D150 
D150 
D150 
D150 
D150 
D789 
D570 
D792 





PROPERTIES CHART 


800 
Series 


3,850-6,500 
400 
30,000 
> 16 


0.4 x 10° 
0-50-60 


0.40 
6.20 


129 
342 
244 
1.5x 10" 
9.3 
7.7 
4.0 
0.19 
0.13 
0.08 
284-298 
9.5 
1.09 
transparent 





1100 
Series 


8,500 
100 
185,000 
3.5 


1.51 x 10° 


0.00010 
0.58 
2.02 
118 
154 
425 


2x10" 
3.3 


0.03 
0.03 
0.02 
367 
0.4 
1.04 


translucent 





A inquiries invited 








*66-01 
10,200 
80 


350,000 
1.0 


2.9 x 10° 
D-87 


0.39 
174 
410 
380 
340 
4.2 x 10" 
4.0 
3.8 
3.4 
0.015 
0.02 
0.04 
487-493 
0.9 
1.14 

































0.12 
> 518 


495 
410 
5.2 x 108 

4.0 
3.8 
3.4 
0.017 
0.020 
0.022 


11 

1,32 
translucent 
to opaque 


BELDING CHEMICAL B C I INDUSTRIES - 1407 Broadway, New York 18, New York 






BUILDING 
CONTINUOUSLY 











THAT 





A full line of modern thermoplastics is one of the ten major services offered by the 
Grace Service Plan. You get expert assistance in selecting from a range of versa- 
tile materials: high density polyethylene, low and medium density polyethylene, 
polystyrenes, and special compounds such as flame retardant and electrical 
insulating materials. And now we offer you Moplen* polypropylenes to help you 
decide on just the right plastic to do the right job. It costs no more to call for that 
extra touch of Grace. 
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POLYETHYLENES 





Grace offers a full range of high, medium and low density polyethylenes . . . general purpose 
resins and special resins and compounds. The most important applications of Grace poly- 
ethylenes are in the areas of injection molding, blow molding, and extrusion. 


BLOW MOLDING: Blow molded bottles for liquid detergents, bleaches and other household 
chemicals, pharmaceutical containers, squeeze bottles. 


INJECTION MOLDING: Housewares, toys, appliance and industrial parts; flame-retardant 


high density polyethylene for special applications; materials handling devices, such as tote 
boxes. 


EXTRUSION: Wire covering and cable jacketing; pipe and tubing; film and sheet applica- 
tions; monofilament grade resin uses. 


And Grace offers other polyethylene grades and formulations . .. such as specialty resins for 


paper coatings and other coverings. You are sure to find what you need in the complete 
Grace polyethylene line. 


POLYSTYRENES 





Grace polystyrenes include general purpose resins, rubber modified compounds, and graft 
polymers. Some examples include general purpose crystal for easy and medium flow for thin- 
wall parts; heat resistant crystal for housewares; modified medium impact compounds for 
packaging applications; modified high and high-medium impact compounds for housewares, 
industrial goods. Also available are sheet extrusion grades for vacuum formed packaging, 


and high and extra high impact strength graft polymers for such applications as appliance 
parts, housings. 


POLYPROPYLENES 








Grace now offers Moplen”* polypropylenes — newest polyolefin on the market. Grades and 
applications include injection molding resins for housewares, appliance housings, automotive 
parts; film grade resins for packaging and electrical insulation; electrical grade resins for wire 
and cable covering; extrusion grade resins for pipe and sheet; filament grade resins for con- 
sumer and industrial textiles, marine rope, and automobile seat covers. 


Your Grace representative has all the technical details on the Grace product line. And don’t 
forget to ask him how the Grace Service Pian can help augment your own organization in 
these other important service areas: market research, product design, mold design, market 
development, technical service, product and industry information, financial counseling, deliv- 
ery and merchandising. Find out how to put that extra touch of Grace to work for you. 


RR G R £X C E s& ¢ ©O POLYMER CHEMICALS DIVISION, CLIFTON, N. J. [Grace] 


REX® POLYETHYLENES - GRACE POLYSTYRENES - MOPLEN* POLYPROPYLENES - *mowrecarin: TRADEMARK PLASTICS 
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From Morningstar- Paisley 


« MORPASOLS, new faster-fusing vi 
plastisols developed by Morningstar 
Paisley, can revolutionize your prog 
ess, save you time and mong 
« MORPASOLS give you uniform cuf 
in less time with lower heat. 
accompanying curves show hé@ 
MORPASOLS and conventional 
dispersions compare in time and 
requirements. « Using MORPASOL 
“hot spot-cold spot’ oven conditior 
can be overcome and more uniform 
curing obtained. § 


FASTER-FUSING 


Plastisol applications, previously . : 
feasible because of the high fusing 
temperatures required, can now be 
considered. You can improve phy: cal 
characteristics, cut rejects and boost 
your production rate. = Man 1c 
turers of automotive filters, sewer- 
pipe gaskets, coated-wire products, 
vinyl to fabric laminates and others 
are using M-P MORPASOLS wih 
amazing results. # Tell us about your 
specific application and problem. Our 
field service men will do the rest 


a 


i. 


PLASTISOLS 


Member of Vinyl Dispersions Association S. P. I. 


MORNINGS TAR-PAISLEY, it 


@) 630 WEST Sist STREET, NEW YORK 19, N.Y: 
: w/) Adhesives / Starches / Gums / Specialty Chemicals 











Gering Quality 
Molding Compounds 
Answer Your Demands... 


¢ for the fullest color range with uniformity from batch to batch « for 
exact physical properties that improve production by fewer rejects 
and faster molding cycles ¢ for money-saving, quality-formulated 
polyethylene, polypropylene, vinyl, polystyrene, styrene copolymers, 


acetate, nylon, acrylic 


PLASTICS 


Division of STUDEBAKER-PACKARD CORP., Kenilworth, N. J. * Cable Address: GERING, Kenilworth, N. J. 
Teletypewriter: TWX Cranford, N. J. 137 * Sales Offices: 5143 W. Diversey Ave., Chicago 39, Ill. + 1115 
Larchwood Rd., Mansfield, Ohio * 103 Holden St., Holden, Mass. * 1855 Industrial St., Los Angeles, Calif 
426 Los Nifios Way, Los Altos, Calif. + P.O. Box 963, Minneapolis 40, Minn. + 2141 Sunnyside Pl., Sarasota, Fla. 











MIA) PVC RESINS 


Escambia offers a complete line of outstanding PVC resins, including the following major categories: 


ESCAMBIA PVC PEARLS ~ Large, uniform particle size 
and complete freedom from fines characterizes this 
radically new type of homopolymer, which offers unu- 
sual processing advantages for certain applications. 
ESCAMBIA DRY BLEND PVC RESINS Escambia has 
pioneered in the development of money-saving dry 
blends and dry blend production techniques which 
produce both rigid and flexible items of superior 
quality at a substantial savings to the processor. 


ESCAMBIA GENERAL PURPOSE PYC RESINS Available in 
a wide range of molecular weights (including the new, 
very low molecular weight resins with superior flow 
characteristics), this series offers you many profitable 
advantages. 

ESCAMBIA ELECTRICAL GRADE PVC RESINS FOUR UL 
approved Electrical Grade resins in this series give you 
a full range of molecular weights to fit any type of 
electrical application. 


INCREASE YOUR PROFITS WITH THESE SUPERIOR QUALITY ESCAMBIA PVC RESINS 


















































is Ml O00 SERIE 2000 SERIES 3000 SERIES 
PHYSICAL PROPERTIES OF RESIN fi2so~ | 1225* | 1200* | 1185*} 1160 $2250 |2225 | 2200 | 2185 |2160 }|2150 $3250 | 3225 | 3200 | 3185 | 3160 
Average Relative Viscosity . if 
(1% Solution Cyclohexanone at 25°C)# 2.40 2.25 2.03 1.85 1.60 2.40 2.25 2.03 1.85 1.60 1.50 2.40 2.25 2.03 1.85 1.60 
Specific Gravity 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 
Average Bulk Density (ibs./Cuw. ft.) 31.5 33.5 35.0 39.0 41.0 29 32 33.5 35 39 35 26 | 27 t 24 23 22 
Through 40 Mesh Screen Through 20 Mesh Screen Through 20 Mesh Screen 
Particle Size (Wet Screen Analysis) 100% | 100% [100% |100% [100% §100% [100% |100% [100% [100% [100% §100% |100% {100% | 100% | 100% 
Oil Absorption, Minimum (M1-DOP/g | 
of Resin based on ASTM Method) — -- — — _ 1.25 | 1.25 1.25 1.25 | 12 
Form White | White |White |White | White BWhite [White |White | White |White [White BWhite | White White | White | White 
a Powder Powder Powder Powder Powder Beads [Beads |Beads | Beads [Beads [Beads §Beads | Beads |Beads | Beads | Beads) 
PHYSICAL PROPERTIES OF COMPOUND | 
(TOO Parts Resin — 50 Parts DOP) r _—s Se ae —— 
Tensile Strength (PS!) 2960 | 2750 | 2670 | 2140 | 1420 §2820 (|2820 | 2500 | 2190 | 1550 [1400 § 2890 2790 | 2630 | 2170 | 1570 
100% Modulus (PS! 1940 1920 1870 1350 1160 1790 1540 | 1500 1400 1240 1150 1860 1730 1690 1370 | 1220 
Uitimate Elongation (% 340 300 280 270 166 350 400 | 400 390 167 150 345 375 380 390 180 
Shore A Hardness 8823 | 8623 [83-3 |80>3 | 7923 98623 lea3 |s2=3 83+3 |7923 |77+3 98723 |86+3 84+3 | 80+3 | 792 























*These resins available in UL-approved Electrical Grades. 


NOTICE 


At the time this publication went to press Escambia was 
completing final testing of a unique type of PVC processing 
possible only with Escambia PVC Pearls. For complete infor- 


mation on this radically 


new 


development, contact your 


Escambia sales representative or write direct to the address 
shown below. 


RESEARCH... 


TECHNICAL 
SERVICE... 


PILOT 
PLANT... 


Escambia’s Research Center, located at Wilton, 
Conn., ranks among the most modern and best 
equipped in the industry. Escambia’s technical 
staff is available to help its customers develop 
profitable improvements in products and processes. 


For more detailed information on Escambia resins, research 
facilities; or technical services, contact Department E 
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ESCAMBIA 


CHEMICAL CORPORATION 


261 Madison Avenue 
New York Telephone 


New York 16 N.Y. 
OXford ’-4315 


* a trade mark of Escambia Chemical Corpo: ation 
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New Brunswick Gold Crown seating for bowl- 
ing lanes—stays looking new years longer, 
yet requires practically no maintenance— 
thanks to Pittsburgh SELecTRON Resins. 


How Brunswick builds ‘‘extra mileage”’ 
into bowling lane seating with 


PITTSBURGH 


®@ Bowling lane seats take constant abuse... probably 
get more wear than any other type of seating. 


@ That is why Brunswick has turned to Pittsburgh 
SELECTRON Resins and CONTROLLED COLOR concen- 
trates, reinforced with fiber glass. 


@Among the practical advantages of SELECTRON 
which keep many kinds of seating new-looking 
longer—with almost no maintenance—are: 


1. Exceptional strength with low weight 
2. Resistance to impact and abrasion 
3. Amazing stability 

4. Colors that never fade 


®@ You can probably benefit from the use of Pittsburgh 
SELECTRON Resins, too. Because of their unusual 


PITTSBURGH 


utility, these versatile polyester resins, combined 
with suitable fillers, offer endless possibilities for 
new building and decorating materials. 


@ These new materials are tighter than aluminum, 
yet—weight for weight—are stronger than steel. 
They withstand deterioration from sunlight, weather, 
intense heat or cold, mildew, rot and most chemicals. 
They can be molded in durable colors. And they’re 
economical to use, often costing only half as much 
as conventional materials. 


@ investigate the advantage of SELECTRON for your 
products. We'll gladly have one of our engineers 
discuss your problems with you. Wire, write or 
phone Pittsburgh Plate Glass Company, SELECTRON 
Products, 1 Gateway Center, Pittsburgh 22, Pa. 


eleation 


PAINTS « GLASS * CHEMICALS « BRUSHES « PLASTICS « FIBER GLASS 


PITTSBURGH 


ee. UR 


GLASS COMPANY 


IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 





Raw Materials 
for the Plastics Industry 


“ MUEHLSTEIN << 


REGIONAL OFFICES: Akron «+ Bostor f ; Angeles « Toronto « London « Hamt 


PLANTS & WAREHOUSES: Akron « Boston « ( 1g Detroit « Indianapolis « Jersey City «| 


11 OTHER U.S. DISTRIBUTION CENTERS ¢ AGENTS IN 35 COUNTRIES 













BAKELITE 


e POLYETHYLENE 

e VINYL 

e STYRENE 

e PHENOLIC 

e EPOXY 

e POLYPROPYLENE 


1962 MATERIALS AND DATA GUIDE 


Ui ited 
CARBIDE 









































































BAKELITE: Polyethylene + Vinyl - 


Polystyrene + Polypropylene Resins for EXTRUSION 


Union Carbide Plastics Company offers the 
fabricator a wide selection of resins and 
compounds for extrusion applications, pro- 
viding an extremely broad range of valuable 
properties. BAKELITE Brand extrusion ma- 
terials present outstanding performance 
records, with superior toughness and en- 
durance capabilities combined with un- 
usually good surface qualities. These fea- 
tures can lead the way to ideas for new 
or improved products. 


VINYL Resins — BAKELITE vinyl extrusion 
materials are self-extinguishing as well as 
resistant to most acids, alkalies, water, oils, 
and chemicals. They are available in a wide 
range of colors, either transparent or 
Opaque. High dielectric strength makes 
these extrusion materials useful as elec- 
trical jacketing or primary insulation for 
appliances, building hook-up, and instru- 
ment wire. Because they are extremely 
tough and abrasion resistant, BAKELITE 
vinyls are well suited for applications such 
as waterstops, gasketing, belting, pipe, 
monofilaments, and other extruded profiles. 


POLYETHYLENE Resins — BAKELITE poly. 
ethylenes, available in a wide range of den. 
sities, demonstrate outstanding electricaj 
properties in the wire and cable field. At 
50 megacycles and 25 deg. C., the power 
factor is only 0.0005; dielectric constant, 
only 2.35. Reduced wall thicknesses, pos- 
sible with polyethylene — particularly with 
high-density compounds, help reduce over- 
all size of multi-conductor cables. These 
materials stay tough and flexible and re. 
tain their electrical properties down to —70 
deg. C., and resist abrasion, water, corro- 
sive atmospheres, acids, and alkalies. 


Union Carbide Plastics Company—the only 
producer of polyethyelene pipe materials 
of each density classification (low, medium, 
and high)—offers the fabricator the widest 
available selection of pipe materials. These 
materials carry the National Sanitation 
Foundation Seal of Approval. These poly- 
ethylene pipe compounds feature excep- 
tional burst strength characteristics, corro- 
sion resistance, low temperature properties, 
light weight, and non-build-up characteris- 
tics when subjected to hard water. Low ma- 


GENERAL PROPERTIES—Extrusion 

















PROPERTIES VINYL POLYETHYLENE POLYSTYRENE 
Specific Gravity 1.20 - 1.45 92 - .%6 1.02 - 1.08 
Tensile Strength, psi 1,100 - 4,000 1,300 - 4,200 3,200 - 8,000 
Ultimate Elongation, % 160 - 330 50 - 600 2.2 - 40 
Brittle Temperature (50% non-failure), °F —58-+14 —148 - —76 - 
Flexural Strength, psi _ _ 13,000 - No break 
Flexural Yield, psi -- = 6,500 - 8,000 
Stiffness in Torsion, (at 23°C), psi 560 - 6,000 1,800 - 100,000 _ 

(Apparent Mod. of Elast.) 
Mod. of Elast., psi x 105 _ — 3.2-45 
Hardness 
Durometer Shore Type “A” - 95 _ - 
Durometer “D” _ 46 - 63 = 
Rockwell “L” _ _ 45 - 84 

Heat Distortion Temp. °F — 194 - 266 175 - 190 

Deformation (@ 120°C), % 15 - 30 _ - 

Dissipation Factor, (@ 23°C, 50 Mc/sec.) 07 .0005 - .005 001 - .0015 

Dielectric Constant 

(@ 23°C, 50 Mc/sec.) 2.9-3.1 2.50 - 2.7 2.5 - 2.65 
(@ 23°C, 60 Mc/sec.) 4-9 — _ 
Dielectric Strength (short time), volts/mil. 400 - 500 500 - 580 400 - 500 

.125” specimen 

Volume Resistivity (@ 15.5°C), megohm-cm x 10% 2.5- 5.7 — - 

Insulation Resistance Constant (@ 15.5°C), 730 - 10,500 - — 

megohms/ 1,000 ft. 

Typical aia anes aaa es Spline, gasketing ” Wire and cable Vacuum forming, 
belting, tubing, insulation and monofilaments. 
cable jacketing, jacketing, pipe, 
primary insulation. | tape, profiles. 






























terial cost and ease of installation have made 
polyethylene pipe highly desirable for indus- 
trial and farm applications as well as exterior 
home uses. BAKELITE polyethylene is com- 
monly used for cold water supply, jet well 
piping, live-stock water supply, irrigation, 
and lawn sprinkler systems. 


High-density polyethylenes may also be con- 
tour extruded to make sheets for vacuum 
forming. Increased rigidity and toughness 
make these high-density compounds excel- 
lent for formed applications. 


A new BAKELITE cellular polyethylene ex- 
trusion compound, with a dielectric con- 
stant and power factor considerably lower 
than solid polyethylene, has recently been 
introduced and is expected to replace the 
solid formulation as insulation for telephone 
singles. It is being used in automobile lead- 
in coaxial and UHF twin-lead antenna wire. 


A recently developed BAKELITE polyethyl- 
ene, a semi-conductive compound, is being 
used in military cable as internal shielding 
where high conductivity is desirable. 


A third extrusion innovation by Union Car- 
bide Plastics Company is a vulcanized or 
cross-linked polyethylene compound with 
thermal properties superior to those of con- 
ventional materials such as standard poly- 
ethylene, rubber, or neoprene. This new 
compound is expected to find use in line 
wire and low-voltage power cable. 


POLYSTYRENE Resins—BAKELITE polysty- 
renes can readily be extruded in the form of 
contours or sheets for thermoforming. 
These extruded shapes have long-lived re- 
silience, resistance to chemicals, soap and 
water, and are available in a wide range of 
colors. The excellent strength, rigidity, and 
elongation characteristics of impact poly- 
styrene extruded sheets, with their excellent 
surface appearance, permit the forming of 
intricately designed products as well as 
those requiring deep draws. The excellent 
extrusion properties of these materials 
make possible the maintenance of a uniform 
cross section in extruded sheets—essential 
for uniform heating in subsequent vacuum- 
forming operations. Typical uses include 
containers and lids, refrigerator and freezer 
door liners, display panels, novelties, toys 
and numerous thermoformed products. 


POLYPROPYLENE Resins— BAKELITE poly- 
propylene may be readily extruded into a 
variety of shapes such as monofilaments, 
sheets and tubes. Polypropylene is the most 
heat resistant and rigid of the polyolefins. 
It is also the lowest in specific gravity and 
is the most resistant to stress cracking. 
Extruded sheets are particularly adaptable 
to thermoforming operations. 


Highly oriented polypropylene monofila- 
ments are strong, tough and chemically 
resistant. They may be used for making 
rope, outdoor furniture, auto seat covers, 
and heavy-duty brush bristles. 


The superior toughness of semi-rigid 
viny! jacketing and low-loss behavior 
of cellular polyethylene insulation 
provide a lead-in coaxial cable whose 
capacitance is kept to a very close 
tolerance. 





BAKELITE’ Phenolic - Epoxy Resins for BONDING AND LAMINATING 


BAKELITE Brand phenolic and epoxy resins 
offer the designer and fabricator a wide 
range of very desirable properties that can 
be used in a broad scope of bonding and 
laminating applications. 


PHENOLIC Resins—Laminated phenolics— 
both industrial and decorative—offer valu- 
able production and merchandising advan- 
tages. Often they provide distinct styling, 


improved efficiency, and production econ- 
omy. As a bonding agent for thermal and 
acoustical insulation, foundry shell molds, 
grinding wheels and coated abrasives, and 
brake linings, BAKELITE phenolic resins 
offer excellent mechanical and electrical 
properties, and extreme versatility. 


EPOXY Resins—Major markets for epoxy 
resins are tooling, electrical encapsulation, 


filament winding, resurfacing of highways, 
industrial flooring, and reinforced plastics. 
Such a breadth of application can stem only 
from a material with outstanding properties 
that include excellent chemical resistance, 
outstanding electrical properties, high me. 
chanical strengths, superior adhesion, low 
shrinkage, room temperature cure, compati- 
bility with modifying materials, and long 
lasting toughness. 


BAKELITE’ Phenolic - Epoxy - Vinyl Resins for ADHESIVES 


Investigate the widest variety of resins for 
adhesives available from one supplier. Ad- 
hesive formulations based on BAKELITE 
Brand phenolic, epoxy, and vinyl resins 
may be used to bond wood, metals, glass, 
leather, textiles, paper, and concrete. 


PHENOLIC adhesive resins are economi- 
cal and provide extremely good bonds. 
They can be used to create adhesives that 
are highly resistant to fungus and moisture. 
Combined with BAKELITE vinyl butyral coat- 
ing resin, phenolics may be formulated into 


an adhesive for bonding metal to wood. Com- 
binations of neoprene and phenolic are use- 
ful in applications such as gluing shoe soles 
and automobile weatherstripping. 


EPOXY resins are probably the most dra- 
matic adhesives in terms of bond strength. 
Just consider their use in the structural 
bonding of aircraft components. Further- 
more, they are resistant to water, most 
chemicals, and thermal shock. They may 
also be used to bond textiles, ceramics, and 
rubber, as well as the items listed above. 


VINYL resins include a wide range of types 
used to formulate a number of adhesives. 
Vinyl! chloride-acetate and vinyl acetate 
resins, for example, may be applied from 
solvent solution or as hot melt to paper, 
cloth, cellophane, vinyl copolymer film, and 
other nonstructural substrates. The excel- 
lent adhesive qualities of vinyl butyral resin 
make it important for bonding rubber, cork, 
asbestos board, wood, glass or ceramic 
parts, cloth, paper, and metals to plastics of 
the thermosetting type. Vinyl acetate resins 
produce quick-bonding adhesives. 





BAKELITE? Vinyl - Phenolic - Epoxy Resins for SURFACE COATINGS : 


For those who must consider the use of 
surface coatings on structures and manu- 
factured products, coatings based on 
BAKELITE Brand plastics offer serviceability, 
economy, attractive appearance, increased 
protection, and decreased maintenance 
costs. Union Carbide Plastics Company 
offers an extensive variety and range of 
coating materials including BAKELITE phe- 
nolic, vinyland epoxy resins and compounds. 
From these plastics, coatings and finishes 
may be formulated for decorative or protec- 
tive applications, and for maintenance or 
construction purposes. Coatings made from 
BAKELITE resins may be applied through 
many processes, including dip, roller, brush, 
spray, knife, roll, trowel or extrusion coatings. 


PHENOLIC Resins—BAKELITE phenolic res- 
ins in coatings contribute durability, hard- 
ness, gloss, chemical resistance, toughness, 
and heat-, abrasion-, and moisture-resist- 
ance. Coatings based on these resins can be 
applied to a variety of surfaces and can be 
formulated to produce either air-drying or 
baking type finishes. Typical uses include 
maintenance coatings, varnishes, traffic and 
floor paints, and chemically resistant coat- 
ings. In the marine field phenolic based var- 
nishes are used as corrosion-resistant 
primers and topcoats for steel ship decks, 
hulls, and superstructures, as well as clear, 
durable finishes for yachts. One of the major 
uses of phenolic coatings is in the structural 
and architectural field where coatings and 
finishes are applied as protective under- 


Viny! solution coatings, such as this 
continuous roof coating, provide the 
weatherability, adhesion, and beauty 
for architectural applications. 


Strength and non-corrosion of alu- 
minum combined with the durability 
and moisture-resistance of vinyl 
plastics provide house siding which 
affords maximum protection 


water and above-water coatings for locks 
and dams, as protective coatings for bridges, 
storage tanks, and other steelwork, and as 
corrosion-resistant finishes for magnesium 
and aluminum. 


EPOXY Resins—BAKELITE epoxy resins, 
formulated into air-drying or baking coat- 
ings, impart excellent adhesion, chemical 
resistance, and impact strength. These 
coatings, which may be sprayed, troweled, 
or brushed, are finding wide use in finishes 
for molded phenolic articles, metal coatings, 
floor varnishes, non-skid deck coatings, 
chemical-resistant coatings for tanks and 
drums, and coatings for missiles and rock- 
ets. In new applications, epoxy resins have 
been used for highway coatings as patching 
compounds, seal coats, and joint sealers. 


VINYL Resins—Coatings based on BAKELITE 
vinyl resins are tough, durable, and highly 
water- and weather-resistant. Formulated by 
the solution or dispersion techniques, these 
vinyl based coatings can be applied to metal, 
paper, cloth, wood, and masonry. 


Solution coatings based on versatile vinyl 
chloride-acetate copolymer solution resins 
may be applied by spraying, roller-coating, 
dipping, and knife-coating providing finishes 
with low water vapor permeability, low water 
absorption, and excellent toughness and 
flexibility. Marine antifouling paints, ma- 
sonry finishes, metal coatings—such as lin- 
ings for beer cans, coatings for paper, card- 


Painted only four times in twenty years, this bridge has 
been protected by phenolic coatings which havc resisted 
extreme weathering and salt-air corrosion 


board and foil, and maintenance and 
sanitary coatings are among the principal 
applications for solution coatings finishes. 
They canaslo be used for strippable coatings. 


Value, versatility, utility, and quality keynote 
coatings based on BAKELITE vinyl organisol 
and plastisol dispersion resins. They offer a 
very wide range of properties which enable 
“tailor-made” finishes to be applied. Vinyl 
dispersion coatings are characterized by ex- 
ceptional resistance to inorganic acids, alka- 
lies, oxidizing agents, and salt solutions at 
temperatures up to 200 deg. F. Oils, greases, 
aliphatic hydrocarbons, alcohols, or glycols 
will not dissolve these dispersions. Disper- 
sions based on vinyl resins can be applied 
by dipping, spreading, roller coating, or 
spraying, and may be used as coatings for a 
wide variety of surfaces: including metals, 
paper, fabric, and foil. 


Because of their excellent toughness, out- 
standing weatherability and durability, vinyl 
dispersion coatings are finding increasing 
usage in aluminum siding for homes and 
buildings. Available in many beautiful color 
combinations, these siding finishes won't 
crack, chip or peel, are inert to mildew 
attack, and are virtually maintenance-free. 
Because of their excellent resistance to stain- 
ing, sun, erosion, and chemical attack, these 
vinyl finishes can be expected to last two or 
three times longer than many traditional 
coatings. Vinyl protection at a lower material 
cost is virtually an unbeatable combination. 


These epoxy spray-on highway coatings are 
easy to apply and cure rapidly. They form a 
tough impervious seal against water, salt, 
chemicals, and other foreign substances 
































Durable and versatile, polyethylene can be ad- 
vantageously blow molded into many shapes 
and sizes for a vast number of applications. 
These items possess excellent toughness, good 
appearance, printability, and lasting quality. 
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for plications such as agitators, sterilizers, pumps, and 


The ability of high-impact polystyrene to §ij 
out long-flow, thin sections is demonstrated by 
this lightweight portable sewing machine case 
and attachment box. In addition to this excel- 
lent molding latitude, polystyrene offers ¢ 
high level of toughness with excellent gloss. 


dispensers requiring high impact-strength, ex- 


treme toughness, and superior resistance to mois- 
ture, soap and detergents at elevated temperatures. 
Service and economy, coupled with one of 
the largest selections of time-tested plastic 
materials—Union Carbide Plastics Company 
offers these as practical answers to design- 
ing with molded plastics. Through extensive 
product development programs, the Com- 
pany has produced many improved resins 
and compounds which serve to enhance 
product performance. Such materials in- 
clude extra high impact, self-extinguishing, 
and anti-static (dust-resistant) compounds. 


PHENOLIC Resins and Compounds— 
BAKELITE phenolic molding materials, the 
workhorse of the plastics industry for over 
half a century, offer a broad range of impact 
strengths, excellent serviceability, and heat 
and chemical resistance. Originally devel- 
oped by Union Carbide Plastics Company, 
phenolics are widely used in the electrical 
field and in areas where thermal and dimen- 
sional stability are important. Major uses 
include bottle caps and closures, telephone 
hand sets, washing machine agitators, appli- 
ance handles, and electrical wiring devices 


POLYETHYLENE Resins and Compounds— 
BAKELITE polyethylenes possess an exten- 
sive range of physical and fabrication prop- 
erties and are available in densities from 
0.914 to 0.960, as well as in modified copoly- 
mer formulations. As the density rises, the 
degree of stiffness increases. Excellent 
physical strength, attractive appearance, 
good chemical resistance, and ease of mold- 
ability make these polyethylenes ideal for 
numerous molding applications including: 
housewares, toys, bottle caps, detergent 
can spouts, containers, pipe fittings, squeez- 
able bottles and automative products. 


BAKELITE polyethylene copolymers offer 
high stress-cracking resistance, low temper- 
ature toughness, and increased flex life 
which make them especially suitable for de- 


tergent bottles, as well as housewares and 
blow molded toys. One BAKELITE polyethy!- 
ene copolymer is an anti-static compound 
which is of particular interest in houseware 
applications because of its ‘‘dust-free"’ 
character. It is highly desirable for molding 
hampers, cake keepers, and other house- 
wares because of its easy-to-clean feature. 


POLYSTYRENE Resins and Compounds— 
BAKELITE polystyrenes may be obtained in 
general purpose, medium, high, and extra 
high impact, and acrylonitrile copolymer for- 
mulations. 


General purpose polystyrene offers the mold- 
er a relatively low-cost material which is 
easy to mold. Providing excellent clarity and 
ease of colorability, it is used in the manu- 
facture of toys, housewares and containers. 


The impact polystyrenes are characterized 
by increased toughness and flexibility. They 
can be molded around metal inserts and re- 
inforcements without subsequent crazing or 
cracking. An unlimited selection of color is 
available, as well as materials which offer a 
very high degree of translucency. Because 
of the very wide range of properties, a broad 
area of application is open to these resins. 


Typical uses include radio and TV cabinets, 
refrigerator components, containers, cases 
for portable sewing machines and projec- 
tors, toys, and automotive duct work. 


The recently-introduced BAKELITE extra high 
impact polystyrenes are recommended for 
allapplicationsrequiringthe highest strength 
available in a rubber-modified polystyrene, 
as well as for applications which demand 
good retention of impact strength, flex life 
and elongation over an extended range of 
environmental temperatures. Typical appli- 
cations include appliance parts, toys, sport- 
ing goods equipment, and machine housings. 
Self extinguishing and anti-static (dust- 


resistant) polystyrenes are also available 
with special characteristics which permit the 
molding of improved products providing 
extra utility, better appearance, and in- 
creased toughness. 


BAKELITE C-11, styrene-acrylonitrile copoly- _ 
mer, has greater chemical resistance and 
higher tensile, flexural and impact strengths 
than unmodified materials. Its resistance to 
soaps, detergents, many foods, chemicals, 
and cosmetics is excellent. Because of this 
unique combination of properties, C-11 also 
gives the design engineer more freedom in 
using cost-saving techniques like molded-in 
inserts and self tapping screws. C-11 ma- 
terials are available in a variety of colors 
both transparent and opaque. Typical uses 
include tumblers, thermal-ware, cosmetic 
cases, fruit juice containers, food trays. 


VINYL Resins and Compounds—BAKELITE 
non-rigid vinyls are noted for their tough- 
ness, chemical resistance, durability, weath- 
ering resistance, lightweight, and gloss. 
They are particularly suited for injection 
molding. In the form of plastisols, vinyls can 
also be slush, dip or rotation molded into 
attractive and long-lasting products. Typical 
uses include gaskets, electrical plugs, toys, 
housewares, and distributor cap nipples. 


POLYPROPYLENE Resins and Compounds— 
Representing the newest addition to the 
family of BAKELITE polyolefins, polypropy- 
lene exhibits the highest temperature resist- 
ance and greatest rigidity of all the polyole- 
fins. It also has outstanding stress cracking 
resistance, and high gloss. As an injection 
and blow molding material, it is adaptable to 
thin-walled and intricately-shaped forms. - 
This lightest of all commercial plastics 's 
available in a wide range of colors. Typical 
uses include appliance housings, house 
wares, luggage, and detergent bottles. 





While effecting production econo- 
mies, C-11 copolymer also imparts 
the necessary chemical resistance 
and strength to this battery case. 


Housewares molded from BAKELITE plastics have 
excellent appearance and an extremely high de- 
gree of toughness. Special compounds include: 
anti-static materials which resist dust accumula- 
tion, flame-resistant materials, and copolymers 
for jow-stress-cracking characteristics. 


High-density polyethylene molding materials are 
tough and rigid, as demonstrated by this non- 
breakable toy tank. These compounds find wide 
applications for blow- and injection-molded items. 


Vinyl molding materials are selected 
for their ease of molding and smooth 
surface finish. They also make possi- 
bie the detailed design giving the 
holster its hand-tooled appearance. 











BAKELITE’ 
Polyethylene 

Vinyl 

Polypropylene 
Resins for 


FLEXIBLE 
PACKAGING 


Union Carbide Plastics Company is one of 
the largest producers of resins for plastic 
film. Films, made from BAKELITE Brand 
resins, are very useful for packaging and 
protecting thousands of items from small 
consumer goods to giant industrial products, 
single as well as multiple items, liquid or 
solid. Often, packagers will find the neces- 
sary protection for their products by using a 
BAKELITE extrusion coating materiai on foil, 
paper, corrugated board, or other substrate. 
The wide variety of resins available from 
Union Carbide Plastics Company allows the 
selection of materials almost ‘‘tailor-made”’ 
for a particular application. 


POLYETHYLENE Resins—Films extruded 
from BAKELITE polyethylene resins and com- 
pounds are widely used for flexible packag- 
ing as fabricated bags, pouches, wraps, skin 
packages, and liners. Polyethylene’s rapid 


expansion as a packaging material is due 
largely to the economy it offers to the pack- 
ager as well as its outstanding physical pro- 
perties and versatility of application. Be- 
cause polyethylene film is the lowest cost 
transparent film on the market, coupled with 
its many physical advantages, the interest of 
both end-product and machinery manufac- 
turers has been greatly stimulated. Com- 
mercially-proved, automatic overwrapping 
machinery is available which permits use of 
polyethylene film wrappers in such major 
packaging fields as bread, candy and con- 
sumer paper products. 


In comparison with other commonly used 
transparent films, polyethylene has unusual 
toughness. As evidenced by its increasing 
penetration into the frozen food field, poly- 
ethylene film retains its strength and flexi- 
bility even at sub-zero temperatures. It has 
excellent tear resistance and shelf life. It 


Leading candy producers have found that © 
automatic over-wrapping with polyethyl- 
ene film has greatly reduced wrapper 
breakage, curtailed costs and increased 
package sheif life for their products 


The skin packaging of industrial merchandise provides excellent product 
protection and identification, facilitated inventory control, reduction of main- 
tenance records, and greatly improved handling and shipping 


Large polyethylene bags and covers are widely 
used to package giant industrial items, such as 
these one-ton bundles of aluminum ingots. It offers 
low-cost protection from moisture and dust 


Low temperature impact strength is the key to the success of 
polyethylene film for packaging individually-quick-frozen fruits 
and vegetables. With these bags, part of the contents can be 
used while the remainder is replaced in the freezing unit. 








does not dry out, embrittle, split, or lose its 
strength after long periods of storage. Poly- 
ethylene film also blocks moisture penetra- 
tion—keeps dry products dry and minimizes 
weight loss in moist products. It has unusual 
chemical resistance, being affected only by 
a few chemicals, such as strong oxidizing 
agents. 


The fundamental properties of polyethylene 
film are supported by the sales appeal it 
lends to products packaged in it. Today's 
polyethylene film combines high clarity and 
sparkle with a unique soft texture and excel- 
lent printability. 


Polyethylene may also be applied advanta- 
geously to paper, paperboard, foil, films, 
and other substrates by extrusion coating. 
This polyethylene coating provides improved 
strength, moisture barrier properties, and 
heat sealability to the finished package. 


Multi-wall bags, milk containers, sugar 
pouches, bakery boxboard, liquid portion 
containers, frozen food cartons, cardboard 
or corrugated board for skin packaging, and 
powdered foods are among the present uses 
of polyethylene-coated substrates. 


VINYL Resins—KRENE Brand cast and calen- 
dered polyvinyl chloride-acetate vinyl films 
and films made from BAKELITE Brand vinyl 
resins have excellent clarity and are extreme- 
ly tough. They have found broad application 
in the packaging field. Because of this ease 
of application and its extremely good clarity, 
these films are often used to skin package 
toys, hardware items, housewares, garden 
products, and other commercial goods which 
may be sold from counter or rack displays. 
Information on the properties of these ma- 
terials is covered in the Film and Sheeting 
section of this guide. 


POLYPROPYLENE Resins—Films made from 
BAKELITE polypropylene have a high stiff- 
ness with exceptional clarity and are easily 
printed and sealed. The combination of these 
properties results in an ideal packaging ma- 
terial. Typical applications include overwrap 
for foods, clothing and other consumer 
items. Yield of polypropylene film is 31,000 
square inches per pound per mil of thick- 
ness. This is the highest yield of all packag- 
ing films. 


Extrusion coatings of polypropylene provide 
improved abrasion, heat and grease resist- 
ance, and serve as an excellent moisture 
barrier. End-use markets seen for polypro- 
pylene extrusion coatings include corru- 
gated boxboard, meat product wrappings, 
and multi-wall bags. 


Polyethylene film's soft, warm feel of freshness adds to the sales 
appeal of fresh baked goods. An excellent moisture barrier, it helps 
protect quality on the shelf and in the home. Polyethylene film also 
costs less than any other transparent packaging film 


A double polyethylene coating on these paper- 
foil envelopes assures maximum protection, a 
tight seal, and reduces damage to the package due 


to folding 


Improved product protection with a polyethylene 


The packaging of newspapers and magazines, 
In polyethylene film is providing superior pro- 
tection, ease of handling and stacking, and 
increased customer satisfaction 


coated transparent film package for pre-cooked 
sea food has won wide consumer acceptance. 


An economical polyethylene coating 
banishes leakage before freezing, 
and after thawing in this easy-open 
carton with superior barrier proper- 
ties and improved stackability. 















BAKELITE Brand vinyl plastics are one of the 
most versatile materiais in the hands of 
designers. They have provided the answer 
to innumerable product design problems, 
while greatly enhancing the attractiveness 
of many products. Union Carbide Plastics 
Company markets a complete line of viny/ 
resins for calendering and flooring prod- 
ucts, as well as KRENE Brand flexible vinyl 
film and sheeting materials and BAKELITE 
Brand rigid vinyl sheets. 


BAKELITE Brand VINYL RESINS — These 
vinyl resins are made by several techniques 
which provide a broad selection of materials 
and properties for a diversity of applications. 
For example, BAKELITE vinyl resins are 
used for the manufacture of many types of 
flooring, in tile or continuous roll form, 
fully resilient and semi-resilient types, as 
well as laminated constructions. These 
colorless resins are easily pigmented to 
provide unlimited color decoration and de- 
sign in flooring products. Flooring made 
from vinyl resins has excellent chemical 
and abrasion resistance, long wearing 
properties, and is easy to clean. 


Fabrics coated with vinyl resins are ex- 
tensively used as interior trim and up- 
holstery for automobiles, for shoes, hand- 
bags, wall coverings, home furnishings, and 
clothing outerwear. Unsupported vinyl co- 
polymer film and sheeting is widely used 
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for many decorative and protective applica- 
tions such as rainwear and shower curtains. 
Many resins have been specifically devel- 
oped for particular end-use in applications 
which provide improved product perform- 
ance and appearance. 


KRENE Brand CALENDERED FILM AND 
SHEETING—The quality of KRENE plasticized 
vinyl chloride film and sheeting has set the 
standard for the industry. It is produced in 
the widest variety of thicknesses, widths, 
colors, and flexibilities in ‘‘closed systems" 
to prevent contamination. KRENE vinyl film 
and sheeting offers uniformity of thickness, 
finish, color, and tear strength, superior 
toughness, easy ‘‘lay-up"’ and excellent 
sealability. 


KRENE calendered film and sheeting is used 
for such large markets as swimming pools 
and inflatable toys, for the familiar plastic 
rainwear, home draperies, furniture up- 
holstery, wall coverings, shower curtains, 
packaging applications, and tarpaulins. 


KRENE Brand CAST FILM—KRENE cast vinyl 
film has found its major outlet in the packag- 
ing field, both as a film for skin packaging 
and as a film laminated in combination with 
other substrates. Packages made from 
KRENE cast film help to increase sales by en- 


hancing product appearance and allowing 
for excellent rack or wall display. Its out- 
standing features include extreme clarity, 
toughness, and excellent moisture barrier 
properties. 


BAKELITE Brand RIGID SHEETS—Rigid vinyi 
copolymer sheets have proved outstanding 
in performance and economy. Although 
varying in certain respects to suit them for 
specific end-uses, BAKELITE rigid sheets 
give excellent printability and formability, 
good resistance to heat distortion, dimen- 
sional stability, chemical resistance, non- 
flammability, and freedom from odor. They 
can be readily formed, machined, drilled, 
trimmed and vacuum-formed into end prod- 
ucts. For light-diffusion shields in luminous 
ceilings, BAKELITE rigid vinyl sheeting has 
opened, up new design horizons to archi- 
tects, illuminating engineers, builders, in- 
terior designers, and decorators. Either vac- 
uum formed into modular panels of varied 
surface design, or in corrugated continuous 
rolls, these vinyl ceiling materials contribute 
functional beauty, as well as scientific light- 
ing to building interiors. 


Other important uses of BAKLEITE rigid 
vinyl sheets include book bindings, printer's 
electrotype molds, drawing templates, 
three-dimensional maps and display signs, 
printed calendars, credit and identification 
cards, and room dividers. 




























For home, office, laboratory, plant, gymnasium—flooring based on viny/ 
resins provides versatility in styling, long wearing service, lustrous colorful 
surfaces which are easy to clean, and tiling that is easy to install. 





GENERAL PROPERTIES — Vinyl Resins for Calendering and Flooring 



















Rigid viny! sheeting for both wall-to-wall ceilings and 
individual lighting fixtures provides a unique combina- 
tion of features for lighting units—uniform light trans- 
mission, versatility of design, light stability, low cost, 
and easy installation and maintenance. 


GENERAL PROPERTIES —KRENE”® Film and Sheeting 


For both permanent and portable swimming pools, KRENE 
vinyl sheeting is engineered for economical pool construc- 
tion. It is flexible, durable, and resistant to water-purifying 
chemicals, oil, grease, soaps and detergents. 





PROPERTIES 


Tensile Strength, psi. 
Ultimate Elongation, % 
Tear Strength, gm./mil. 
Flexural Strength, psi. 


Mod. of Elasticity, psi x 10° 

Impact Resistance, ft./sec. 

Stiffness, psi. 

Brittle Temperature, °F (50% non-failure) 





Hardness 
Durometer Shore Type “A’’ 
Durometer Shore Type “D” 


Dissipation Factor, 60, 10°, and 10® cycles/sec. 






Dielectric Constant, 60, 10°, 10° cycles/sec. 





Dielectric Strength (short time),/volts per mil. 


Volume Resistivity, ohm-cm 
Flammability 


Specific Gravity 










Water Absorption, % 
Gas Permeability, cc/100 sq. in./24 hr./mil > 
2 

C02 

Air 







Moisture Vapor Trans., gm./sq. meter/24 hrs. 
Specular Gloss (Gardner unit) 
So. Florida Weathering, hrs. 






Typical Uses 








—-} 











RIGID 
7,000- 9,000 


11,000 - 14,500 


43-51 
20 - 60* 
0- +5 


80 
.008, .013, .019 


PLASTICIZED 
CALENDERED 


of 





3.2, 3.1, 3.0 


335 - 425 
106 
Self-extinguishing 
1.35 - 160 


N.1- 11 


0-35 


Luminous ceilings, display 


signs, three dimensional 
vacuum-formed items, 
credit cards, room divid- 
ers, identification cards. 


*The high-impact rigid materials lie above the testing limit of the machine, greater than 74 ft/sec. 


Self-extinguishing 
1.22 - 1.34 


bills 


0-50 
500 - 2,000 
Inflatables, rainware, 
draperies, upholstery, 
tarpaulins, wall cover- 
ings, skin packaging, 





farm applications. 





CAST 
PLASTICIZED RIGID 
2,500 - 3,500 7,000 - 8,000 
150 - 200 150 - 300 
25 - 300 10 - 25 
1,200 - 15,000 270,000 
at. fj 48 
10° - .01 
10° - .02 

















1e-4 — 
10-3 
2,900 - 
Some self-extinguishing Self-extinguish ing 
1.21 - 1.29 1.36 
— ++ ————eeeEeEEe 
1-2 1-.2 
50 - 305 15 
10 - 65 2 
295 - 1,900 55 
30 - 150 5 
50-80 age We 





‘Skin packaging, furniture covers, oxygen 
tents, temporary storm window glazings, 
cheese aging bags. 
























































UNION 
CARBIDE 


TO OBTAIN ADDITIONAL INFORMATION ... 


and details on designing and fabricating with Bake ite® 


POLYETHYLENE + 
EPOXY « 


STYRENE 


PHENOLIC + VINYL 
POLYPROPYLENE 


we invite you to contact the Sales Office nearest you. Highly- 
trained Technical Representatives will be pleased to answer 


questions and supply precise technical information regarding © 


product improvements or economies that can be effected through 
the use of plastics. Their training enables them to evaluate the 
properties of our various resins and plastics for specified applica- 
tions, as well as to suggest methods and conditions of fabrication. 


SALES OFFICES 


Atlanta 3, Georgia 
Boston 94, Massachusetts 
Chicago 1, Illinois 
Cincinnati 6, Ohio 


Cleveland 14, Ohio 
Clifton, New Jersey 


Dallas 6, Texas 

Detroit 21, Michigan 
Greensboro, North Carolina 
Hartford 3, Connecticut 
Kansas City 41, Missouri 
Los Angeles 58, California 
Milwaukee 3, Wisconsin 
Minneapolis 24, Minnesota 
Moorestown, New Jersey 
New York 17, New York 
Rochester 18, New York. 
St. Louis 22, Missouri 

San Francisco 6, California 


IN CANADA 
Union Carbide Canada Limited 


57 Forsyth Street ... Jackson 3-2569 
300 First Ave., Needham Heights Hillcrest 4-5400 
230 North Michigan Avenue Financial 6-3300 
2330 Victory Parkway University 1-303§ 
3036, 3037, 3038 

1300 Lakeside Avenue, N.E. .Main 1-4202 
1051 Bloomfield Avenue Prescott 8-2900 or 
Oxford 5-1645 (N. Y. ex. no.) 

6300 N. Central Expressway Emerson 3-169] 
10421 W. Seven Mile Road Diamond 1-3131 
Room 814, Guilford Building Broadway 4-7696 
410 Asylum Street Jackson 5-3185 
910-912 Baltimore Avenue Baltimore 1-2400 
2770 Leonis Boulevard Ludlow 3-3061 
2040 West Wisconsin Avenue Division 4-7050 
4010 West 65th Street Walnut 7-8835 
Moorestown, N. J. Belmont 5-6200 
270 Park Avenue LL 1-2345 
3700 East Avenue Ludlow 6-3910 
122 North Kirkwood Road Yorktown 5-2440 
22 Battery Street Yukon 2-1360 


123 Eglinton Avenue, East « Toronto 12, Canada 


Outside Continental United States and Canada 
Plastics Department + Union Carbide International Company 
270 Park Avenue, New York 17, N. Y., U. S. A. ¢ Cable Address: BAKELITE, New York 


BAKELITE, KRENE, and UNION CARBIDE are registered 
trade marks of Union Carbide Corporation. 


UNION CARBIDE PLASTICS COMPANY 


Division of UNION CARBIDE CORPORATION 


270 Park Avenue, New York 17, New York 


Lithographed in U.S.A. 








: 
f 
t 
t 
| 
t 
| 
\ 
( 
( 
I 


applications... 


family 


For the most critical design 


the MYCALEX 


MYCALEX tube and transistor 
sockets: a line of precision- 
molded, glass-bonded mica and 
ceramoplastics for UHF, VHF, 
and similar high-reliability 
applications. 


SYNTHAMICA® synthetic mica: 

a fusion of silica, alumina, mag- 

nesia, and alkali fluorides . . . 

chemically pure, offering a wide 
range of superior properties for 
the most demanding dielectric 
applications. 
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SUPRAMICA® ceramoplastics: 
exclusive formulations of syn- 
thetic mica and special elec- 
trical- grade glasses. New — 
SUPRAMICA 620 “BB” ceramo- 
plastic for true high-tempera- 
ture hermetic seals (helium 
leakage less than 2 x 10-'° after 





severe environmental tests). 
MYCALEX® glass-bonded mica: 
quality natural mica and 
electrical-grade glasses. Offer 
high dielectric strength, high 
¢ resistance, high-tempera- 
lure capabilities. 
Both formulations offer total 


dimensional stability in preci- 
sion-molded and precision-fab- 


MYCALEX commutation switches 
and plates: high-reliability, 
miniaturized electromechanical 
devices for missiles, multiplex- 
ing, telemetering, timing, time- 
division and control switching. 
Now up to 540 contacts on a 3” 


0.D. plate! 


or new 36-page catalog . . . technical assistance . . . write or phone: 


General Offices and Plant: 125G Clifton Boulevard, Clifton, N. J. 


Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y 


argest manufacturer of ceramoplastics, glass-bonded mica and synthetic mica products 


CORPORATION OF AMERICA 











Recent Developments 


Resins and molding compounds 


Since the publication of last 
year’s Encyclopedia, much has 
happened in the plastics industry 
material-wise and application- 
wise. It would be impossible to 
fully list on these pages the entire 
scope of the industry’s activities. 
The capsule digest below, consist- 
ing of some of the more important 
news items announced during the 
year can serve, however, as a 
quick guide to what has been 
happening here and abroad. 


Some new entries 

@ By combining chlorinated poly- 
ethylene with rigid PVC (Hostalit 
Z, Farbwerke Hoechst A.G.), a 
new material has been developed 
with better low-temperature im- 
pact strength and better process- 
ability than straight rigid poly- 
vinyl chlorides. The resin is 
supplied in three grades of hard- 
ness—“hard/high impact-resist- 
ant,” “intermediate hard,” and 
“soft, flexible”--depending on the 
quantity of chlorinated polyethyl- 
ene in the blend. The material 
has been successfully used in 
high-pressure pipe; other applica- 
tions already commercial or under 
evaluation include: curtain rods, 
building panels,. hinges, gutters, 
downspouts, traffic signs, and gar- 
den furniture. 

@ New resins (Buton, Enjay Co., 
Inc.,) based on butadiene poly- 
mers are recommended for use in 
formulating industrial baked pri- 
mers, bakéa foep coats, can liners, 
and other surface coating applica- 
tions. Other grades of these resins 
are of interest to fabricators of re- 
inforced plastics because of physi- 
cal and electrical properties, and 
the economic advantage of low 
density. 

Two urethane elastomer for- 
mulations processible on standard 
injection molding equipment have 
been’ introduced: 

@ Estane (B. F. Goodrich Chem- 


134 


ical Co.) is a true thermoplastic 
that can be recycled indefinitely. 
Formulations include grades for 
injection molding, extrusion, or 
solvent coating. The material is 
supplied in rubbery “e-in. cubes 
and is processed very much like 
PVC. The material can also be 
compression molded. 

@ Texin (Mobay Chemical Co.) 
is not a true thermoplastic and 
can be recycled only up to a point. 
The material is supplied in pellets 
as “green” stock. During injec- 
tion, it flows into the mold cavity, 
where it solidifies. For best 
results, the material should be 
postcured after molding. Markets 
include cable jacketing, mono- 
filaments, heel lifts, tubing, and 
mechanical “rubber” goods. 


Acetal 

@ This tough new resin contin- 
ues to move at a furious pace into 
new markets. At latest count, Du 
Pont’s Delrin acetal is already 
used in more than 500 applica- 
tions in the United States (in- 
strument clusters, housings, pump 
parts, automotive components, 
computer parts, etc.) and over 
200 overseas (shoe heels, binocu- 
lar casings, toothbrush handles, 
etc.) .. . A new producer, Cela- 
nese Corp. of America, has en- 
tered the field with Celcon, classi- 
fied chemically, according to the 
company, as an acetal copolymer. 
Celcon is claimed to be a high- 
strength engineering plastic, with 
hardness, stiffness, dimensional 
stability, light weight, and resist- 
ance to abrasion and environmen- 
tal attack. Proposed applications: 
automobile components, blow 
molded containers, gears and 
bushings, etc. 


Acrylic 

@ Two new entries have come 
into the field within the past 12 
months: Escambia Chemical 


Corp. announced plans to start 
construction of a plant for pro- 
ducing methacrylate (company 
interest seems to be primarily in 
producing for surface coatings) 
: . American Cyanamid Co., 
under a license from Imperial 
Chemical Industries Ltd., will also 
manufacture methyl methacrylate. 
@ High-impact acrylic (Implez, 
Rohm & Haas) racked up several 
important application gains: an 
outboard motor housing, an in- 
jection molded  barrel-shaped 
soda dispenser, a blow molded 
hair dryer housing . . . Acrylic 
sirup (Lucite, Du Pont) con- 
tinued to arouse interest in its 
possibilities as a good weather- 
resistant binder for fibrous glass 
in architectural and glazing pan- 
els. One manufacturer (Owens- 
Corning Fiberglas Co.) announced 
production of such panels with a 
100% acrylic binder. 

@ Other news items: a new acry- 
lic wall paint (Lucite, Du Pont) 
has unusual thixotropic proper- 
ties; it is unusually thick—about 
the consistency of mayonnaise— 
and will not run, drip, or spatter 
like ordinary paint ... A new 
application for a methyl meth- 
acrylate-styrene copolymer (Zer- 
lon, Dow): shatter-proof cocktail 
glasses characterized by chemical 
resistance and high-impact 
strength . . . Rohm & Haas an- 
nounces availability of pilot-plant 
quantities of 2-hydroxyethyl 
methacrylate and 2-hydroxypro- 
pyl methacrylate which can be 
polymerized in solution or emul- 
sion with a variety of monomers 
to give copolymers that can then 
be reacted with OH-reactive bi- 
functional chemicals to form ther- 
mosets as well as elastomers. 


ABS materials 

@ Two original producers of ABS 
(acrylonitrile-butadiene-styrene ) 
—U. S. Rubber (Kralastic) and 
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Marbon Chemical (Cycolac)— 
were augmented during the year 
by two more: Monsanto (Lus- 
tran) and B. F. Goodrich (Ab- 
son), with the possibilities of 
three additional producers in the 
offing. 

@ Penetration of new large- 
volume markets was the lure for 
the new entries. These markets 
included: automotive (Buick’s 
instrument cluster was molded of 
Kralastic with a printed circuit 
adhered to the back); telephone 
housings (the Princess color tele- 
phone is molded of Cycolac) ; lug- 
gage; typewriter housings (the 
first all-plastic housing was in- 
troduced by Remington Rand and 
was molded of Cycolac); boats 
formed of ABS materials with 
ABS foam cores; pipe; and appli- 
ance housings. 


Ally! resins 


@ New addition to conventional 
uses for molded diallyl phthalate 
in electronics industry: the two 
halves of the chassis for Accutron 
electronic transistorized timepiece 
are molded of DAP (supplied by 
Mesa Plastics Co. and based on 
Dapon produced by Food Ma- 
chinery & Chemical Corp.). 

@ Three new reinforced DAP 
molding compounds have been 
developed by Rogers Corp.: RX- 
1260, a mineral-filled, flame-re- 
sistant material with superior 
moldability; RX-1280, also min- 
eral-filled but compounded for 
temperature resistance up _ to 
500° F. (it is not classified as 
flame-resistant); and RX-1380, a 
glass-filled material in the iso- 
phthalate group with tempera- 
ture resistance also up to 500° F. 
and with excellent electrical prop- 
erties. 

@ Interest continues in the use of 
papers impregnated with DAP 
(Dapon, Food Machinery and 
Chemical Corp.) and applied to 
wood veneers or other cores in a 
simple one-step operation re- 
ported to cost from % to % as 
much as conventional high-pres- 
sure laminates. 


Amino resins 

® Concentrates of urea-formal- 
dehyde are now commercially 
vailable (Hercules Powder Co.) 
the manufacture of urea resins 
e used in the production of 
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adhesives, particle-board, ply- 
wood, textiles, and protective 
coatings . . . Announcement has 


been made by Allied Chemical 
Corp. that its Nitrogen Div. will 
install facilities for the production 
of melamine crystal. 

@ Molders of melamine dinner- 
ware, as well as raw materials 
suppliers, have organized a new 
trade association, the Melamine 
Dinnerware Guild of the S.P.L., to 
be concerned with standards, 
market statistics, manufacturing 
techniques, promotion of dinner- 
ware, etc. 

@ Melamine and urea parts deco- 
rated by the molded-in foil 
method have expanded to include 
switch plates and cutlery handles. 
One dinnerware manufacturer 
(Plastics Mfg. Co.) reports that 
bowls, cups, and other deep-draw 
items are now available with such 
decoration. 


Epoxy resins 

Use of the epoxies in laminates, 
adhesives, and, most recently, in 
filament wound structures con- 
tinued to grow. Three such appli- 
cations reported on this year 
were: 

@ A new epoxy-glass laminate 
(FR-4, Synthane Corp.) described 
as a flame-retardant material with 
high mechanical strength at room 
temperature, good dielectric loss 
and dielectric breakdown proper- 
ties under both dry and humid 
conditions. 

@ A new dry epoxy film (Metl- 
bond 408, Narmco Industries, 
Inc.) for metal-to-metal bonds: 
the film is cut to shape, placed 
between surfaces, and the entire 
assembly is clamped together and 
cured at 350° F. for 1 hour. 

@ An epoxy-saturated filament 
wound tank (Black, Sivalls, and 
Bryson, Inc.) for storing, ship- 
ping, or processing chemicals, fer- 
tilizers, foodstuffs, or potable 
liquids, is 12 ft. in dia. by 20 ft. 
long and is claimed to offer tensile 
strengths up to 90,000 p.s.i. 

As markets continued to grow, 
producers during the year offered 
refined epoxy formulations to 
meet specific demands. Reported 
on within the past 12 months 
were: 
®@ Volatile diluents are not used 
in a new low-viscosity epoxy 
(Epotuf ED-1025, Reichhold 









Chemicals) and the material is 
easier to handle because of the 
absence of fumes which require 
masks for workmen. It can be 
cured at room temperature. 

@ Two semi-flexible single-com- 
ponent epoxy powders (Maraset 
135E [unfilled] and Maraset 136E 
[filled], Marblette Corp.) meet 
the high heat resistance require- 
ments for continuous operation in 
the H temperature class; they 
were developed for impregnating 
and encapsulating electrical and 
electronic equipment. From the 
same company, crystal-clear 
epoxy castings can now be made 
easily by using a new transparent 
resin (Maraglas) and _ suitably 
proportioned hardeners. 

@ Low cost, toughness, and flexi- 
bility are claimed for a new series 
of epoxy resins (Union Carbide 
Chemicals Co.) made possible 
through the use of a new catalyst, 
a new epoxide, and dimer and 
trimer acids. Carbide supplies 
only the epoxide monomer (Unox 
20]) and the catalyst; the acids 
must be obtained elsewhere. 

@ Continuous operation at tem- 


POLYESTER-GLASS PREMIX 
formulations moved into new 
markets during the year, Com- 
pression molded base and top 
cone (below) are for new fog- 
horn. Switch to premix tripled 
production, helped cut costs 


(Wallace & Tiernan) 
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CORRUGATED TRANSLUCENT VINYL sheet extruded by contin- 
uous process shows real potential for structural glazing, partition- 
ing, and other building applications (B. F. Goodrich Chemical Co.) 


peratures up to 310° F. is claimed 
for a new single-component epoxy 
coating (Type /F56, Columbia 
Technical Corp.) which requires 
no hardener and is cured by a 
short high-temperature bake. 
Shelf life is reportedly one year. 
@ With a viscosity in the range 
of 500,000 cp., as compared with 
120,000 cp. for conventional mate- 
rials in the same high-tempera- 


ture class, a new epoxy novolac 


(Experimental Resin X-2638.6, 
The Dow Chemical Co.) is avail- 
able only as an 85% solution (for 
handling ease) in methyl ethyl 
ketone. The high viscosity of the 
new resin is said to make possible 
production of prepreg fabric with- 
out the need for carefully con- 
trolled B-staging. 


Fluorocarbons 

@ Another producer (Pennsalt 
Chemicals) entered the fluoro- 
carbon field with a new vinylidene 
fluoride. Details on this resin can 
be found on p. 20u. Allied Chemi- 
cal also entered the field with 
Halon fluorohalocarbon resin, said 
to be somewhat similar to chloro- 
trifluoroethylene (CTFE), and 
with a modified form of resin 
known as Aclar film. 

Several methods also appeared 
recently for preparing the surface 
of the fluorocarbons to make them 
bondable and platable. These in- 
cluded the following: 

@ Fluorocarbons can be made 
bondable by the application of 
prepared etching solutions which 
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are activated forms of sodium in 
solution. When brushed on the 
fluorocarbon surface, the liquid 
reacts to form a carbonaceous 
surface which is compatible with 
most adhesives (Fluoroetch, 
Acton Laboratories and Tetra- 
Etch, W. L. Gore and Assoc.) 

@ Another material for preparing 
fluorocarbon surfaces for bonding 
(Bondaid, Shamban & Co.) is also 
easily applied without elaborate 
equipment and can be color-dyed 
for identification of the material 
treated. 

@ All platable metals can be 
electroplated on Teflon (Du Pont 
fluorocarbon) by a process (Plas- 
tron, Inc.) which is reported to 
provide complete adhesion with- 
out detracting from the electrical 
properties of the fluorocarbon. It 
is stated that soft-soldering can 
be done on the plated surface 
without damage. 

@ FEP film (Teflon, Du Pont) is 
now available in a new form 
treated on one side so that it can 
be cemented to other materials 
with ordinary adhesives. 

Two other developments in the 
area of fluorocarbons were also 
noted: 

@ A slip and anti-stick agent in 
spray form (Rulon Spray, Dixon 
Corp.) is based on a fluorocarbon 
resin. It is designed to be sprayed 
as a lubricant on belts, packings, 
gears, etc., and as an anti-stick 
agent on chutes, conveyors, etc. 
The spray is said to dry to a film 
which has low frictional charac- 


teristics, is chemically inert, vir- 
tually insoluble, and stable at 
temperatures of more than 500° F. 
@ Reinforced fluorocarbon (Tef- 
lon, Du Pont) gasketing material 
(Duroid 5813, Rogers Corp.) is 
reported to maintain its good di- 
mensional stability under com- 
pression and temperature varia- 
tions. It is being used as gasketing 
for plate glass viewing ports in a 
pressurized welding fixture. The 
reinforcing material consists of 
glass microfibers. 


Nylon 

@ Most of the big news in nylon 
during the past months was made 
in the area of applications. Nylon 
housings for small portable elec- 
tric appliances, as just one exam- 
ple, showed much growth poten- 
tial. Leading the parade were a 
housing for a Schick shaver 
(using nylon supplied by Foster 
Grant), a housing for an electric 
drill (nylon by Du Pont), and 
various housings for spray and 
soldering guns (nylon by Allied 
Chemical) .. . The first automo- 
tive fuel pressure regulator to use 
plastics parts showed up with 
three major components precision 
molded of nylon (by Artag Plas- 
tics Corp., using Zytel nylon, Du 
Pont). Use of the moldings elimi- 
nated expensive machining and 
finishing operations . Door 
locksets with molded nylon parts 
are designed for easy installation. 
Resilience and low coefficient of 
friction of the nylon result in 
quiet operation and freedom from 
lubrication. The parts of the lock- 
set also cannot rust and are un- 
affected by hot and humid 
climates . . . Molybdenum disul- 
phide-filled nylon (Nylatron GS, 
Polymer Corp.) is used to mold 
two of the integral parts of the 
new Princess telephone—the gov- 
ernor pinion and cam. 

@ Among the materials develop- 
ments: Two new nylon 6 resins 
(401A and 605A, Spencer Chemi- 
cal Co.) are reported to make 
possible increased production rates 
in injection molding; reduction in 
cycle times up to 40% and in- 
creased flow that requires lower 
ram pressures and heater settings 
have been reported . . . Porous 
nylon components (The Polymer 
Corp.) are produced by cold 
pressing and sintering specially 
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processed nylon powders using 
techniques similar to those used 
in powder metallurgy. Parts can 
absorb from 15 to 20% of their 
own weight in oil and, it is 
claimed, will retain the absorbed 
oil under extremes of tempera- 
ture, pressure, and acceleration; 
coefficient of friction is said to be 
as low as 0.01. 


Phenolics 


Most publicity centered on the 
use of phenolics in combination 
with “exotic” fillers such as 
quartz, silicone, etc., in the rocket 
and missile field—with the possi- 
bility that these tough, high-tem- 
perature plastics may some day be 
translated into commercial reali- 
ties for other industries. On a 
more workaday level, there were 
the following developments to be 
noted: 

@ A phenolic resin-hardener is a 
new combination (Union Carbide 
Plastics Co.) now commercially 
available for the production of 
coated sand for foundry shell 
molds and cores. The resin (Bake- 
lite BRL-5009) is water-borne; 
the hardener (BRP-0314) was 
developed especially for use with 
the resin. 

@ A recently issued patent 
(Durez Plastics Div., Hooker 
Chemical Corp.) covers a process 
which greatly simplifies proce- 
dures of coating foundry sand with 
resin. The new process can be 
used with either powdered phe- 
nolic resins or with resin solu- 
tions, and can be conducted cold 
or accelerated with hot air. The 
dry resin-coated sand can be 
stored for several months. 

® Automobile headliners molded 
of phenolic-glass reinforced plas- 
tics (American Motors, using 
Johns-Manville and Owens-Corn- 
ing fibrous glass) are light in 
weight, easy to install, and 
tougher and more versatile than 
the sewn fabric headliners which 
they replace. In addition, they 
have acoustical qualities that con- 
tribute to a quiet ride. 

® Recommended for printed cir- 
cuits and for copper-clad lami- 
nates used in electronic com- 
puters, a new phenolic varnish 
(Resinox 495, Monsanto Chemical 
Co.) offers advantages to radio, 
TV, and other electronics manu- 
facturers. It is stated that paper- 


RECENT DEVELOPMENTS 








based laminates impregnated with 
the new phenolic varnish meet the 
electrical, physical, and mechani- 
cal standards of NEMA and UL 
tests for flame resistance. 


Polycarbonate 

@ Price drops and an intensive 
market development program saw 
polycarbonate move into more 
than 300 commercial applications, 
including: an injection molded air 
diffuser (of General Electric’s 
Lexan) that replaces metal with a 
consequent savings in weight, 
faster production, elimination of 
painting and other finishing op- 
erations, and greater freedom in 
design; telephone connector ‘parts; 
pump impellers; electrical com- 
ponents; computer parts; etc. 

@ Blow molded polycarbonate 
bottles made an appearance and 
much interest was expressed in 
polycarbonate film (now used for 
photographic purposes) and sheet. 
In the latter area, research by one 
company (General Electric) indi- 
cated the potential of cold forming 
polycarbonate sheet by stamping 
and pressing or by rolling and 
drawing. 


Polyester resins 

@ Improved toughness for poly- 
esters can be attained, it is said, 
through the addition of a new 
chemical (TMG, Shell Develop- 
ment Co.), which is also claimed 
to decrease polyester preparation 
time and to increase its resistance 
to fading in sunlight. The com- 
pound, trimethylene glycol (1,3- 
propanediol), is a premium priced 
material usually obtained as a by- 
product of soap manufacture; it 
can be made, however, as a de- 
rivative of acrolein. 


®@ Simulated stone surfaces for 
either building exteriors or in- 
terior decoration (Terox, Terox 
Corp. of America) are being pro- 
duced in reinforced plastics com- 
pounded of an acrylic-modified 
polyester (Paraplex P-444, Rohm 
& Haas) developed especially for 
outdoor use, and fibrous glass mat 
(Owens-Corning). The resin is 
reported to exhibit unusual re- 
sistance to erosion and to degra- 
dation from exposure to ultra- 
violet light. 

@ A modified polyester casting 
plastic (Alplex, Allen Plastics 
Corp.) has been developed which 
is to be used with MEK peroxide 
as a curing agent. Casting can be 
done in almost any type of molds, 
no heat or cooling is required, 
and the cast objects can be re- 
moved from the molds within 10 
to 20 min., it is claimed. There is 
practically no shrinkage during 
cure. 

@ Polyester resin, wood chips, 
and fibrous glass molded at 300 to 
500 p.s.i. in relatively inexpensive 
molds results in a material (Del- 
wood, Gisholt Machine Co.) which 
holds promise as a low-cost re- 
placement for solid wood in a 
number of applications calling for 
compound curves and _ intricate 
contours. 

@ Exceptional property range is 
claimed for a new polyester coat- 
ing resin (Vitel, Chemical Div., 
Goodyear Tire and Rubber Co.) 
that is reported to resist abrasion, 
ultra-violet rays, many chemicals, 
and weathering. It is also stated 
to have excellent adhesion, clarity, 
electrical properties, and the abil- 
ity to bind pigments. It is being 
promoted as a protective coating 
on metals for automotive and 


NEW AUTOMOTIVE APPLICATIONS in plastic include a one-piece 
polypropylene accelerator pedal with molded-in integral hinge and 
slotted bosses for easy assembly (Hercules Powder Co.) 
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architectural uses and in wood 
stains, primers, and finishes. 

@ Although tung oil has low 
miscibility with ordinary poly- 
esters, it has the effect, when 
mixed with the resin, of shorten- 
ing gel time and decreasing the 
temperature rise in room-tem- 
perature cure. Improved tung oil 
compatibility can be obtained by 
modifying the unsaturated poly- 
ester with rosin. Relatively large 
amounts of tung oil can be in- 
corporated (Naugatuck Chemical 
Div., U.S. Rubber Co.) in an un- 
saturated polyester by partial 
reaction to a homogenous stage at 
a temperature of 100 to 130° C. A 
tung-oil-modified polyester of this 
type is a heat-hardening resin and 
can be used in baked coatings and 
casting compositions. 


Polyethylenes 

The polyethylene resins con- 
tinued to appear in a bewildering 
array of densities, melt indexes, 
homopolymers, copolymers, and 
blends—each intended for a spe- 
cific end-use. A complete list of 
the various types and grades of 
resin offered is given on pp. 253 
through 266. Some of the more re- 
cent ones reported on in the past 
few months include: 
® New’ ethylene copolymers 
(Zetafin, The Dow Chemical 
Co., and Bakelite DPDB-6169, 
Union Carbide Plastics Co.) have 
properties which seem to fit be- 
tween those of vinyl chloride and 
polyethylene. Dow says its mate- 
rial is a copolymer of ethylene 
and ethyl acrylate; UCP doesn’t 
specify. The new materials would 
seem to be something like a plas- 
ticized vinyl chloride but without 
the plasticizer and therefore with- 
out the danger of plasticizer mi- 
gration. 
® High-density black polyethyl- 
ene resin (Marlex TR-212, Phil- 
lips Chemical Co.) has been 
tailored to the requirements of 
high-quality plastics pipe. Ap- 
proved pipe made from this resin 
is reported to have a hoop stress 
of 1800 p.s.i. at 1000 hr. and 80° F.; 
another polyethylene resin (Mar- 
lex TR-414) for pipe is said to 
meet present requirements of 
Dept. of Commerce standard CS 
197-60 for ASTM type III poly- 
ethylene, which uses a design 
hoop stress of 600 p.s.i., and Na- 
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CLARITY AND HIGH GLOSS 
of methyl methacrylate-sty- 
rene copolymer is put to use 
in molded cocktail glasses 
(Dow Chemical Co.) 


tional Sanitation Foundation re- 
(Marlex 
specifically 


quirements; a_ third 
TR-515) is tailored 
for extrusion coating. 
@ Increased impact strength is 
claimed for a new film grade 
polyethylene resin (Monsanto 
Chemical Co.) that will reportedly 
permit use of lighter gages to 
meet toughness requirements in 
industrial applications, but with- 
out sacrifice in sealing range. 
When extruded at temperatures 
10 to 15° F. above those used for 
general-purpose resins, there is 
said to be no loss in extruder 
output. 

@ Electrical grade polyethylene 
compound (Bakelite DFDA-0173 
Natural, Union Carbide Plastics 
Co.) has been developed espe- 
cially for primary insulation of 
submarine telephone cables. The 
material is a high-molecular- 
weight compound containing only 
an antioxidant and is prepared in 
a contamination-free atmosphere 
to eliminate the danger of break- 
down of electrical insulating prop- 
erties in service. 

@ High-molecular-weight poly- 
ethylene is now available (Forti- 
flex R, Celanese Polymer Co.) in 
the high-density range, which is 
reported to be as easy to process 
as conventional high-density 
polyethylene, in contrast to other 
high-molecular-weight materials, 
which are considered more diffi- 
cult to handle. The new formula- 
tion is also said to have better 
properties, including greater re- 
sistance to high pressures and 
temperatures, better impact 
strength, and miore attractive ap- 
pearance. 


@ Two new polyethylene resins 
(PER 600 and R8000, The Dow 
Chemical Co.) have been intro- 
duced. Density of the new resins 
is 0.957, approaching the high end 
of the linear polyethylene density 
range. It is reported that the new 
resins will shrink up to 30% less 
than other linear resins in many 
applications, providing better con- 
trol over warpage of molded 
products. 

@ Resistance to environmental 
stress cracking in a new poly- 
ethylene formulation (Poly-Eth 
4204, Spencer Chemical Co.) is 
reported to be a direct result of 
the company’s polymorphous 
technique of producing a molding 
grade resin. This technique is said 
to produce a controlled molecular 
pattern and a balance between 
crystalline and non-crystalline 
elements of the material. 

Several methods for processing 

or finishing polyethylenes in other 
than conventional ways also made 
an appearance. These included: 
@ Finely divided PE (low- and 
medium-density) is powder 
molded in relatively low-cost 
sheet metal molds to produce 
hollow containers. This patented 
process was introduced in this 
country by Spencer under the 
tradename Thermofusion, and is 
known in Europe as the Engel 
process. Both Spencer and U.S. 
Industrial Chemical Co. resins are 
used. 

This same powder can also be 
used in modified rotational mold- 
ing equipment to produce small 
hollow objects (such as are gen- 
erally made of plastisol). 

The Heisler process uses pow- 
der in conjunction with heated 
and wiping action molds to pro- 
duce barrels and similar con- 
tainers. 

Work is in progress to produce 
such containers by spraying pow- 
der onto heated molds. 

@ Polyethylene pipe can be made 
twice as strong by a new biaxial 
orientation method (Farbwerke 
Hoechst A.G., Germany; Hercules 
Powder Co. exclusive licensee in 
U.S. and Canada for apparatus and 
processes), with the result that 
pipe can be produced that has 
equal burst strength but only half 
the wall thickness and weight of 
standard pipe. The orientation that 
strengthens the pipe is produced 
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by simultaneously stretching the 
material in two directions under 
carefully controlled conditions. 

@ Metallized polyethylene 
squeeze bottles are now being 
produced by a new coating tech- 
nique (Poly-Kote, Inc.) which 
results in an attractive wrinkled- 
metal finish. An added advantage 
claimed is that the coating de- 
creases the permeability of the 
polyethylene to such liquids as 
alcohol and acetone. 

@ A pressure-sensitive adhesive 
(Flexabar Corp.) for polyolefins 
is supplied either as a 100% solids 
hot-melt material or in a 50% 
hexane solution, Advantage of the 
hot-melt form is quick setting 
time and elimination of a flam- 
mable solvent. The solution form 
can be easily brushed on the sur- 
faces to be adhered. 

Application-wise, there was 
hardly an industry that didn’t feel 
the impact of polyethylene. Blow 
molding, for one, took off from 
conventional bottles into such 
areas as: 55-gal. PE carboys; the 
entire body of a new toy racing 
car—55 in. long, close to 24 in. 
high, and blow molded in one 
piece; a traffic blinker light 4% the 
cost of its metal counterpart and 
9 lb. less in weight; and blow 
molded automotive ducting. All of 
these applications used high- 
density polyethylene. 

Industrial markets were as ac- 
tive as consumer markets. Parts 
for lawn mowers, industrial hous- 
ings molded of high-density poly- 
ethylene, automotive seat side 
shields, kick panels, glove com- 
partments, and spring leaf inserts 
(also in high-density), coal 
storage bin liners, and 
other industrial equipment fabri- 
cated of polyethylene sheet, PE 
bodies and wads for shotgun 
shells were among the year’s 
highlights. 


chutes, 


Polypropylene 


The big news in polypropylene 
for 1961 was that by mid-year 
eight companies had announced 
their entry into this area. In addi- 
tion to pioneer Hercules Powder 
Co., these included AviSun, Dow, 
Enjay, Shell Chemical, Novamont, 


Texas-Eastman, and Firestone 
. and expected to join the fold 
soon were Phillips Chemical, Du 


Pont, and Union Carbide. 
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@ Most producers now offer a 
range of melt flow, with Hercules 
Powder Co., for example, listing 
six. Special attention has been 
given to heat-resistant PP, which 
has found wide application in 
television backs. AviSun an- 
nounced several resins with food- 
grade eligibility and high flow. 
Spencer brought its formulations 
up to nine, with three new resins 
for injection molding. 

® Much work is also being done 
on polymer stability. with most 
makers developing improved sys- 
tems. Particular attention is di- 
rected to the matter of ultra- 
violet light resistance in order to 
better serve the monofilament 
webbing market. 

@ Together with the spurt in 
resin production have come nu- 
merous application breakthroughs 
in both the consumer and indus- 
trial fields, most of them molded, 
and many of them taking advan- 
tage of polypropylene’s hinge ef- 
fect, eg., automotive gasoline 
pedals, storage boxes for electric 
shavers, containers, covers for toy 
typewriters, etc. 

@ The first big-size application 
was Sears, Roebuck’s luggage 
molded by Amos-Thompson 
Corp., of Hercules Powder Co. 
Profax material. Another large 
piece went into a line of chairs 
(each shot weighs about 3 Ib.) 
molded by Alladin Plastics. 

@ This was also the year when 
PP was successfully blow molded, 
with first applications in the hos- 
pital and laboratory supply fields. 
A 5-gal. laboratory bottle molded 
by Nalge Co. of AviSun’s resin 
replaces a high-heat-resistant 
glass container used in the prepa- 
ration of sterile cultures. Weight 
of the PP bottle is 2% lb., against 
11 lb. for the glass unit, and prices 
are about the same. Since poly- 
propylene withstands autoclaving 
temperatures, it can be sterilized 
without distortion. 

@ Film applications are also 
starting to appear. Several bak- 
eries are using it to wrap bread 
(commercially), 2-mil bags for 
macaroni have been introduced, 
and a 1-mil drum liner for as- 
phalt looks promising. Sheet is 
another form of PP now becoming 
available. An 8 by 4 ft. by 2-in. 
thick sheet made by Seiberling 
Rubber Co. is used by fabricators 


to produce drums for the electro- 
plating industry. The material is 
claimed to withstand tempera- 
tures up to 300° F. 

@ A strong market area for the 
material is developing in mono- 
filaments. End-use markets in- 
clude rope, webbing, bristles, 
novelty items, automotive uphol- 
stery, netting, and filters. 


Styrene 
@ Telephone transmitter cups, 
tableware, water filter bowls, rigid 
food containers, aerosol nozzles, 
and fan blades are some of the re- 
cently announced applications for 
styrene-acrylonitrile copolymer 
molding materials (Tyril, The 
Dow Chemical Co.; Bakelite C-11, 
Union Carbide Plastics Co.; and 
Fostanitrile, Foster Grant). To 
such applications, the materials 
bring properties of greater di- 
mensional stability, chemical re- 
sistance, and toughness than is 
found in general-purpose poly- 
styrene. 
@ New addition to producers of 
styrene-acrylonitrile copolymers 
is Monsanto Chemical Co. (Lus- 
tran A). The coplymers are pro- 
duced by graft polymerization. 
@ Formed styrene sheet food 
cabinet liners for full-size refrig- 
erators (Admiral Corp., using 
Dow and Monsanto high-impact 
materials) have at last become a 
reality. First liners are for a 
9-cu.-ft. model. 
@ A new drinking cup simulating 
cut crystal (from Loma Indus- 
tries) is molded of a heat-resistant 
styrene (Foster Grant) that has 
excellent flexural and _ tensile 
strength and can even take the 
abuse of a mechanical dishwasher. 
@ A new film-forming styrene 
copolymer latex (Lytron 6A, 
Monsanto Chemical Co.) is sug- 
gested as a coating for drinking 
cups, disposable containers, and 
food packages. It is said to pro- 
vide a continuous, non-blocking 
coating with excellent resistance 
to hot and cold liquids and to 
grease and oils. 
@ First of a new class of impact 
polystyrenes for injection molding 
(Bakelite TMD-9020, Union Car- 
bide Plastics Co.) is characterized 
as a medium-impact material. 
However, it is reported that in 
tests on thin-walled containers it 
(Continued on p. 326) 














Acetal resins 


= ever-widening acceptance 
of acetal resin (Delrin') is at- 
tested by the emergence of more 
than 500 applications during the 
first year after the announcement 
of commercial availability of the 
material. The molecular structure 
of the polymer is that of a linear 
acetal, consisting of unbranched 
polyoxymethylene chains 


ae 
(-O-C-O-C-) 
H H 


of great length, normally averag- 
ing more than 1000 CH,O units. 
The high crystallinity and high 
melting point (347° F.) of the 
resin accounts for an excellent 
combination of properties which 
makes it a suitable replacement 
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for metals in numerous applica- 
tions. High strength and stiffness, 
good fatigue life, exceptional re- 
silience, and toughness combine 


with low moisture sensitivity, 
high solvent resistance, and ex- 
cellent electrical characteristics to 
give the material a high degree of 
versatility. A major feature of the 
polymer is its retention of these 
properties at elevated tempera- 
tures. 

Applications which are now in 
commercial use have substanti- 
ated early laboratory tests, which 
indicated that the resin would be 
excellent for producing automo- 
tive, appliance, machinery, and 
consumer items. 

Injection molding powders 
(Delrin 500) and extrusion pow- 
ders (Delrin 150) are available 

























































































technologist, Polychemicals Dept., in natural and colored composi- 
du Pont de Nemours & Co. (Inc.), 9 . ‘ 
Wilmington 98, Del tions. Natural Delrin is translu- 
a by the editors cent to opaque white, which 
700,000r- T T T T 
| (ASTM 0-790) 
| 
600,000;— | 
# 500,000 
3 omedeeeahat ind 
3 400,000} S | 
% RH 
hy | Wet NO Aw J ‘ 
rs 200 000} — } — XS 
. Pe 73 m ¢ ee \ 
ies st ee! _—— 
100,000 | a4 | — 
ae ad | s Re Re alae, ie TOS Ta 
-40 0 40 80 120 160 200 240 280 320 360 
Temperature, °F 
FIG. 1 (above): 
Flexural modulus 
500r— amram aes of acetal vs. tem- 
= perature and mois- 
@ 400h- T ture. FIG. 2 (left): 
S Creep resistance is 
E 300r —————_—_—=— shown by _ stress 
° a 7 relaxation curve of 
a 200;— rod forced into a 
= ok ga Ss | aa eee ee 0.009-in. smaller 
re 100 hole at 200° F. 
0 vis Fi Force to remove 
0 500 1000 jis measured at 
Time, hr. room temperature 






makes possible an _ unlimited 
number of colored compositions. 
Its colorability is excellent; col- 
ored products have a sparkle and 
brilliance believed to result from 
its high crystallinity. 

Photostabilized § compositions 
perform well cn outdoor expo- 
sure, but do tend to chalk. Ultra- 
violet stabilized compositions are 
available in colors as well as in 
the natural color of the resin. 


Properties 

Typical physical properties of 
the acetal resins are given in 
the Plastics Properties Chart. 
The extrusion grade material has 
the higher elongation and im- 
pact strength; consequently, it is 
tougher than the molding grade. 
Other than these differences, the 
two compositions have the same 
properties. 

Mechanical: One of the strong- 
est and stiffest thermoplastics, 
Delrin has a tensile strength at 
room temperature of 10,000 p.s.i., 
with no true yield point, and a 
flexural modulus of 410,000 p.s.i. 
Moisture has slight effect, chang- 
ing strength properties less than 
10 to 20% under the most ad- 
verse moisture conditions (Fig. 
1, left). Strength retention at 
elevated temperature is usually 
good: even at 200° F. tensile 
strength is 6000 p.s.i. and flexural 
modulus is 180,000 p.s.i. 

In creep resistance, particularly 
under prolonged high loadings and 
humidities, acetal resin shows a 
pronounced superiority over most 
typical thermoplastics. Its creep 
resistance is demonstrated in Fig. 
2, left, which shows the stress 
relaxation of an interference fit 
stored at 200° F. Resistance to 
creep is also reflected in high 
fatigue endurance limit which at 
room temperature and 100% rela- 
tive humidity is 5000 p.s.i., and is 
still 3000 p.s.i. at 150° F. Lubri- 
cants and water, according to 
tests, have little effect on the 
fatigue life of acetal resin. 

For its strength and stiffness, 
this polymer is one of the tough- 
est, most resilient thermoplastics 
known. Of striking importance is 
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the very slight effect of tempera- 
ture on its toughness: the Izod 
impact strength is essentially con- 
stant from —40 to 212° F. Mois- 
ture also has little effect on tough- 
ness. 

Chemical resistance: This acetal 
resin is unusual among thermo- 
plastics in its resistance to organic 
solvents. There are no common 
solvents at room _ temperature. 
This property gives it excellent 
stain-resistance at room tempera- 
ture for foods such as tea, catsup, 
vinegar, margarine, lemon juice, 
beet juice, and mustard, as well as 
resistance to such industrial ma- 
terials as oils, greases, typewriter 
ribbon inks, and hectograph du- 
plicating masters. On the other 
hand, the polymer is not recom- 
mended for contact with strong 
acids and bases, and tests should 
be run for specific applications 
where use in weak acids and bases 
is intended. 

Dimensional stability: The low 
moisture absorption of this ma- 
terial gives it excellent stabil- 
ity. After equilibrium has been 
reached at room temperature, the 
polymer increases in dimension 
only 1 mil/in. in going from 0 to 
50% relative humidity, and only 
4 mils/in. when totally immersed 
in water. 

Abrasion and frictional resist- 
ance: The abrasion resistance of 
the polymer ‘s generally superior 
to other the moplastics, with the 
exception of nylon. It exhibits 
clean wearing characteristics and 
particles from the abrading sur- 
face generally do not embed in 
the acetal resin. 

The hard, smooth surface of 
acetal has a slippery feel. Its 
coefficient of friction on steel is 
very low (0.1 to 0.3 by inclined 
plane test) and shows little varia- 
tion from 73 to 250° F. and under 
loads up to 2500 p.s.i. Its static 
and dynamic coefficients are equal, 
hence the phenomenon of slip- 
stick has not been observed. 

Electrical: Excellent electrical 
properties are combined with the 
exceptional mechanical character- 
isties of acetal resin. Low dissipa- 
tion factor and dielectric constant 
prevail over a wide range of fre- 
quencies and up to temperatures 
of 250° F. The polymer maintains 
its good electrical properties under 
h humidity exposure and after 
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VERSATILITY OF ACETAL RESIN is apparent in the diversity of its 
commercial applications. Three major end-use areas are shown on 
this page. Fishing equipment, novelties, and sporting goods (above) 
use acetal’s strength and corrosion resistance to advantage . . . 





pump components (above), which include cover plates, 
vanes, impellers, valves, and diffusers, use acetal’s impact 
strength and light weight to effect more compact designs—at 
lower costs . . . appliance parts (below) in acetal already include 
dryer rings, refrigerator and washing machine parts, TV and radio 
components, handles, and percolator dispersers 









immersion in water. This resin 
should prove to be an ideal insu- 
lator for applications where good 
electrical properties are required 
in conjunction with high strength, 
abrasion resistance, dimensional 
stability, and property retention 
at high temperature. 


Processing 


Acetal resin is best suited to 
processing by injection molding 
and extrusion. A large variety of 
shapes and forms, including sheet, 
pipe, tubing, and rod, can be pro- 
duced on conventional extruders. 

Fabrication by hot-gas, hot- 
plate, and resistance - welding 
methods all work well with acetal. 
Standard commercial fastening 
devices can be used, such as ex- 
plosive rivets and self-tapping 
screws. Of the latter, thread- 
cutting types ASA F or T are 
recommended. Cold heading has 
proved to be an efficient method 
of fastening in many fabricating 
jobs, and parts can also be fast- 
ened by nailing or cementing. Al- 
though cementing is difficult be- 
cause of the resin’s resistance to 
solvents, several commercial ad- 
hesives can be used where bonds 
of acetal to acetal or to other 
substrates are desired. 

Machining qualities are simi- 
lar to those of free-cutting brass 
and permit the production of parts 
on automatic screw-cutting ma- 
chines. These qualities also enable 
shaping by filing, surface-grind- 
ing, and similar operations. High 
gloss can be imparted by standard 
polishing techniques. 

Spray-applied commercial lac- 
quers using the conventional in- 
dustrial technique of a prime top 
coat system followed by a 250° F. 
baking period produce finishes of 
beautiful appearance on molded 
acetal parts. These coatings suc- 
cessfully pass the pressure-sensi- 
tive tape adhesion test commonly 
used in the paint industry. Parts 
can also be vacuum metallized, 
printed by direct or 
process, or hot stamped. 


screen 


Applications 


Impellers and other components 
for domestic water pumps, which 
must retain high strength and 
stiffness on continuous exposure 
to water, take full advantage of 
the combination of low moisture 
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INSTRUMENT PANEL 
of 1961 Valiant, molded 
in acetal, weighs only 
two pounds. Durability 
and ease of handling on 
the assembly line are 
among the advantages 
the material offers to 
compact car designers 


absorption and high strength and 
stiffness of this resin. A two-piece 
molded impeller for a multi-stage, 
deep-well pump is a good illus- 
tration. Prongs and mating holes 
are provided for permanently 
joining the two halves by apply- 
ing a heating tool which simul- 
taneously, in one quick produc- 
tion step, produces a head on each 
of the prongs. This is a fast and 
economical method for joining two 
molded acetal parts. 

An illustration of how the com- 
bination of many desirable quali- 
ties in this plastic permits com- 
petition with metals is a recently 
commercialized lock spring of 
acetal resin used in a fluorescent 
lighting unit starter switch. The 
one-piece molded part, replac- 
ing a two-piece, copper-plated, 
stamped steel component, relies on 
the material’s stiffness, resilience, 
fatigue strength, and wear resist- 
ance to give the performance re- 
quired. In addition, no dimensional 
or corrosion problems over wide 
humidity ranges interfere with its 
operation. 

Acetal resin also replaces metal 
to advantage in an automotive 
parking brake pulley. Replacing 
two metal pieces with a single 
molding, acetal is providing more 
and more new cars with reliable 
parking brake action. Stiffness, 
low creep, and dimensional stabil- 
ity under load combine with cor- 
rosion resistance to give improved 
performance and long life. More- 
over, longer cable life can be ex- 
pected because the acetal pulleys 
exert no abrading action. 

In applications involving fric- 
tion, it is often possible and eco- 
nomically desirable to make the 
molded part serve as its own bear- 
ing. A table-top conveyor in ace- 
tal would have this “two-in-one” 


feature because of the anti-fric- 
tion properties and corrosion re- 
sistance of its molded acetal parts. 

Lawn mower and push cart 
wheels are other examples where 
this “two-in-one” principle can 
be used. 
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Acrylics 


PE cccine:s and polymers of 
acrylic, substituted acrylic, and 
methacrylic acids, their salts, 
esters, and other derivatives, such 
as nitriles and arhides, make up 
the acrylic family. 

Acid monomers and polymers: 
Acrylic acid, CH,=CHCOOH, is a 
corrosive, weak acid, available in 
essentially anhydrous form (gla- 
cial). Reactions of acrylic acid 
are typical of normal acid func- 
tions (ester, salt, anhydride, and 
acid chloride formation) and of 
the unsaturated function (addi- 
tion of halogens, amines, mercap- 
tans; Diels-Alder reaction). All 
reactions are qualified by the 
molecule’s polymerizable nature. 

Polyacrylic acid, available as an 
aqueous solution in different 
viscosity grades and as an anhy- 
drous powder, is a water-soluble 
polymer that gives hard, brittle, 
clear films. This product is capa- 
ble of undergoing chemical reac- 
tions involving the acid function, 
such as salt formation and esteri- 
fication, insolubilization being 
achieved in the latter instance by 
the use of polyfunctional alcohols. 
Methacrylic acid, available in an- 
hydrous form, is similarly amen- 
able to reaction of the two func- 
tional groupings in the molecule 
as well as to polymerization. 

Both acrylic and methacrylic 
acid are used in the modification 
of the properties of polymers 
through incorporation of varying 
amounts of these monomers in 
copolymerization reactions. Im- 
proved hardness, solvent resist- 
ance, and increased hydrophilicity 
may be obtained. Introduction of 
the acid group permits vulcaniza- 
tion of the polymer with zinc 
oxide. 

Salts: Monomeric salts may be 
prepared by neutralization of the 
corresponding acid or by suitable 
saponification of the appropriate 
" monomeric ester. 

Polymeric acrylic salts may be 
prepared by 1) neutralization of 
the polymeric acids; 2) polymeri- 
zation of the monomeric salts; 3) 
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saponification of the polymeric 
acrylic esters; and 4) alkaline hy- 
drolysis of the polymeric nitrile. 
For example, sodium polyacrylate 
made by the saponification of 
polyacrylonitrile is available from 
many sources. The potassium and 
ammonium salts are also pro- 
duced. The polymeric salts are 
water-soluble polyanionics, giving 
hard, brittle, clear, hygroscopic 
films. In the presence of other 
cations, they show ion-exchange 
reactivity. The presence of acrylic 
salts as components of a copoly- 
mer system may affect the prop- 
erties of the product so formed by 
alteration of the hydrophilic na- 
ture of the polymer, by insolubili- 
zation with polyfunctional cations, 
or by modifying hardness and 
brittleness. 

Esters: A wide range of mono- 
meric acrylic esters is available, 
with large quantities of methyl 
and ethyl acrylates and methyl 
methacrylate now being pro- 
duced. Other available esters in- 
clude butyl, 2-ethylbutyl, 2-ethyl- 
hexyl, octyl, methoxyethyl, 
ethoxyethyl, 3-ethoxypropyl and 
2-diethylaminoethyl acrylates and 






ethyl, butyl, hexyl, cyclohexyl, 
decyl-octyl, lauryl, stearyl, 2- 
dimethylaminoethyl, 2-diethyl- 
aminoethyl and _ t-butylamino- 
ethyl methacrylates, ethylene 
dimethacrylate, and polyethylene 
glycol dimethacrylates. These 
esters are capable of undergoing 
reactions of the ester group, and 
of the unsaturated system, in- 
cluding polymerization. Variation 
of the molecular make-up of 
copolymers, involving different 
acrylate and methacrylate esters 
as well as other monomers, allows 
wide physical variations. 

The polymeric esters may be 
considered on the basis of the fol- 
lowing four methods of polymeri- 
zation: 

1) The monomeric esters can 
be polymerized in bulk by casting 
techniques to give sheet materials. 

2) Suspension polymerization 
of the monomeric esters has been 
used to prepare molding powders. 
The polymer can be produced in 
discrete particles of well-defined 
dimensions by control of the poly- 
merization conditions. The mold- 
ing powders are formed into hard, 
transparent, clear objects by ap- 





HIGH IMPACT ACRYEIC’S durability has opened’ new markets for the 
material in such applications as (clockwise): shoe heels, photographic 


tanks, motorboat steering wheels, 








shrouds, dials, and nameplates 


plying heat and pressure in molds 
that are of the desired shape. 

3) A third method involves the 
polymerization of acrylic esters 
in organic solvents. A large range 
of solvents has been used for the 
preparation of soluble polymers, 
the properties of which permit 
application in coating, adhesive, 
and lubricating oil compositions. 
By using different esters and 
combinations of esters, and modi- 
fications in the polymerization 
conditions, polymeric compositions 
having various solubilities result. 
These produce films ranging from 
hard, brittle to soft, tacky. 

4) By using emulsion polymer- 
ization techniques, a fourth type 
of polymer system has been made 
available. These stable disper- 
sions of discrete particles of acry- 


LENS DIFFUSERS of in- 
jection molded acrylic 
give uniform shadow-free 
lighting. Luminous ceiling 
of drafting room provides 
ideal working conditions 


lic polymers may form films on 
drying. Depending upon the par- 
ticle size of the polymer as well as 
upon its chemical composition, 
durable films may be obtained 
with varying hardness and tack. 
Reports have been published of 
methyl methacrylate and iso- 
propyl! acrylate polymers of regu- 
lar configuration. Both the amor- 
phous and crystalline forms pos- 
sess physical properties which are 
different from those of the con- 
ventional polymer. 

Nitriles: Acrylonitrile monomer 
is readily available from multiple 
sources. The monomer is a liquid 
capable of ready polymerization, 
and is reactive by virtue of both 
its carbon-to-carbon unsaturation 
and its nitrile function. Polymer- 
ization, which may be effected in 


LARGE INDUSTRIAL 
SIGN, lighted inter- 
nally, uses white trans- 
lucent acrylic sheet for 
the background with 
raised letters in a vivid 
contrasting color 


aqueous suspension or in solution, 
provides the basic material for 
the preparation of fibers. Poly- 
acrylonitrile is soluble in such 
solvents as dimethyl formamide, 
ethylene carbonate, tetramethyl- 
ene sulfone, and aqueous solu- 
tions of thiocyanate salts, and 
may be formed into fibers by ex- 
truding a polymer solution into a 
coagulating bath such as water. 
Polyacrylonitrile may also be 
hydrolyzed with acid, caustic, or 
ammonia to form water-soluble 
hydrolysates as indicated previ- 
ously in the discussion of poly- 
meric acrylic salts. Acrylonitrile 
is not amenable to bulk polymer- 
ization, since the polymer is in- 
soluble in the monomer. Acrylo- 
nitrile is useful in copolymer 
systems to improve such proper- 
ties as solvent resistance and 
hardness. Examples include co- 
polymers of acrylonitrile with 
butadiene, styrene, and vinyl 
chloride. 

Amides: Acrylamide and meth- 
acrylamide are available as solid 
materials. Both the monomers and 
derived polymers are susceptible 
to alkaline hydrolysis with the 
formation of ammonia and the 
corresponding acrylic salt. In ad- 
dition, the amide function can be 
modified by reaction with form- 
aldehyde to produce methylol 
acrylamide and methylene-bis- 
acrylamide; both are currently 
available. Also available is N- 
tert-butyl acrylamide. Poly- 
acrylamide has been introduced 
as an industrial flocculant. 

Alpha-halogenated esters: The 
methyl alpha-chloracrylate, de- 
rived from methyl acrylate, has 
been investigated extensively as 
a material that affords, on poly- 
merization, a hard, clear, trans- 
parent sheet with a high softening 
point and resistance to surface 
abrasion. 

Alpha-cyano esters: Methyl 
alphacyano-acrylate is a readily 
polymerizable component of ad- 
hesive formulations. 

The above chemical classifica- 
tion of the acrylics indicates the 
wide variety of properties that 
are obtainable with such mate- 
rials. There are many instances in 
which minor proportions of acry- 
lic monomers are useful in modi- 
fying the properties of polymer 
systems based on monomers other 
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than acrylics. The following dis- 
cussion of end uses will not in- 
clude materials made with acrylic 
monomers in minor proportions, 
such as the butadiene rubbers, 
and copolymers with vinyl chlor- 
ide and vinyl. acetate, or with 
styrene. 


Applications 

Sheets and molding powders: 
The properties exhibited by solid 
acrylic polymers, such as crystal 
clarity, high impact strength, 
formability, and resistance to sun- 
light, weather, and most chemi- 
cals, have led to widespread use 
in military and civilian applica- 
tions. The fields of usefulness 
have also been broadened by 
availability of the acrylic ma- 
terials in transparent, translucent, 
and opaque colors. 

Acrylic sheet is the standard 
transparent material for canopies, 
windows, instrument panels, and 
searchlight and landing light 


covers on aircraft. Large sheets, 
edge-lighted, are used as radar 
plotting boards in shipboard and 
ground control stations. To keep 
pace with the increasingly severe 
service requirements of pressur- 
ized jet aircraft, new grades of 


acrylic have been developed that 
have improved resistance to heat 
and crazing. The stretching tech- 
nique has made possible enhanced 
resistance to both crazing and 
shattering. 

In the general field of merchan- 
dising, acrylics have become a 
major sign material for faces and 
letters, particularly for outdoor 
use where weather resistance is 
important. In addition, acrylics 
are used for counter dividers, 
transparent demonstration models 
of household appliances and in- 
dustrial machines, display fixtures 
and cases, and vending machines. 
The ability of acrylics to resist 
breakage and corrosion, and to 
transmit and diffuse light effi- 
ciently makes them beneficial in 
industrial and architectural appli- 
cations. Industrial window glazing, 
safety shields, inspection windows, 
machine covers, and pump com- 
ponents are some of the uses 
commonly found in plants and 
factories. Dome skylights formed 
‘rom acrylic sheet are an increas- 
ngly popular means of admitting 
laylight through the roofs of in- 


CRYLICS 


INDUSTRIAL APPLICATIONS of acrylic molding powder are exten- 
sive, and include nameplates, control panels, instrument panels, dec- 
orative medallions, and automobile taillight and stoplight lenses 


dustrial, commercial, and public 
buildings and of private homes. 
Acrylics are employed to good 
advantage as the diffusing med- 
ium in lighting fixtures and large 
luminous ceiling areas. Shower 
enclosures and decorative parti- 
tions are other well-established 
applications. An expanding devel- 
opment is a window glazing panel 
with integrally formed louvers for 
the control of sun and sky glare. 

In molding powder form, acry- 
lics are used extensively for the 
manufacture of automotive parts, 
such as taillight and stoplight 
lenses, medallions, nameplates, 
dials, instrument panels, and sig- 
nal lights. The beauty and dura- 
bility of molded acrylic parts have 
led to their wide use for name- 
plates, control knobs, dials, and 
handles on all types of home ap- 
pliances, for pen and pencil bar- 
rels, and personal accessories such 
as hairbrush backs. Covers for 
fluorescent street lights, jukebox 
panels, TV implosion shields, and 
other large-section moldings are 
being produced from acrylic pow- 
der. The extrusion of acrylic 
sheet from molding powder is 
particularly effective in the pro- 
duction of thin sheeting. Ex- 
truded sheets have also been 
employed with success in sign- 
lighting, glazing, partitions, and 
shower enclosures. 


Advantage is taken of the trans- 
parency, strength, light weight, 
and edge-lighting characteristics 
of acrylics in the fields of hospital 
equipment, medical examination 
instruments, and orthopedic de- 
vices. The use of acrylic polymers 
in the preparation of dentures is 
an established practice. The em- 
bedment of normal and pathologi- 
cal tissues in acrylics for preser- 
vation and instructional use is an 
accepted technique, which has 
been extended to include embed- 
ment of industrial machine parts 
as sales aids, and the preparation 
of various types of home decora- 
tive articles. 

High impact formulations: Mod- 
ified acrylic polymers have been 
prepared with high impact 
strength and toughness for such 
applications as heels of women’s 
shoes, outboard motor shrouds, 
motorboat steering wheels, piano 
and organ keys, photographic 
tanks, and instrument cases. 

Elastomers: The use of various 
members of the acrylic family in 
synthetic rubber formulations 
may be exemplified by a copoly- 
mer of ethyl acrylate with about 
5% of a chlorine-containing mon- 
omer such as chloroethyl vinyl 
ether or chloroethyl acrylate. The 
vulcanized products combine out- 
standing heat resistance and oil 
resistance, and have found widest 
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use as gaskets for automatic 
transmissions for gasoline engines. 
Vulcanizates of fluorinated acry- 
lics are said to offer advantages in 
toughness and durability. Acry- 
late-acrylonitrile copolymers are 
also being manufactured for use 
as vulcanizable elastomers. The 
use of acrylonitrile in the nitrile 
rubbers continues to offer prod- 
ucts of superior solvent resistance 
and durability. Polyblends of 
acrylonitrile-styrene resins with 
butadiene-acrylonitrile rubbers 
are used for pipes and fittings in 
industrial applications in which 
resistance to alkali and acid is re- 
quired. 

Ion exchange resins: Cation ex- 
change resins may be produced by 
the polymerization of methacrylic 
acid in the presence of cross-link- 
ing agents, such as di-vinylben- 
zene. 

Textiles: Studies of acrylic 
fibers, such as Orlon and Acrilan, 
have been concerned with modi- 
fications in molecular formulation 
to achieve greater dye receptivity, 
and mechanical modifications to 
reduce fibrilation and subsequent 
apparent color variations in dyed 
fabrics. Blends of polyacryloni- 
trile with such fibers as wool, 
rayon, and acetate provide a 
means of obtaining mixed fibers 
with the dyeability and other 
properties characteristic of the 
fiber types present in the blend. 
Certain synthetic fiber blends 
have been developed to simulate 
fur. Modification of cotton to give 
improved characteristics, such as 
fungus resistance and higher heat 
resistivity, has been achieved by 
treatment with acrylonitrile. 

Acrylics are established mate- 
rials for sizing fibers, with poly- 
acrylic acid used extensively in 
the nylon field. Acrylate disper- 
sions provide highly desirable 
types of finishes. Applied to cotton 
and rayon, they contribute a 
firmer hand, improved tensile and 
tear strength, and better abrasion 
and wear resistance. They are not 
easily removed by washing. Use 
of an acrylic backing for uphol- 
stery fabric is an _ established 
practice. Acrylic dispersions have 
also found application as binders 
for nonwoven fabrics. 

Coatings: Acrylic emulsion 
paints constitute a major expand- 
ing development. Specifically rec- 
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ommended for durability of finish, 
lack of odor, speed of drying, and 
ease of application, both the emul- 
sion and compounded paints for 
interior and exterior use in pig- 
mented formulations are avail- 
able. Some formulations have 
been suggested for use over damp 
surfaces. Exterior use over 
masonry is an expanding appli- 
cation. Acrylic automotive finishes 
represent a growing field; en- 
hanced durability and prolonged 
retention of luster are achieved, 
particularly with pastels. A ther- 
mosetting acrylic-base coating for 
appliances is also available. 

For application by either spray- 
ing or brushing, acrylic coating 
solutions in organic solvents are 
available in types that give almost 
any desired range of hardness or 
tackiness, with clarity and dura- 
bility a prominent feature. These 
acrylic coatings are for both dec- 
orative and protective uses, the 
scope of application ranging from 
protection of art treasures to 
resin treatment of raincoats. Dec- 
orative and metallized coatings 
can also be applied to plastics 
articles to enhance their appear- 
ance. Other coating applications 
include the use of water-soluble 
acrylic polymers in the thickening 
of resin-based coating formula- 
tions to a precietermined viscosity. 
In addition, such acrylic monc- 
mers as tetraethylene glycol di- 
methacrylate are used in coating 
and filling compositions, and as 
vulcanizable plasticizers in plasti- 
sol formulations. 

Paper: Acrylic dispersions are 
used for clear, greaseproof paper 
coatings, as binders for clay coat- 
ings, and as adhesives. 

Adhesives: Acrylic monomers 
find application as components of 
copolymers used in making pres- 
sure-sensitive tapes and bonding 
agents. They improve aging char- 
acteristics and adhesion. 

Leather: Acrylic dispersions are 
used in leather-finishing applica- 
tions. As a base coat for cellulose 
finishes, the acrylics produce per- 
manently flexible and strongly 
adhering coatings. When dry, these 
are no longer water-dispersible, 
but are soluble in the customary 
lacquer solvents, so that excellent 
adhesion of subsequent lacquer 
coatings is obtained. As a compo- 
nent of water finishes for leather, 








the acrylic improves adhesion, 
flexibility, and leveling of the 
finish, and can improve washabil- 
ity. Greater dimensional stability 
of drying hides is achieved by 
water-soluble acrylic pastes. 
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RESINS AND MOLDING COMPOUNDS 





ABS polymers 


y excellent. composite prop- 
erties picture of acrylonitrile- 
butadiene-styrene (ABS) poly- 
mers is responsible for their 
classification as a completely sep- 
arate and different family of plas- 
tics. They are available in a 
variety of grades suitable for all 
major methods of thermoplastic 
processing: injection molding, ex- 
trusion, calendering, blow mold- 
ing, and sheet forming. 

The resins are supplied in cube 
or pelleted form, in opaque colors 
only, or as a free-flowing powder 
for compounding uses. 

They are based on combinations 
of acrylonitrile, butadiene, and 
styrene, and are produced either 
by mechanical or latex blending 
of styrene-acrylonitrile resins 
with butadiene-acrylonitrile rub- 
bers or graft polymer rubbers; or, 
in the newer types, by polymeri- 
zation of the basic raw materials 
to form homogeneous resins. 

The early materials were first 
produced as sheet stock. These 
gradually developed into im- 
proved-flow compounds suitable 
for extruded pipe and pipe fit- 
tings and, to a lesser extent, 
molding materials for some indus- 
trial uses. These types date from 
the late 1940’s. Variations in prop- 
erties are normally achieved by 
varying mixing conditions and 
rubber-to-resin ratio, and by 


*Market Development Manager, Marbon Chem- 
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proper selection of nitrile rubber 
in regard to type, acrylo content, 
viscosity, and cross linkage. 

Later types (1953 to present) 
of ABS differ in basic structure 
but show the same high level of 
physical properties plus improved 
flow and gloss characteristics. 
These are generally described as 
terpolymers in contrast to the 
mechanical blend types. Proper- 
ties are dependent upon control 
of monomer ratios and polymeri- 
zation techniques. 

A distinction must be made be- 
tween ABS and other compounds 
which also contain styrene. The 
low practical toughness of un- 
modified polystyrene and styrene- 
acrylonitrile copolymers serves to 
separate these materials from the 
high-impact areas of ABS usage. 
Other properties also tend to 
emphasize the differences: chem- 
ical and strain resistance, high 
impact at high modulus, molded 
gloss, and the wide temperature 
serviceability of the ABS resins. 


Properties 


Although the different grades of 
ABS available cover a wide range 
of physical and process properties, 
they show in general a combina- 
tion of high impact strength, ten- 
sile strength, rigidity, and hard- 
ness, and a very broad range of 
temperature usefulness. Chemical 
resistance and electrical proper- 
ties are also very good. 

The impact resistance of ABS 


By C. R. HOLT* 


polymers is outstanding as meas- 
ured by any of the conventional 
tests: Izod, tensile-impact, or 
falling-weight. Impact fractures, 
when they do occur, are ductile 
in nature and not sharp and brit- 
tle, indicating high energy ab- 
sorption before rupture. The prac- 
tical significance of this is that 
toughness is not radically affected 
by orientation, molded-in strain, 
moisture content, etc. Overheat- 
ing of the resin during processing 
must be avoided, however, to ob- 
tain maximum impact. 

A comparison of notched Izod 
versus’ tensile-impact values 
shows the ABS polymers to rank 
high on both types of tests, indi- 
cating a relatively low sensitivity 
to notch effects. 

The maintenance of high impact 
values at low temperatures is 
characteristic and the impact- 
temperature curve of a typical 
ABS (Fig. 1, below) is straight 
and rather flat, indicating excel- 
lent resistance to embrittlement 
with no sharp transition in tough- 
ness. 

High impact resistance alone is 
no indication of a tough and use- 
ful plastic. It must be accom- 
panied, among other properties, 
by high modulus. Good rigidity 
provides an excellent strength/ 
weight ratio and allows the use of 
the thinnest possible section for 
maximum support strength. A 
comparison of the modulus figures 
of a variety of high impact ther- 


FIG, 1 (left): Impact-temperature curve for typical ABS (for Type 1A pipe) shows excellent resistance 
to embrittlement with no sharp change in impact with temperature. FIG. 2 (right): When flex- 
ural strength of ABS is plotted against temperature, the same flat curves as in Fig. 1 show up again 
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TYPES OF ABS PLASTICS .. . AND THEIR USES 





Trade designation Description and special features 


B. F. Goodrich Chemical Co. 


Abson 89001 


Abson 89003 


For extruding sheet and profiles. Ex- 
ceptional ease of processing and heat 
forming, even at high elongations 
and short cycles. Products have 
glossy surfaces, low residual shrink- 
age, and excellent impact strength 


Easy processing for extrusions with 
high tensile strength, stiffness, good 
impact strength. Also for injection 
molding where toughness is needed 


Excellent flow for thin-wall injection 
molding and high-gloss extrusions 
in short cycles. High impact at low 
temperatures 


Marbon Chemical, Div. of Borg-Warner Corp. 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


Cycolac 


H 


For superior impact strength over a 
wide temperature range in injection 
molded parts. Suitable for extruded 
sheet which can be readily vacuum 
formed 


Maximum toughness at low tem- 
perature. For intricate profile ex- 
trusion, for calendered and for press 
polished rigid sheet 


Maximum toughness with high mod- 
ulus. For extruded or calendered 
sheet of high impact, hardness, and 
rigidity. Excellent surface charac- 
teristics. Very good forming proper- 
ties 


Maximum toughness with high mod- 
ulus. For injection molding applica- 
tions needing high impact, hardness, 
and rigidity with excellent appear- 
ance 


Maximum toughness with high mod- 
ulus. For profile extrusion of shapes 
of high impact, hardness, and rig- 
idity. Excellent extrusion control 


For toughness with maximum hard- 
ness and tensile strength. Offers 
superior flow for injection molding 
of appearance parts with high sur- 
face gloss 


High resistance to heat deflection. 
Has good process characteristics 
with good impact, high modulus, and 
excellent resistance to heat distor- 
tion or deformation 


Semi-flexible 
profile 


resin for extruded 


For use in ABS Type I rigid plastic 
pipe. Good flow, appearance, high 
impact, with very good long term 
fiber stress 


For use in ABS Type IA rigid plas- 
tic pipe. Excellent process proper- 


Trade designation 


Cycolac C 


(All Cycolac’s 


Blendex I 


Blendex II 


Blendex III 


(All Blendex 


Description and special features 





ties and outstanding long term fiber 
stress. Displays a maximum of im- 
pact strength even at low tempera- 
tures 


For use in ABS Type II rigid plas- 
tic pipe. Has good process proper- 
ties, high rigidity, and a high level 
of long-term fiber stress 
available in cube form) 


Formerly Cycolac L powder. For 
blending with PVC resins for im- 
proving calendering and _ sheet 
forming and to provide high im- 
pact. Rigid and semi-flexible sheet 


For blending with PVC resin to im- 
prove calendering and sheet form- 
ing and to provide high impact at 
maximum modulus. Rigid and semi- 
flexible sheet. 


For blending with PVC resin to im- 
prove calendering and sheet form- 
ing, and to provide high impact even 
at low temperatures. Compatible 
and efficient with a variety of PVC 
resins. Rigid and semi-flexible sheet 
resins in powder form) 


Monsanto Chemical Co. 


Lustran I 
Class 1 


Lustran I 
Class 2 


Lustran I 
Class 3 


Lustran I 
Class 5 


Injection molding. Chemical resist- 
ant, exceptional impact strength, 
flexural strength, creep resistance, 
and rigidity over a broad range of 
use conditions, high gloss, excellent 
color stability, processing stability 


Sheet extrusion. Chemical resist- 
ant, exceptional impact strength, 
good flexural strength, creep resist- 
ance, good rigidity, high gloss, excel- 
lent color and processing stability 


Injection molding. Chemical resist- 
ant, good creep resistance, and 
rigidity, high gloss and processing 
stability 


Injection molding. Chemical resist- 
ant, excellent creep resistance, and 
rigidity, high gloss and processing 
stability 


Naugatuck Chemical, Div. of U.S. Rubber Co. 


Kralastic MH 


Kralastic MV 


Kralastic MM 


Fast flow, very high impact, chemi- 
cally resistant. Excellent moldability 
and extrudability, high gloss, good 
finish, fast molding, high extrusion 
rates 


Fast flow, super impact, chemically 
resistant. Excellent moldability and 
extrudability, high gloss, good finish, 
fast molding, high extrusion rates 


Normal flow, high impact, chemically 
resistant, heat resistant. Exceptional 
stiffness and rigidity, high abrasion 
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Trade designation Description and special features 


Trade designation Description and special features 





Kralastic SS 


Kralastic K-2938 


resistance, excellent dimensional 
stability, very low creep deforma- 
tion. Good molding properties 


Normal flow, high impact, chemically 
resistant, heat resistant. High stiff- 
ness and rigidity, good abrasion re- 
sistance, excellent dimensional sta- 
bility, very low creep deformation. 
Good sheet extrusion and molding 
properties 

Exceptionally high heat resistance, 
good flow, high abrasion, rigidity, 


Kralastic W 


Kralastic K-2516 








and dimensional stability 


Kralastic B General 


purpose pipe 


compound, 


normal flow, super impact, chemi- 


cally resistant. Extrudes easily into 


Kralastic K-2540 


pipe with good surface properties 


Kralastic HTHT 


flow, high 


High tensile pipe compound, normal 
impact, heat resistant. 





Extrudes easily into pipe. Excep- 
tional stiffness and rigidity, high 
abrasion resistance, excellent di- 
mensional stability, very low creep 
deformation 


Super impact pipe compound for 
high and low temperature perform- 
ance. Excellent long term creep 
characteristics. Extrudes easily into 
pipe with good surface properties 


Super impact, normal flow, chemi- 
cally resistant sheet compound. Ex- 
cellent formability, ease of extrusion 
and calendering. Good for leather 
type applications 

Super impact, fast flow, chemically 
resistant sheet and molding com- 
pound. Calenders and extrudes well. 
Good for leather type applications 








moplastics, for example, shows 
the ability of ABS to provide 
structural stiffness in small cross- 
sections. This is most important 
in utilizing the high toughness at 
lowest possible cost. Here again, 
ABS shows. remarkably flat 
curves (Fig. 2, p. 147) when ten- 
sile, modulus, or flexural strength 
is plotted against temperature. 
Dimensional stability at high 
temperatures is also desirable. 
ABS polymers all show (Fig. 3, 
below) excellent resistance to 
heat distortion under load: the 
decrease in temperature required 
to produce a given deflection, as 
loading is increased, is small. 
Aside from the weight support 
problem at elevated temperatures 
is the consideration of dimensional 
stability. These plastics do not 
have a sharp softening point or 
high nerve. Formed parts may 
soften gradually at temperatures 
above the heat deflection point but 
generally will maintain shape and 
dimensions to a remarkable de- 
gree where external load is light. 
Hardness or mar resistance of 
the ABS plastics is generally 
good. In many applications, par- 
ticularly in sheet-formed parts, an 
embossed surface is used to pro- 
vide both eye appeal and to re- 
duce the effects of scuffing. 
Time-dependent properties of 
reep, fatigue, and stress-crack 
esistance vary with the particu- 
iu ABS grades. 
Resistance to creep or cold flow 
normally good and selected 
lymers will show very low 
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deformation under’ long-term 
loading. ABS rigid pipe, for ex- 
ample, shows very low cold flow 
under sustained pressures in long 
service. 

Chemical resistance—in terms 
of softening, swelling, and discol- 
oration—is good and various ap- 
plications have taken advantage 
of this. Refrigerator inner door 
panels, where the plastic must re- 
sist attack by the Freon blowing 
agent used in the expanded foam 
insulation, are typical. Excellent 
lacquer acceptance is due, in part, 
to the latitude of solvents permit- 
ted the lacquer formulator be- 
cause of the resistance of ABS 
to stress cracking and chemical 
attack. Dimensionally stable parts 
for use in wet conditions are 
readily produced. Telephone 
housings and handsets in ABS 
resist staining and discoloration 
from cosmetics. 

Conventional finishing tech- 
niques can be used on ABS parts 
and such operations as buffing, 
punching, drilling, etc., are easily 
done. Paints and lacquers of a 
wide variety can be used with 
proper selection dependent upon 
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intended service. Vacuum metal- 
lizing of molded parts is very 
common, particularly for the au- 
tomotive industry. Here the hard 
surface, good gloss, chemical re- 
sistance, and high heat behavior 
of the plastic allow smooth fin- 
ishes with good adhesion. 
Excellent bonds of ABS to it- 
self are obtained by solvent weld- 
ing with ketones. Cementing to 
dissimilar materials can be accom- 
plished with commercially avail- 
able epoxy or phenolic adhesives, 
permitting varied applications. 


Processing 


The ABS resins can be injec- 
tion molded on standard presses 
and tools, and extruded into pro- 
file, pipe, and sheet on conven- 
tional equipment. Calendering and 
sheet forming properties are gen- 
erally excellent. 

Although each grade of resin 
possesses specific processing char- 
acteristics—the major difference 
usually being that of flow—all 
ABS plastics have the same gen- 
eral pattern of behavior. The im- 
portant considerations are pre- 
dry, control of stock temperature, 










FIG. 3: ABS poly- 
mers show excellent 
resistance to distor- 
tion under heat and 
load; heat distortion 
temperature range 
~ between low and 
225 300 high load is small. 


and provision for adequate flow 
of the material in the equipment. 

Adequate and thorough pre-dry 
of the pellets is very important. 
In efficient tray dryers, a pre-dry 
period of two to three hours at 
175 to 200° F. is indicated. Agita- 
tor-equipped hopper dryers or 
dry-air equipment will reduce 
this time. Where humidity is high, 
it is advisable to dehumidify the 
air used in the process. 

None of these materials have a 
sharp melting point but soften 
gradually as the temperature is 
increased, This softening range is 


broad and the ABS polymers 
never melt to a highly fluid con- 
dition. 


In injection molding, runners 
and gates should normally be 
generous, depending upon the to- 
tal flow required and the ratio of 
volume to surface area of the part. 
Gates should be rounded and 
streamlined, preferably widened 
at the cavity and with the short- 
est possible land length from the 
end of the runner. The gate is 
normally located at a heavy sec- 
tion of the part, not flush with a 
finished surface. Resin flow should 
be directed against a cavity wall, 
shoulder, pin, etc., to prevent jet- 
ting. 

Edge gating is very common, 
often in the form of tab gating. 
Sprue gates are normal for very 
large parts. Submarine gating 
works well on rather small items. 

High mold temperatures (130 to 
180° F.) are used and cycle times 
are usually short due to the 
fast freeze characteristics. Mold 
shrinkage is from 0.3 to 0.5 per 
cent. Stock temperature in normal 
molding operations may be in the 
range of 400 to 475° F. 
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TYPICAL of expanding 
new markets for ABS ma- 
terials is the adoption by 
Remington Rand of a 
complete typewriter hous- 
ing molded of ABS. Inte- 
gral color, smooth, glossy 
finish, toughness, and de- 
sign flexibility were 
reasons for the switch 


Successful extrusion depends 
upon sufficient pre-dry of the 
resin and selection of the proper 
screw. A single flight, full-flight 
screw is normally used with total 
heat controlled to hold stock tem- 
peratures in the 375 to 450° F. 
range, depending upon the part. 
Sufficient screw flight depth, ade- 
quate power, and 20:1 or better 
L/D barrel ratio will provide good 
production rates without over- 
heating of the resin. 

Production calendering is nor- 
mally done up to a single ply 
thickness of 0.062 in., with heavy 
gages produced by press polish- 
ing. Roll temperatures of 320 to 
370° F. are common. Graining 
press rolls are often used to em- 
boss the stock at temperatures of 
275 to 300° F. or higher, depend- 
ing upon the heats needed in any 
subsequent vacuum forming op- 
eration. 

In the forming of ABS sheet, 
the material must be dry and 
of uniform thickness. Pre-heat 
should be uniform for even pull. 
Proper sheet temperature ranges 
from 250 to 375° F., depending 
upon the grade of polymer. Con- 
ventional techniques are em- 
ployed. 

Reprocessing of scrap that has 
not been heat degraded is readily 
done and work-away of reground 
trim, short shots, etc., usually 
presents no problem. 


Applications 


ABS pipe is used extensively 
for municipal water services, 
sprinkler systems, oil field instal- 
lations, natural gas transmission, 
water wells, irrigation, and elec- 
trical conduit. 

Automotive uses include sheet- 


formed pillar posts and seat well 
covers, hinge covers, and kick 
panels. Injection molded arm rests 
are produced both in colors and 
metallized. Electrical connectors, 
turn signal housings, bezels, and 
instrument clusters are produced 
in ABS. These applications call 
for excellent resistance to heat 
distortion, high impact, rigidity, 
and paintability. 

An outstanding development 
has been the use of molded ABS 
for typewriter housings. 

Sheet-formed door panels, cov- 
ering an insulation of expanded 
polystyrene, have proven very 
successful in service for refrig- 
erated railroad cars. 

Power mower shrouds and seats 
are vacuum formed. Lawn sprink- 
ler heads and timing devices are 
injection molded. 

Luggage shells are formed from 
grained ABS sheet. 

Electrical switch housings, 
flame-proofed on the back, are in 
production. 

Specific grades of resins, rec- 
ognized by FDA as nontoxic, are 
available for uses involving con- 
tact with foods. 

Special types of ABS resins are 
also used in the compounding of 
rigid and semi-rigid PVC sheet 
to improve calenderability, form- 
ing characteristics, and physical 
properties. 

The blow molding characteris- 
tics of ABS promise activity in 
this field. They maintain parison 
shape in large sections; show 
good weld strength, fast mold 
freeze, and good gloss; are print- 
able and paintable; and have good 
rigidity in thin sections. 
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By J. T. LONG* 


M aterials classified as alkyd 
molding compounds are formu- 
lated from polyester resins and 
are characterized by excellent arc 
and heat resistance, dielectric 
qualities, and dimensional sta- 
bility. They contain no highly 
volatile monomer, so they can 
usually be transported, stored, and 
handled in the same manner as 
conventional thermosetting com- 
pounds. 

Alkyds are primarily used as 
insulation in electrical applica- 
tions. However, the development 
of a variety of alkyd materials 
over recent years has widened this 
field to encompass electronic, 
power circuit, and automotive ig- 
nition applications. 

Alkyd molding compounds can 
be divided into three types, clas- 
sified by physical form before 
molding: granular, putty, and 
glass-reinforced. These differ- 
ences extend to the selection of 
filler and thus to the mechanical 
strength of each, as well as the 
molding method to be used when 
processing them. 


Granular types 

Mineral or modified mineral 
fillers can be used to compound 
the free-flowing granular mate- 
rials. They have the same fast 
curing characteristics and low- 
pressure requirements common to 
all alkyd materials and, due to 
their physical form, they are very 
well suited for high-speed, fully 
automatic, or semi-automatic 
molding operations. Compounds 
are available within this group 
which are self-extinguishing, and 
some have improved high hu- 
midity performance. 

One of the major electronic ap- 
plications for granular alkyd com- 
pounds is vacuum tube bases. The 
high dry-insulation resistance of 
the material is particularly useful 
in special tube bases where the 
electrical leakage between pins 
must be kept at a minimum. Other 
uses for granular-type alkyd in- 


* Tech. Service t., Allied Chemical Corp., 
Plastics Div., Toledo, Ohio. 


ALKYD MOLDING COMPOUNDS 


Alkyd molding compounds 


clude automobile ignition systems, 
where retention of good dielectric 
characteristics at relatively high 
temperatures is a factor, radio and 
television components, trans- 
former boards, and small switch- 
gear. 


Putty types 

Alkyd putty has found wide- 
spread use in one major applica- 
tion: encapsulation of small elec- 
tronic components by molding. 
Putty-like materials are available 
for the encapsulation of resistors, 
capacitors, coils, transformers, and 
other small electronic devices 
where delicate inserts are to be 
molded within an exterior pro- 
tective shell. 

This specific use of alkyd putty- 
type material has become espe- 
cially popular because of its ex- 
cellent electrical and thermal 
properties which result in high 
functional efficiency of the unit in 
a minimum space, and its low- 
pressure molding characteristics 
which prevent distortion of the 
subassembly during molding. 
Usually, this alkyd type is ex- 
truded into ribbons prior to the 


molding process,.and ordinarily is 
molded in lightweight, air-oper- 
ated arbor presses. 


Glass-reinforced types 


Fibrous glass and other fibrous 
fillers are used in alkyd com- 
pounds for the molding of larger, 
heavy-duty parts where a com- 
bination of high strength, superior 
dimensional stability, good elec- 
trical properties, and heat resist- 
ance is required. They can be 
plunger or compression molded. 

This alkyd type found initial 
success in defense equipment ap- 
plications, where its high impact 
strength permitted parts molded 
of it to operate effectively under 
the shock conditions caused by 
gunfire. Commercial applications 
now include computer compo- 
nents, circuit breakers, signal light 
and fuse holders, motor end bells, 
rocker rings, and blower housings, 
as well as various types of switch- 
gear components. 


Alkyds in general 

All alkyds are characterized in 
their molding behavior by at least 
three very significant features: 


ELECTRICAL APPLICATIONS such as this relay used in an aircraft 
electric system are a natural for alkyd molding compounds 












1) No liberation of volatiles 
during the cure. 

2) Extremely free flow of the 
resin binder. 

3) Fast cure at molding tem- 
peratures, 

As a result of this behavior, a 
straight mold close without 
“breathes” is used. Free initial 
flow indicates the use of positive 


or semi-positive molds rather than 
the flash types. Complete cure can 
be effected at recommended 
molding temperatures in periods 
as short as 15 sec. for small parts 
with thin cross-sections; molding 
pressures can be as low as 500 
p.s.i. for general-purpose mate- 
rial, up to 2000 p.s.i. for impact 
grades. Typical molding tempera- 


tures when processing these ma- 
terials is around 300° F. 

Consult the Subject Index for 
additional information on alkyd 
molding compounds. See also the 
Plastics Properties charts for in- 
formation on properties and trade 
designations. For sources of al- 
kyds, see the Directory Index, p. 
1060. 





TABLE |: Properties of three types of alkyd molding compounds 





Properties 


Molding properties 
Bulk factor 
Mold temp., °F. 
Molding pressure, p.s.i. 
Mold shrinkage 


(cold piece from 
cold mold), in./in. 


Properties of molded piece 
Physical 


Specific gravity 


Water absorption, 24 hr. @ 23° C., % 


Heat resistance, max., °F. 
Long periods 
Limited periods 
Short periods 
Heat distortion temp., 264 psi, °F. 
Coefficient of linear thermal 
expansion/*F. 
Thermal conductivity, 
g-cal/(sec.) (cm.?) (°C./cm.) 
Flammability 


Mechanical 


Impact strength, Izod 

ft.-lb./in. of notch 
Compressive strength, p.s.i. 
Flexural strength, p.s.i. 
Tensile strength, p.s.i. 
Modulus of elasticity, p.s.i. 
Barcol hardness 


Electrical 


Are resistance, sec. 
Dielectric constant 
60 cycles 
1 megacycle 
Dissipation factor 
60 cycles 
1 megacycle 
Dielectric strength, v./mil 
Short time 
Step-by-step 


A.S.T.M. test 


method 


Granular 





D792-50 
D570-57T 


2.17-2.20 
0.05-0.08 


275 

300 

325 
350-400 


10-30Xx10°¢ 


15-25 <10"4 
Non-burning 


0.30-0.35 
16,000-20,000 
6,000-9,000 
3,000-4,000 
2.1-2.6<10¢ 
60-70 


180 plus 


5.7-6.2 
4.7-5.0 


0.040-0.050 
0.017-0.020 


350-400 


2.05-2.15 
0.10-0.15 


350-400 


10-3010" 


15-25<10°4 
Non-burning 


0.25-0.35 
20,000-25,000 
8,000-11,000 
4,000-5,000 
2.0-2.7<10 
60-70 


180 plus 


5.4-5.9 
45-4.7 


0.030-0.045 
0.016-0.022 


350-400 
300-350 


0.001-0.004 


2.02-2.10 
0.07-0.10 


> 
10-30<10°¢ 


8-12.10 
Non-burning 


8-12 
24,000-30,000 
12,000-17,000 

5,000-9,000 
2.0-2.5<108 
70-80 


180 plus 


5.2-6.0 
4.5-5.0 


0.020-0.030 
0.015-0.022 


350-400 
300-350 
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M..: common use of the allyl 
resins is as a molding material 
(when compounded with filler 
and catalyst) for electrical and 
electronic compenents which are 
subjected to extreme environ- 
mental conditions. Other impor- 
tant uses are in the production of 
fibrous-glass reinforced industrial 
laminates and for decorative lam- 
inates. The principal allyl resins 
are prepolymers of diallyl phthal- 
ate (eg., Dapon’) and diallyl 
isophthalate (e.g., Dapon M)’). 
These thermosetting resins cure 
with peroxide catalysts by addi- 
tion polymerization to highly 
cross-linked, heat- and chemical- 
resistant products with excep- 
tional insulation properties and 
dimensional stability. 

Compression and transfer mold- 
ing compounds are produced in a 
full range of colors, including 
pastel shades, which are stable at 
elevated temperatures and qualify 
for use under rigid military spe- 
cifications. 

Industrial laminates are char- 
acterized by the same excellent 
strength and electrical property 
retention after prolonged periods 
of exposure to high heat and 
humidity. They are fabricated by 
simple techniques at low pressures 
from stable prepreg compounds 
which can be readily formulated 
to meet product requirements. 

Decorative laminates based 
upon diallyl phthalate resin have 
beauty coupled with impact-, ab- 
rasion-, and chemical-resistance, 
and dimensional stability. 

Diallyl phthalate (DAP), diallyl 
isophthalate, and diallyl chloren- 
date monomers are used as ad- 
juncts with the prepolymers. 


Chemistry 


Diallyl phthalate resin is a rel- 
atively linear partial polymer of 
diallyl phthalate (Cs Hi (CO: CH: 
CH: CHe)s. This resin is a dry, 
free-flowing white powder which 
is soluble in most common sol- 
vents. Under heat and pressure, it 





“Technical Director, Dapon Dept., Food Ma- 
hine & Chemical Corp., 161 E. 42 St., 
New York 17, N. Y. 

cl amas of Food Machinery & Chemi- 
al Corp. 

References were prepared by the editors. 
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Allyl resins and monomers 


softens and flows (as in molding 
and laminating) and cross-links 
to a three-dimensional insoluble 
thermoset resin. Unlike mela- 
mines, ureas, and phenolics, the 
polymerization and cross-linking 
proceed by an addition reaction 
without evolution of gases or 
water vapor (no loss of weight 
during cure). Common peroxide 
catalysts are effective but tertiary 
butyl perbenzoate is preferred. 

Thus, the entire backbone struc- 
ture of the fully cured polymer is 
hydrocarbon in nature, including 
the cross-links. The freedom from 
ester linkages along the chain 
backbone contributes to the ob- 
served resistance to extreme envi- 
ronmental conditions of heat, hu- 
midity, and chemicals. 

Diallyl phthlate prepolymer is a 
storage-stable resin which does 
not further polymerize at room 
temperature even when mixed 
with catalyst. At molding temper- 
atures, however, polymerization 
(cure) is normal and rapid. Thus, 
storage stability of compounded 
molding material prepregs for in- 
dustrial laminates or impregnated 
papers for decorative laminates is 
almost indefinite. Samples have 
been stored successfully for as 
long as five years. 


In forming the prepolymer, 
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shrinkage has been substantially 
completed. In the change from 
prepolymer to fully cured resin, 
which occurs during final proces- 
sing, very little additional shrink- 
age takes place. 

Diallyl isophthalate prepolymer 
is used where molded pieces or 
industrial laminates of - still 
greater heat resistance are re- 
quired. All other properties are 
practically unchanged. 

Diallyl phthalate, diallyl iso- 
phthalate, and diallyl maleate 
monomers have found use as 
cross-linking agents to increase 
heat resistance and improve phys- 
ical properties when used as a 
replacement for styrene in un- 
saturated polyesters. Diallyl chlo- 
rendate is a difunctional monomer 
containing 45% chlorine. It co- 
polymerizes with polyesters and 
diallyl phthalate prepolymer res- 
ins to form stable molding mate- 
rials with great flame-resistance 
and the excellent electrical and 
physical properties of the unmodi- 
fied resins. 


Processing 


Molding compounds are formed 
by thoroughly mixing prepolymer 
resin (either ortho or isophthal- 
ate) with monomer, catalyst, pig- 
ment, and filler. Compounds are 


INSULATORS molded of diallyl phthalate-based compounds (shown 
below at open ends of disconnected unit) maintain high electrical 
ratings, although half the size of parts they replace, and give im- 
proved environmental immunity to line of circuit-breaking electrical 
connectors now used in many standard applications 














available which contain mineral 
(asbestos), short or long fibers of 
glass, Orlon or Daeron, alpha- 
cellulose, or combinations of fillers 
required to impart specific proper- 
ties in the finished molded article. 
Flame-proofed compounds are 
also available. 

For industrial laminates, pre- 
pregs are made by saturating glass 
cloth with a solution containing 
prepolymer, monomer, catalyst, 
and inert filler if desired. A stable, 
storable prepreg suitable for bag 
or compression molding is ob- 
tained; formulations can be tai- 
lored by suppliers to laminators’ 
processing techniques. 

Decorative laminates use over- 
lay and printed pattern papers 
which have been saturated with a 
solution of resin prepolymer and 
catalyst. 


Properties 

Typical properties of diallyl 
phthalate molding compounds are 
given in Table I, below. 

The excellent characteristics 
shown in molding compounds are 
shared by the industrial and deco- 





rative laminates. Heat resistance 
in continuous service is outstand- 
ing even for thermosetting resins, 
reportedly ranging from 350 to 
400° F. for diallyl phthalate com- 
pounds and from 450 to 500° F. 
for diallyl isophthalate resins. 
Electrical properties are excellent 
(insulation resistance, low loss 
factor, arc resistance) and remain 
stable even under conditions of 
high heat and humidity. Chemical 
resistance also is excellent. As a 
result, water absorption is low and 
dimensional stability is excellent. 
A molded piece submerged in oil 
at 300° F. for 120 hr. was unaf- 
fected in appearance, weight, or 
dimension. 

Diallyl phthalate resin moldings 
are well-known and widely used 
in the electronics field. The most 
sought-after properties of the 
molding resins are very low mois- 
ture absorption with excellent 
electrical properties. The stability 
of these filled compounds under 
varying humidity conditions and 
at elevated temperatures allows 
them to meet very tight specifica- 
tions for electrical properties. 








Their chemical inertness with 
metals, coupled with negligible 
post-molding shrinkage, makes 
complex insert molding possible. 

Currently, many connector and 
potentiometer manufacturers use 
diallyl phthalate for cases, bodies, 
and, in one instance, as a conduc- 
tive plastic element in a potenti- 
ometer. Other uses are being 
found in colored appliance handles 
which resist color changes at el- 
evated temperatures. Impact 
strengths up to 6 ft. lb./in. of notch 
are obtained by using long glass 
fibers as the reinforcement. 

Diallyl phthalate compounds 
can be molded using normal 
transfer and compression molding 
techniques. Compounds soften and 
flow readily; temperatures be- 
tween 275 and 325° F. produce 
pieces with excellent gloss and 
mold fill-out. Hot strength and 
mold release are excellent. 


Insulating varnishes 


Recent development of insulat- 
ing varnishes based on a diallyl 
phthalate prepolymer has made 
possible the introduction of the 








TABLE |: Typical properties of diallyl phthalate. . . 





Diallyl phthalate 





Short 








Very long 
Filler: Orlon Dacron glass Cellulose Asbestos Mineral Long glass glass 
Mil. Spec. MIL-M- MIL-M- MIL-M- MIL-M-14 MIL-M-14 MIL-M-14 MIL-M- MIL-M- 


18794 


Type SDI-5 






Dielectric constant, 4.0 
1 ke. 
Arc resistance, sec 140 





Dissipation factor, 0.020 
1 ke., dry 

Flexural strength, 10,500 
p.s.i. 

Flexural modulus, 0.71 X 10 
p.s.i. X 106 

Compressive strength, 30,000 
p.s.i. 

Impact strength, ft.- 1.2 
ib. /in. of notch (Izod) 

Mold shrinkage, 0.009 
in. /in. 

Post-mold shrinkage 0.001 
(lifetime) in. /in. 

Water absorption, 0.2 
50° C. in 48 hr., % 

Heat distortion point, 265 

F. 

Continuous heat resis- 350 

tance 


18794 18794 





SDI-30 SDG MDG 
3.6 4.3 6.5 3.9 
125 125 140 140 


Flame-resistant grades are available in both dially! phthalate and diallyl isophthalate molding compounds. 





MDG 


19833 19833 











MDG GDI-30 GDI-30 





3.9 4.1 4.5 


140 195 140 





0.008 0.004 0.045 0.039 0.039 0.004 0.009 
12,000 11,000 9,000 10,000 10,000 17,000 22,000 
064X110 13X10 — 1.2 X 10 12X10 1.2510 14X10 
30,000 26,000 30,000 25,000 25,000 29,000 28,500 
4.5 0.8 0.4 0.4 0.4 6.0 8.0 
0.010 0.002 0.007 0.006 0.006 0.002 0.002 
0.0006 0.0005 0.001 0.001 0.001 0.0007 0.0005 
0.2 0.1 _ 0.2 0.2 0.2 0.27 
290 350 325 325 325 392 400 
400 450 450 450 450 450 400 
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resin’s desirable properties to 
coating, sealing, dip encapsula- 
tion, and laminating applications. 
Cured resin coatings offer excel- 
lent resistance to moisture, chem- 
icals, corrosive gases, fungus, 
weathering, and aging over a wide 
temperature range. They show 
particular promise for protective 
coatings on capacitors, resistors, 
transformers, form-wound coils, 
motor windings, transistors, di- 
odes, and similar parts. 

A typical diallyl phthalate coat- 
ing is applied by dipping the 
selected part in a resin-solvent 
solution, drying to remove solvent, 
and baking to cure. Coating thick- 
nesses are adjusted during the 
dipping operation by altering the 
solvent solution. After drying, the 
coatings exhibit very low run-off 
or dripping characteristics which 
offer advantages over use of mate- 
rials that remain liquid or tend to 
drip during cure. 


DAP for laminates 


The use of diallyl phthalate 
preimpregnated fibrous glass 
cloths has also increased mark- 





edly in the last year or two. The 
aircraft industry, in particular, 
has used pieces bag-molded from 
diallyl phthalate prepregs where 
performance requirements are ex- 
ceptionally high. Curing is usually 
accomplished in a hot-air con- 
vection oven at about 300° F. at 
pressures as low as 15 p.s.i. Pieces 
thus produced are light, strong, 
and can be machined, drilled, and 
painted for finishing. They have 
high heat resistance and dimen- 
sional stability. Plaster molds are 
commonly used where the shape 
of the piece makes withdrawal 
difficult—the plaster is simply 
broken out. Matched metal dies 
are used with diallyl phthalate 
prepregs when the number of 
pieces merits the cost. 

Parts thus produced include 
tubing, ducting, radomes, junction 
boxes, and aircraft and missile 
parts where the combination of re- 
sistance to heat and chemicals and 
excellent electrical characteristics 
is needed. 

Diallyl phthalate is a unique 
and versatile surfacing medium 
for a wide range of core materials, 








and isophthalate prepolymer molding compounds 





Dially! isophthalate 





Short glass 


Asbestos 
MIL-M-18794 


MIL-M-14 





MDG 
4.12 4.0 
180 190 
0.004 0.031 
15,000 13,000 
13 X 10 1.2 X 10 
30,500 32,000 
1.2 0.5 
0.002 0.006 
0.0002 0.0007 
0.1 0.45 
450 450 
500 500 





Mineral 
MIL-M-14 


Long glass 
MIL-M-19833 


MDG GDI-30 
4.0 3.8 
190 180 
0.031 0.004 

13,000 19,000 

1.2 X 10 1.4 X 10 

32,000 29,500 
0.5 9.0 
0.006 0.002 

0.0007 0.0002 
0.45 0.11 
450 490 
500 500 
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including hardboard, particle 
board, and plywood. 
Diallyl phthalate laminated 


surfaces are used by the furniture 
and paneling industries. In one 
fabricating technique, the resin is 
impregnated into a paper stock 
and dried. This saturated paper is 
then layed up on plywood, hard- 
board, or particle board; with flat 
surfaces at 300 to 350° F. and 100 
to 200 p.s.i, the resin will soften 
and flow. The result is a hard, in- 
soluble surface, permanently 
bonded to the core, that will resist 
moisture, alcohol, heat, cold, and 
abrasion. The paper may be clear 
or printed in any number of pat- 
terns. 

By using the overlay paper on 
cores surfaced with true wood 
veneers, extremely attractive 
finishes are obtained, which en- 
hance and protect the original 
beauty of the wood grain. 

Diallyl phthalate-impregnated 
decorative sheet and overlay are 
available in large orders for about 
$0.10 and $0.07/sq. ft. respec- 
tively and cost around $0.05/sq. 
ft. to laminate (1961 prices). 

Approximate cost of DAP lami- 
nating, therefore, is as follows: 








¢/sq. ft. 
Overlay 7 
Decorative paper 10 
Balancing sheet 2 
Cost of laminating 5 


Cost of laminate 24 


Total cost is cost of laminate 
plus cost of core stock and will 
vary depending on the specified 
core stock. Allocations of over- 
head — including depreciation, 
equipment and building mainte- 
nance, and indirect labor—vary 
significantly from plant to plant. 


DAP for polyesters 


Diallyl phthalate is widely used 
as a cross-linking monomer for 
unsaturated polyesters. It is used 
in preform or mat moldings, lam- 
inating by prepreg or wet layup, 
and in premixes. Usage ranges 
from 11 to 50% of the resin de- 
pending upon application. Excel- 
lent handling characteristics and 
improved final properties account 
for DAP’s use. 

Shrinkage of diallyl phthalate 
in polymerizing to the homo- 
polymer is lower than other mon- 
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THREE TYPICAL USES FOR DIALLYL PHTHALATE... 





COATINGS: DAP resin var- 
nish applied to carbon resis- 
tor produces a hard, chemi- 


cal-resistant coating that 
has excellent electrical 
properties and can take the 


heats required for soldering 


omers commonly used, as shown 
in the comparative shrinkage 
table which appears below. 


Shrinkage in curing monomer 


to polymer 
To 
Diallyl phthalate 11.8 
Vinyl toluene 125 
Styrene 17.0 
Methyl methacrylate 24.0 


The low shrinkage contributes to 
freedom from internal stresses 
and cracks, and greater uniform- 
ity of moldings. 

By comparison with other mon- 
omers used with polyesters, DAP 
must be classed as non-volatile. 
The vapor pressure at 150° C. is 
2.4 mm. of Hg compared to 954 
mm. for styrene. Monomer loss 
during handling becomes negli- 
gible. This is especially valuable 
in prepreg work, large wet layups, 
and premix handling. 

The storage stability of DAP 
polyesters is two to four times 
greater than that of polyesters 
blended with styrene or other 
vinyl monomers. Shelf life after 
addition of catalyst is also longer. 
After addition of 0.5 to 2% ben- 
zoy!| peroxide, DAP-polyesters 
remain useful for 2 to 14 days de- 
pending upon formulation. When 
properly formulated, wet-out of 
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MOLDINGS: Nose and aft 
fuselage sections of super- 
sonic drone are molded of 
reinforced DAP compounds 


to provide light weight, 
strength, heat resistance, 
and electrical characteristics 


glass fibers is greatly improved. 
Drainage and washing are greatly 
reduced, 

The polyester composition must 
be chosen to suit the application 
and end-property characteristics 
when using DAP. Faster cures 
and higher heat resistance are 
formed by higher ratios of maleic 
or fumaric to phthalic acids in the 
polyester. More resilient resins 
are obtained with lower unsatura- 
tion. 

Exotherms with DAP are lower 
than with styrene. This favors 
uniformity of cure, soundness of 
molding, and uniform high 
strength properties. 
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*For unmodified Polystyrenes flexural strength is reported at failure. Above specifications for Fosta Nylon, with the exception of water absorption, 
determined on molded specimens containing less than 0.3% moisture. 


Additional copies of this properties brochure, comprehensive technical literature, price 
lists and further information on all Foster Grant resins are available upon request. 
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MECHANICAL PROPERTIES THERMAL PROPERTIES PHYSICAL PROPERTIES 
= Tensil Fi ! | Izod S I Moist Mold 
: ensile exura zo : ses ifi Rockwell isture ° 
Elongation | modulus | Strength Impact Deflection Temp. | Flammability Gravity, Hardness Absorption Shrinkage 
= — 
D638 D638 D790 D256 D648 D635 D792 D785 D570 D955 
Percent @ : a psi @ ft-Ibs./i *F @ *F @ fi ean — 

Fail psi x 10 | Yield notch | 66psi | 264 psi on ER. - ” Percent inl te 
1.8-2.5 4.0-5.0 9000-10000* 0.35-0.45 - 170-180 0.5-2.0 1.04-1.07 M70-80 0.04 0.003-0.005 
1.5-2.5 4.0-5.0 12000-13000* 0.35-0.45 - 195-200 0.5-2.0 1.04-1.07 M70-80 0.04 0.003-0.005 
1.3-1.9 4.0-5.0 8500-9500* 0.25-0.35 _ 160-170 0.5-2.0. 1.04-1.07 M70-80 0.04 0.003-0.005 
20-30 3.5-4.0 6600-7500 0.5-0.75 = 170-175 0.5-2.0 1.04-1.06 M40-55 0.05-0.10 0.003-0.005 
21-27 3.9-4.0 7100-7500 0.60-0.70 _ 150-155 0.5-2.0 1.04-1.06 M50-60 0.05-0.10 0.003-0.005 
1.8-2.5 4.0-5.0 9000-10000" 0.35-0.45 - 170-180 0.5-2.0 1.04-1.07 M70-80 0.04 0.003-0.005 
1.5-2.5 4.0-5.0 12000-13000* 0.35-0.45 ~ 195-200 0.5-2.0 1.04-1.07 M70-80 0.04 0.003-0.005 
15-20 3.8-4.2 8500-9500 0.90-1.20 - 185-190 0.5-2.0 1.04-1.06 M45-50 0.05-0.10 0.003-0.005 

. 7-15 3.9-4.5 9000-10800 0.50-0.75 - 190-195 0.5-2.0 1.04-1.06 M55-65 0.05-0.10 0.003-0.005 











05-2.0 | 104-106 M3545 —0.05-0.10 0.003-0.005 

35-40 3.0-3.7 5700-6200 ales" | — 160-170 052.0 | 1.04-1.06 30-40  0.05-0.10 0.003-0.005 

35 3.5 5900-6300 1.0 — 160-170 0.5-2.0 1.04-1.06 M3040 0.05-0.10 0.003-0,005 

40 40 16600 1.0 a Mien R-115 16 0.010 

40 4.0 16406 10 370156 “quishing. 1.14 R-112 16 0.010 
q 40 38 16100 0.9 345 150 ieee. 1.14 R-117 20 0.010 
100 4.0 16000 11 350 160 yom 1.13 R-117 2.0 0.007. 








FOSTER GRANT CO., INC. 


Plastics Sales Division, Leominster, Mass., KEystone 4-6511 
















Your Partner in Plastics Progress 











FOSTER GRANT CO., INC. 


Plastic Sales Division, Leominster, Mass., KEystone 4-6517 


ALSO DISTRIBUTED BY H. Muehlstein & Co., Inc., 521 5th Ave., New York 17, N. Y., MUrray Hill 7-1400 


Printed in S.A. 
Bulletin No. 61-4 








Amino resins 


By H. J. WEST* 


, pa two important groups of 
amino resins are the urea and 
melamine formaldehyde resins. 
Although the volume growth of 
these two groups during the past 
decade has not matched the spec- 
tacular growth of some of the 
thermoplastics, the amino resins 
have more than held their own. 
Despite the most vigorous compe- 
tition from thermoplastic resins, 
the annual consumption of the 
aminos held to an approximate 
361% million lb. in 1960. And if 
current expectations prove cor- 
rect, there will be an increase in 
total poundage by the end of the 
1961 sales season. The estimated 
distribution of amino resin sales 
according to the end-uses into 
which they went during 1960 is 
shown in Table I, below. In the 





TABLE |: Urea and melamine 
resin sales—1960 





Industry Percent 
Textiles 10.0 
Paper 7.7 
Laminating 8.6 
Plywood 23.3 
Chipboard and miscellaneous 
bonding 8.6 
Protective coatings 7.3 
Molding and miscellaneous 34.5 
Total 100.0 





molding group, the distribution 
between urea and melamine is be- 
lieved to be approximately in the 
ratio of 40 to 60. 

The continued industrial accept- 
ance of the amino resins is a re- 
sult of their properties of heat 
resistance, solvent and chemical 
resistance, extreme surface hard- 


unusually versatile. They find im- 
portant uses in many different 
industrial fields. 


Chemistry of amino resins 


The chemistry of the formation 
of resins from urea and melamine 
is similar in many respects, de- 
pending primarily on the formation 
of methylol ureas and methylol 
melamines by reaction of formalde- 
hyde with the amide or amino 
groups. 

The properties and end uses of 
the resinous condensation prod- 
ucts depend to some extent on the 
ratio of formaldehyde content to 
urea or melamine. Resins with 
lowest formaldehyde content are 
generally used mainly in molding 
compound production, intermediate 
ratios are used in bonding appli- 
cations, and the higher ratios are 
used in the textile and other 
fields. 

The basic resins are usually 
clear water-white syrups or white 
powdered materials. The dry ma- 
terials are usually dispersible in 
water to colorless syrups. In the 
case of ureas, the presence of 
acids is necessary to convert the 
resins to the insoluble or infusible 
stage. The acidity is often derived 
by the addition of materials which 
liberate acid by reaction with 
formaldehyde or by dissociation at 
elevated temperatures; the use of 
these latent catalysts gives a cur- 
able product without sacrificing 
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low-temperature stability. In most 
commercial applications, the resin 
is cured at elevated temperatures, 
although certain urea formulations, 
particularly those used as adhe- 
sives, can be cured at room 
temperature by the use of an ap- 
propriate catalyst. The cure of 
melamine resins is accelerated by 
acids, but in contrast to the ureas, 
the cure of unalkylated melamines 
can be accomplished by heat alone, 
under neutral or even slightly al- 
kaline conditions. The alkylated 
melamine resins cure only under 
acidic conditions, but are gener- 
ally formulated for use in surface 
coatings with a high proportion of 
alkyd resin and the residual free 
carboxyl hydrogen is sufficient for 
cure at baking oven temperatures. 
The methylol ureas and mela- 
mines can react with alcohols as 
shown in Figs. 1 and 2, below, to 
produce alkoxy compounds. 


Applications 


Urea-formaldehyde resins have 
been produced commercially for 
about 30 years. First used in mold- 
ing compounds, their largest use 
now is as adhesives in plywood 
production and in particle board 
bonding. Substantial amounts are 
used in various textile treatments; 
an important use in lesser quan- 
tities is in mar-proof finishes for 
interior applications. 

Melamine resins were intro- 
duced to industry about 20 years 
ago. Similar in behavior in many 
respects to urea resins, the mela- 
mine resins in cured form are far 
more resistant to heat and to 
water and are considerably more 
durable. Perhaps their outstand- 
ing feature is their versatility. No 


FIGURE 1 
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ness combined with initial absence 
of color, and resistance to discol- 
oration on exposure to heat or 
light. No other class of synthetic 
resins shows a similar favorable 
combination of properties. More- 
over, the amino resins, particu- 
larly the melamine types, are | 


FIGURE 2 


“Plastics and Resins Div., American Cyanamid N 
Co., South Cherry St., Wallingford, Conn. 
References were prepared by the editors 
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other thermosetting materials have 
such a wide variety of applications 
in so many fields. 

The most important application 
of melamine resins today is in the 
production of molding compounds 
for high-grade dinnerware. The 
resins are also used in decorative 
laminates for the home and in 
restaurants and offices, in durable 
boil-resistant adhesives, in textile 
treatment, in wet strength paper, 
and in the manufacture of enamel 
finishes with a high degree of ex- 
terior durability. 

Although no precise figures are 
available for the quantities of 
resins used in these various fields, 
the largest usage is in the molding 
field, followed by laminating, tex- 


tile, and surface coating applica- 
tions in that order. 


Molding compounds 


Both urea and melamine resins 
can be compounded with cellulose 
filler, with or without pigmenta- 
tion, to produce the molding com- 
pounds generally described as 
alpha-cellulose filled. The syrups 
formed by reacting the urea or 
melamine with formaldehyde are 
thoroughly mixed with purified 
alpha-cellulose to form a white 
pulpy mass, which is dried under 
closely controlled conditions of 
heat and humidity. The dried ma- 
terial is ground to a fine powder. 

At an appropriate stage in the 
operation, dyes or pigments, lub- 
ricants, and catalysts may be 
added. Usually, as a final step in 
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MOLDED-IN DECORATIVE 
OVERLAYS for the aminos 
have moved into such ap- 
plications as melamine uten- 
sil handles (left) and urea 
switch plates (above) 


the operation, the powdered ma- 
terial is densified by one of sev- 
eral available methods and the 
densified product crushed to pro- 
duce the finished molding mate- 
rial in the form of granules. 

The unpigmented material gives 
translucent pearl-white moldings. 
Colored material gives opaque, 
translucent, pastel, or full shades, 
depending upon the type of pig- 
ment or dye used. Low-cost urea 
grades are available for dark- 
colored industrial moldings such as 
switch gear. 

The molding compounds are us- 
ually available in a range of plas- 
ticities, and the rate of cure can be 
controlled during manufacture. 
Consequently, the molder can us- 
ually select a grade of molding 
material suitable for any specific 
molding condition. 

Practically all commercial urea 
molding compounds are cellulose- 
filled, either alpha-cellulose or 
wood flour. Melamine types, on the 
other hand, although predomi- 
nantly cellulose-filled, are avail- 
able with a wide variety of fillers. 

The amino resin molding com- 
pounds are usually molded within 
a temperature range of 275 to 
350° F. and at pressures ranging 
in straight compression molding 
from 2000 to 8000 p.s.i. Ureas are 
somewhat more critical to mold 
than melamines since they tend to 
have less flow and to set and cure 
faster in the mold. Because of 
favorable flow characteristics, 
transfer molding is common prac- 


tice with melamines but rarely 
used with ureas. The bulk of al- 
pha-filled melamine is sold in a 
soft to medium plasticity for com- 
pression molding. Soft plasticity 
material, however, also is suitable 
for use with transfer or plunger 
molding. 

Because of the relatively high 
polarity of both ureas and the 
melamines, the molding compounds 
are well suited to high-frequency 
pre-heating. Melamines again are 
less critical and can be pre-heated 
to higher temperatures than ureas. 

Largely because of unlimited 
color possibilities, resistance to 
solvents, oils, and greases, surface 
hardness, mar resistance, and fast 
moldability, urea formaldehyde 
molding compounds are widely 
used in such applications as cos- 
metic container closures, electrical 
mixer housings, electrical parts, 
and stove hardware. Their once 
preeminent position in button 
molding has now yielded to poly- 
ester resins. 

The molding of fine-quality din- 
nerware is the most successful and 
spectacular use for alpha-cellu- 
lose-filled melamine formaldehyde 
molding compounds. This applica- 
tion now represents by far the 
largest single outlet for the mela- 
mines. The attractiveness of mela- 
mine dinnerware can be enhanced 
by the use of decorated overlays 
which are now available in a wide 
range of colors and designs. Also, 
special unfilled molding com- 
pounds are now available which 
may be applied as a surface glaze 
to molded melamine dinnerware, 
giving it more of the appearance 
of popular types of glazed china- 
ware. Other important uses for 
the alpha-filled melamines are 
aerosol dispensers, boil-resistant 
buttons, coffee makers, soda dis- 
pensers, flatware, and cutlery 
handles. 

The properties of melamine 
molding compounds vary widely 
according to the kind of filler that 
is used. For example, wood flour 
may be used for the production of 
general-purpose industrial mold- 
ing compounds for the molding of 
such parts as auto ignition com- 
ponents, connector plug inserts, 
and watt meter blocks. The parts 
possess high arc resistance and di- 
electric strength, combined with 
relatively low specific gravity. 
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Cotton fabric may be used as a 
filler for molding material intended 
for the production of shock-resist- 
ant articles such as service trays. 
Melamine fillers such as asbestos 
may be used for molding com- 
pounds intended for industrial ap- 
plications requiring maximum arc 
and heat resistance and dielectric 
strength. The properties of such 
parts are maintained up to tem- 
peratures that can go as high as 
400° F. 

Glass fiber-filled material is 
available for applications requiring 
a combination of impact strength, 
high heat resistance, and good 
electric properties, including max- 
imum arc resistance. 


Adhesives 


Urea formaldehyde resins have 
gained wide acceptance for use as 
adhesives in the plywood and 
furniture industries. These adhe- 
sives can be formulated to cure 
over a wide range of temperatures. 
They tolerate a high degree of ex- 
tension with relatively low-cost 
material, such as wood flour, with- 
out serious impairment of the 
properties of the glue line. 

The resins used as adhesives are 
usually formulated at a ratio of 
less than 2 mols formaldehyde to 1 
mol of urea. Urea adhesives cure 
rapidly at the elevated tempera- 
tures used in hot-press operations. 
When the proper catalysts as rec- 
ommended by the manufacturer 
are used, excellent bonds can be 
readily obtained at room tem- 
peratures. 

Melamine resins are excellent 
bonding agents for plywood, giving 
boil-resistant bonds that meet the 
most drastic specifications for ex- 
terior use. However, for economy, 
commercial formulations are usu- 
ally melamine resin-fortified urea 
adhesives, containing up to a 50% 
replacement of the urea resin with 
melamine resin. Quite low ratios oi 
melamine to urea develop signifi- 
cant improvements in boil-resist- 
ance of the glue line. 

Heat is essential for cure of 
melamine or melamine-urea adhe- 
sives. An unusual property of 
melamine adhesives or melamine- 
fortified urea adhesives is the sta- 
bility of the dried adhesive after 
application to the surface to be 
glued. The applied adhesive is 
stable for weeks, if kept at room 
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temperature, but cures very rap- 
idly when heat is applied to it. 

An increasingly important ap- 
plication for amino resins is in the 
production of particle boards. This 
type of board is produced from 
various kinds of wood, often wood 
waste or sawdust, although the 
highest quality material is pro- 
duced from virgin timber cut to 
a controlled particle size and 
shape. The wood particles, after 
impregnation with relatively small 
amounts of resin binder, usually 
6 to 10% of the weight of the 
wood, are pressed at temperatures 
in the order of 270° F. and at 
pressures up to 1000 p.s.i. to pro- 
duce the finished board. Some 
wax size is usually incorporated 
to improve water resistance. 
Amino resins are used as the 
binder for light colored boards, 
the melamine-urea resins giving 
better strength than straight 
ureas. 


Laminating resins 


Melamine resins for many years 
have excelled as saturating resins 
in the production of decorative 
laminates and also are of consid- 
erable importance in the produc- 
tion of fire-resistant industrial and 
electrical grade laminates. The 
resins used are essentially di- or 
trimethylol melamines condensed 
during processing to a controlled 
degree of water tolerance. Plasti- 
cizers are sometimes incorporated 
to improve flow and to develop a 
degree of post-formability. 


FURNITURE APPLICA- 
TIONS continue as major 
outlet for melamine as a 
bonding resin. Seats, 
backs, and desk tops for 
this attractive line of 
school furniture are 
molded of a melamine 
resin-wood flour mix 





The laminating resins are usu- 
ally supplied as spray-dried pow- 
ders. Although solutions in alcohol- 
water mixtures are available, the 
solutions are not permanently 
stable and should be used rela- 
tively soon after manufacture. 

Decorative laminates are usually 
assembled with a core of several 
sheets of phenolic resin-impreg- 
nated kraft paper. The core is sur- 
faced with a pigmented sheet often 
printed with a decorative design, 
and finally a thin melamine resin- 
impregnated overlay sheet is ap- 
plied. Impregnation of the sheets 
is usually accomplished by contin- 
uous passage through a resin bath 
followed by drying to a controlled 
moisture content. 

The assembly is laminated in a 
platen press at pressures ranging 
from 1000 to 2000 p.s.i. and tem- 
peratures of 280 to 320° F. The 
finished laminates are extremely 
mar-resistant and resistant to at- 
tack by detergents, acids, oils, and 
grease, They are popular as sur- 
faces for kitchen counters, sink 
tops, bathroom cabinet tops, bars, 
restaurant tables, and other 
heavy-duty work areas. 

Industrial melamine laminates 
are produced from a large number 
of filler materials including glass 
mat and glass cloth, cotton and 
synthetic fiber fabrics, and asbes- 
tos. Their utility is a result of the 
electrical properties, chemical re- 
sistance, and heat stability of the 
cured melamine resin. Typical ap- 
plications are high-impact electri- 





MOLDED UREA CLOSURES 
are still in demand by pack- 
age designers. Smooth fin- 
ish, attractive colors, dura- 
bility, and dimensional sto- 
bility are key factors 


cal panels, printed circuit panels, 
and electrical switch gear. 

During the past year or two, 
there has been considerable prog- 
ress made in the development of 
melamine laminating resins which 
give improved electrical proper- 
ties, particularly under severe 
moisture conditions. 


Textile applications 


First applied in the textile field 
for crease-proofing of cotton and 
rayon a number of years ago, the 
use of amino resins in the textile 
industry still continues to expand. 
The spectacular success during re- 
cent years of the drip-dry cottons 
is a result of the use of special 
types of amino resins. Fabric stiff- 
ening, shrinkage control, draping 
control, control of fabric hand, fire 
retardance, and water repellency 
are some of the many uses for 
amino resins in the textile field. 
In addition to urea and melamine 
resins, ethylene urea formalde- 
hyde resins and triazones pro- 
duced by reaction of aliphatic di- 
amines with methylol ureas are 
now widely used. 

Generally, the low-molecular 
weight condensation products of 
urea or melamine with formalde- 
hyde are used to modify cotton or 
rayon textile fibers for improved 
crease-proofness, good draping, 
and hand, whereas the products of 
higher-molecular weight are em- 
ployed in various stiffening proc- 


esses. The goods impregnated with 
resin solution containing an appro- 
priate catalyst are dried at 225 to 
250° F. and then washed to remove 
the catalyst and uncured resin. 

Melamine formaldehyde resins 
and the methyl ethers of methylol 
melamines give more lasting ef- 
fects and are more durable in the 
laundry, although the melamine 
sometimes absorbs chlorine from 
chlorine bleaches and then tends 
to yellow during ironing. Modi- 
fied melamine resins are now 
available which are much less 
susceptible in this respect. 

Melamine resins, particularly the 
methylated types, have been suc- 
cessfully used in the shrinkage 
control of wool. Shrinkage on 
laundering can be reduced to as 
low as 3 percent. 


Paper resins 


Both urea and melamine resins 
are widely used to improve the 
properties of paper, particularly 
wet strength, although other prop- 
erties such as rub resistance, dry 
tensile strength, and bursting 
strength are also improved. 

Urea formaldehyde condensa- 
tion products can be modified to 
give cationic resin molecules 
which are substantive to the nega- 
tively charged cellulose fiber. When 
added in the beater on a paper 
machine, the resin is almost quan- 
titatively absorbed by the fiber and 
confers a high degree of wet 
strength to the finished paper 
sheet. 

Melamine resins are used in a 
very similar manner. Under cer- 
tain acidic conditions, methylol 
melamines can react to give cati- 
onic colloids that exhaust quanti- 
tatively on the paper. The resin is 
usually added to the slush stock. 
The resin cures during the drying 
of the sheet, producing remark- 
able improvements in the physical 
properties of the paper. Wet 
strength is increased several fold 
and dry strength improved by the 
addition of the resin. 


Surface coatings 


Alkylated methylolmelamines 
and ureas, especially the butylated 
types, are widely used in combi- 
nation with alkyd resins in indus- 
trial and decorative baking enam- 
els. The urea resin-alkyd resin 
enamels are generally restricted 


to indoor use in applications such 
as refrigerator and kitchen cabi- 
net white and pastel finishes. The 
melamine resin-alkyd resin for- 
mulations are highly durable and 
mar-resistant and are widely used 
in automotive finishes. 

Both the urea and melamine 
resins are resistant to yellowing 
in sunlight or at elevated tem- 
peratures. The melamine resins 
are considerably more heat resist- 
ant than the ureas. 


Other amino resins 


Other amino resins that have 
been used commercially include 
aniline-formaldehyde resins for 
molded and laminated electrical 
insulation, and guanamine resins 
for surface coatings; compared to 
urea and melamine, however, the 
volume has not been significant. 
Perhaps the third most important 
amino resins are now the ethyl- 
ene ureas which are finding in- 
creased usage in the textile in- 
dustry. 
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Ceilulosics 


ii of cellulose ni- 
trate, oldest of the synthetic plas- 
tics, dates back to the work 
of Braconnot in France, 1833. 
Schoenbein, Germany, 1845, and 
Parkes, England, 1855-65, also 
experimented with cellulose ni- 
trate; but John Wesley Hyatt, 
United States, is generally cred- 
ited with being the first to work 
successfully with this material as 
a plastic mass rather than in solu- 
tion. In 1869 he and his brother 
took out a patent for making solid 
collodion (Celluloid) which was 
the pioneer material for many 
current processes and applications. 

Meanwhile, in an effort to dis- 
cover a less flammable material, 
research conducted by Schiitzen- 
berger and Cross and Bevan 
(1894) led toward the develop- 
ment of cellulose acetate. Prepa- 
ration of a plastic from cellulose 
acetate was first mentioned in 
U. S. patent literature in 1903. 

As early as 1912, cellulose ace- 
tate found an outlet in photo- 
graphic film. In World War I, it 
was employed in dopes for air- 
foil coverings. Later, a process 
was developed for making cellu- 
lose acetate filament which could 
be woven into fabric.’ Cellulose 
acetate sheets, rods, and tubes 
appeared on the U. S. market in 
1927. This was followed by the 
appearance of cellulose acetate 
molding powders in 1929. 

Research on treatment of cellu- 
lose with higher aliphatic acids 
resulted in a U. S. patent for the 
manufacture of cellulose acetate 
butyrate, issued to Clarke and 
Malm in 1932. The material ap- 
peared on the market at that time 
for use in protective coatings. The 
molding composition followed in 
1938. 

Among the various cellulose 
esters, cellulose propionate is the 
most recent plastic to come into 
commercial use. 





Section on cellulose acetate prepared by 
Celanese “3 of America; cellulose acetate 
butyrate by Eastman Chemical Products, Inc.; 
cellulose propionate by Celanese Corp. of 
America; ethyl cellulose by The Dow Chemical 
Co. ; evens cellulose by American Vis- 
cose 
1U, s. ‘atent 738,533 to A. Eichengriin and 
T. Becker, 1903. 

2 Developed by Celanese Corp. of America. 
References were prepared by the editors. 
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The possibility of using a cellu- 
lose ether as an industrially use- 
ful product was proposed in 1912 
by Leuchs in Germany, Lilienfeld 
in Austria, and Dreyfus in France. 
Lilienfeld was granted a U. S. 
patent® in 1917 for use of ethyl 
cellulose in a plastic composition. 
In 1935 and 1937, respectively, two 
of the current manufacturers‘ 
undertook commercial production 
of this material. 

Other cellulose ethers have also 
proved commercially useful; 
among these are methy] cellulose, 
carboxymethyl cellulose, and hy- 
droxyethyl cellulose. 


Preparation of cellulosics 


The cellulosics are prepared by 
various treatments of carefully 
purified cotton linters or wood 
cellulose having a high alpha- 
cellulose content. The cellulose 
molecule is composed of as many 
as 3000 glucosidic units. Each unit 
provides three hydroxyl groups 
for esterification. Controlling fac- 
tors in the preparation of the 
various cellulose esters and ethers 
are the condition of the cellulose, 
the kind and relative amounts of 
ingredients used, and the time, 
temperature, and agitation of re- 
action. 

Cellulose nitrate: Cellulose ni- 
trate is prepared by treating 


*U. S. Patent 1,217,027 
“Hercules Powder Co., The Dow Chemical Co. 


BUTYRATE CONDUIT is 
secured to molded buty- 
rate fitting with solvent 
cement, applied with | 
paint brush. Fitting has 
been screwed to steel 
conduit. Cables are run 
through assernbly, which 
is then hoisted into place 
and secured to power 
pole (Photo, Eastman) 





properly conditioned cellulose 
with a mixture of nitric and sul- 
furic acids. Spent acid is drained 
off by centrifuging. The nitrated 
material is given prolonged treat- 
ment with boiling water, bleached, 
washed repeatedly, and subjected 
to a dehydrating operation by 
which, under hydraulic pressure, 
most of the water is replaced by 
alcohol. 

Cellulose acetate: Preparation 
of cellulose acetate is accom- 
plished by treating cellulose with 
acetic acid and acetic anhydride 
in the presence of a catalyst such 
as sulfuric acid. Cellulose triace- 
tate of about 62.5% combined 
acetic acid content is formed by 
the reaction. This is soluble in the 
treating acids, forming a heavy 
dope. Water is added to partially 
hydrolyze or deacetylate the cel- 
lulose triacetate. Cellulose acetate 
is then precipitated in water, 
washed, and dried. 

Cellulese acetate butyrate: To 
prepare cellulose acetate buty- 
rate, the cellulose is treated with 
a mixture of acetic and butyric 
acids and anhydrides, the amount 
of each ingredient depending 
upon the properties desired in the 
final product. 

Cellulose propionate: Similarly, 
in most instances, the reaction of 
propionic acid and anhydride on 
cellulose in the presence of a 
catalyst yields cellulose pro- 


pionate. Some manufacturers add 
acetic acids and anhydrides as in 
the case 
butyrate. 

Ethyl cellulose: Sodium cellu- 
lose is produced by the action of 


of cellulose acetate 





a strong alkali, such as sodium 
hydroxide, on cellulose. This is 
subsequently acted upon by 
ethylating agents, such as ethyl 
chloride or sulfate, which place 
the ethyl groups on the cellulose 
molecule. Ethyl cellulose thus 
formed is first washed and then 
purified. 

Carboxymethyl cellulose: Car- 
boxymethy] cellulose is composed 
of a carboxylic acid bound to the 
cellulose molecule by an ether 
linkage. Upon treatment with a 
fairly strong acid, the sodium salt 
is converted to the free acid which 
is insoluble in water. In some 
cases other salts may be useful; 
the ammonium salt, on heating, 
loses ammonia and is thus con- 
verted to the free acid. The ad- 
dition of aluminum, iron, or other 
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heavy metal ions converts the so- 
dium salt to insoluble compounds. 
The cellulose derivative is pre- 
cipitated from solution by ferric 
chloride, ferrous sulfate, stannous 
chloride, aluminum sulfate, or 
basic lead acetate. Barium nitrate 
produces a thixotropic gel. 

Hydrozyethyl cellulose: When 
ethylene oxide is reacted with 
cellulose, a caustic-soluble hy- 
droxyethy] cellulose is first pro- 
duced. As additional hydroxy- 
ethyl groups are attached, the 
cellulose derivative becomes more 
and more water sensitive, until 
water solubility is reached. 
Metallic ions, acids, or alkalies 
cannot be employed to precipitate 
hydroxyethyl cellulose from the 
aqueous solution. 

Regenerated cellulose (cello- 


sodium hydroxide, resulting in 
product known as sodium 
alkali cellulose. Excess liquor is 
removed, and the alkali cellulose 
sheets are shredded and aged. 
Treatment with carbon disulfide 
follows, producing cellulose xan- 
thate. This, in turn, is mixed with 
dilute sodium hydroxide solution 
to yield a uniform colloidal sus- 
pension, or viscose, which is aged 
and filtered. Regeneration is ac- 
complished by extruding the vis- 
cose, in sheet form, into an acid 
coagulating bath which reacts 
with the viscose solution to form 
cellulose, sodium sulfate, and car- 
bon disulfide. 





Compounding and processing: 
Several grades are available, dif- 
fering in nitrogen content as well 
as in the degree of viscosity. 

Complete esterification provides 
a nitrogen content of 14.16 per- 
cent. Cellulose nitrate used in ex- 
plosives contains approximately 
13%, that employed in lacquers 
and photographic film about 12%, 
and that in plastics about 11 per- 
cent. Although the chief differ- 
ence among the various grades is 
their rate of combustion, solubil- 
ity as well as compatibility with 
plasticizers are also variable fac- 
tors that have to be taken into 
consideration. 

Camphor is the standard plas- 
ticizer for cellulose nitrate, al- 
though small admixtures of other 
materials are also used. Alcohol- 
wet cellulose nitrate is colloided 
in masticating mixtures with the 


CELLULOSE ACETATE 


plasticizers and solvents, and 
strained under hydraulic pressure 
while in a soft condition. The 
material can be colored while be- 
ing worked in the mixer or dur- 
ing the subsequent rolling opera- 
tion, when some of the solvent 
has been evaporated. 

Slabs of the material can be 
block-pressed and skived, or the 
mass containing a suitable pro- 
portion of solvent may be wet- 
extruded into tubes, rods, or 
sheeting. 

General characteristics: Cellu- 
lose nitrate is the toughest of all 
thermoplastics. This quality, to- 
gether with ease of fabrication, 
are the chief advantages of the 
material. Other desirable proper- 
ties are dimensional stability, 
resilience, and low water absorp- 
tion. 

Chief disadvantage of the ma- 


terial is its flammability. Plas- 
ticizers containing chlorine and 
phosphate as fire retardants have 
been employed, but these tend to 
reduce the strength of the result- 
ing plastic. Another disadvantage 
of the material is its tendency to 
discolor and become brittle under 
the effects of sunlight. 

Cellulose nitrate is not adapt- 
able for compression or injection 
molding because of its sensitivity 
to heat. However, it is readily 
formed into hollow articles by ap- 
plication of air or liquid pressure 
between heated sheets, expanding 
them to the shape of a retaining 
mold. By other methods of fabri- 
cation, sheets, rods, and tubes are 
converted into many items of dec- 
orative and functional value, such 
as personal accessories, toilet ar- 
ticles, and various types of in- 
dustrial pieces. 





Compounding and processing: 
Cellulose acetate molding com- 
positions are made from cellulose 
acetate flake, plasticizers, pig- 
ments, and dyes. Mixing is carried 
out on heated compounding rolls, 
in an extruder, or in a Banbury- 
type mechanical mixer. Process- 
ing temperatures are in the 350 to 
500° F. range. Plasticizers are 
normally simple organic esters, 
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liquids of high boiling point and 
low vapor pressure, added in 
amounts of 10 to 70 parts per 100 
parts of cellulose acetate. The 
plasticizer employed is dependent 
upon the properties desired in the 
finished composition. 

General characteristics: Cellu- 
lose acetate plastics are notable 
for their outstanding toughness 
and high impact strength. They 


are stable at room temperatures, 
with good resistance to discolora- 
tion or deterioration when ex- 
posed to sunlight. However, 
long-range exposure to outside 
weathering is not recommended. 
Materials can be produced over a 
wide range of rich lustrous colors, 
including translucents, transpar- 
ents, and special color effects. Cel- 
lulose acetate is a good electrical 
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insulator. The clear material 
transmits a high percentage of 
ultra-violet light. 

Available in many different 
types, cellulose acetate is adapt- 
able to a wide application range. 
Properties are dependent to a 
large degree on the flow type 
selected which, in turn, is largely 
determined by the-size and com- 
plexity of the mold. 

Present-day uses of cellulose 
acetate have been further broad- 
ened by the increasing trend to- 
wards formulating for specific end 
uses. Selection of the proper flake, 
combined with suitable plasti- 
cizers, yields compositions with 
the characteristics important to 
specific applications. The im- 
portant properties that can be 
“built into” cellulose acetate in- 
clude flame resistance, resistance 
to blushing, improved dimen- 
sional stability, reduced plasti- 
cizer migration, and resistance to 
specific chemicals, e.g., dichloro- 
benzene. 

Applications: Large-volume 
markets for cellulose acetate are 
toys, beads, cutlery handles, 
knobs, electrical parts, and hous- 
ings for small-motored electrical 
appliances. In sheet form, cellu- 
lose acetate is widely used as a 
packaging material, electric in- 
sulation, and tape. The largest 
volume end-use is for photo- 


MOTOR .HOOD of floor 
scrubber-waxer is of cellu- 
lose acetate, chosen for its 
low cost and toughness. 
Largest of the unit’s 33 
plastics components, the 
motor hood weighs over 12 
ounces (Photo, Hoover) 


graphic film. Vacuum formed 
sheeting is growing in the fabri- 
cation of displays, custom packag- 
ing, and for small household and 
personal products. 

Another large-volume applica- 
tion for acetate is ladies’ shoe 
heels. The molded acetate heels 
are claimed to cost from 2 to 4¢ 


CELLULOSE ACETATE BUTYRATE 


Compounding and processing: 
Cellulose acetate butyrate mold- 
ing compositions may be prepared 
by the same methods as those 
mentioned for cellulose acetate. 
The characteristics of the mixed 
ester are quite different from 
those of cellulose acetate, how- 
ever, and result in compatibility 
with a greater variety of other 
compounds, The plasticizers used 
with cellulose acetate butyrate 
have much higher boiling points 
than those used with cellulose 
acetate and not nearly as much 
plasticizer is required by the 
mixed ester as by the acetate. 
Cellulose acetate butyrate re- 
quires less plasticizer for a given 
flow than does any other cellulose 
ester that is now commercially 
available. 

Cellulose acetate butyrate is 
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less than wooden heels with lac- 
quer applied and are character- 
ized by resilience and toughness. 
Consumption of acetate for heels 
was estimated at about 4 million 
Ib. in 1960. 

During 1960 there has been a 
greater demand for fire-resistant 
cellulose acetate formulations in 
many housing applications. There 
is also a steady increase in the 
use of extruded and cast cellulose 
acetate film for produce wrapping. 
New formulations in clear, trans- 
parent extruded and cast film 
have been offered for special ap- 
plications requiring protection 
from ultra-violet light. These ma- 
terials contain special ultra-violet 
absorbing agents and have been 
found valuable for produce wrap- 
ping, wrapping of polyurethane 
sponges, and, in the thicker gages, 
for store window shades. 

There is also a special cast 
film for producing a crackle or 
wrinkled finish on glass-poly- 
ester laminate sheets. It is used as 
a separating medium when the 
polyester sheets are made. The 
film also finds use as a separator 
sheet in the polishing of vinyls 
and is used to prevent blocking 
when these sheets are shipped. 

The use of cellulose acetate 
film in sound recording and com- 
puter tapes is continuing to in- 
crease satisfactorily. 





dissolved or softened by a wider 
range of solvents than is cellulose 
acetate, resulting in ease of ce- 
menting and lacquering. 

Cellulose acetate butyrate plas- 
tics compositions are usually 
processed by injection molding or 
extrusion, although compression 
and transfer molding techniques 
may also be used. They have been 
used successfully in blow molding 
operations. Special formulations 
suitable for roller coating, melt 
coating, and lacquers are avail- 
able. Sheets of cellulose acetate 
butyrate are widely used in vac- 
uum forming operations. 

Injection molding sprue and 
runner scrap and incomplete 
shots may be granulated for re- 
use, providing practically 100% 
utility of the material. It is sug- 
gested that virgin material be 


blended with clean, reground ma- 
terial to avoid excessive remold- 
ing of the same material. 

For good parts, cellulose acetate 
butyrate plastics formulations 
must be kept free from contami- 
nation by other plastics, particu- 
larly polystyrene. The only other 
plastics material with which cel- 
lulose acetate butyrate may be 
mixed is cellulose acetate pro- 
pionate; even this is not possible 
with all formulas and flows. 

General characteristics: Cellu- 
lose acetate butyrate moldings are 
characterized by high impact 
strength, toughness, light weight, 
and good resiliency. They are of 
uniform texture and have a high 
surface luster. The material is 
available in colors ranging from 
crystal clear to opaque in almost 
any desired color and shade, as 
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well as variegations or mottles, 
peerlescents, and metallic effects. 
The dielectric strength is high and 
the heat conductivity is low. Spe- 
cial essences can be added to cel- 
lulose acetate butyrate to give a 
pleasant positive odor to molded 
pieces. 

Cellulose acetate butyrate has 
considerably greater dimensional 
stability than does cellulose ace- 
tate. This is partly due to the fact 
that cellulose acetate butyrate is 
less hygroscopic in nature, ab- 
sorbing upon immersion about the 
same amount of water as does 
cellulose nitrate and only about 
half as much as does cellulose 
acetate. Cellulose acetate butyrate 
accepts plasticizers which are 
much higher boiling than those 
used with cellulose acetate, and 
requires much less total plastici- 
zer to reach a given flow. These 
two factors combine to result in 
less loss of plasticizer during 
heating, leaching, or weathering, 
with a smaller change in shape. 

Plasticizer permanence also con- 
tributes to the excellent weather- 
ability which is attainable with 
cellulose acetate butyrate. Pieces 
properly molded from special out- 
door formulas can be expected to 
last five years fully exposed to 
the elements in any part of the 
continental United States. This is 
the longest outdoor life of any 
cellulosic. 

Underwriters’ Laboratories, Inc. 
has classified cellulose acetate 
butyrate as “Slow Burning.” Its 
report says, in part: “The fire 
hazard of this product in use and 
storage is judged to be small, be- 
ing somewhat less than would be 
presented by common newsprint 
paper in the same form and 
quantity.” 

Applications: Molded or ex- 
truded parts which are to be 
vacuum metallized are suitable 
applications for cellulose acetate 
butyrate, due to the low plastici- 
zer content and the low vapor 
pressure of the plasticizer at ordi- 
nary temperatures. Molded cellu- 
lose acetate butyrate photoflash 
reflectors vacuum metallized with 
a mirrorlike metallic coating are 
proving far superior to satin-fin- 
ish aluminum reflectors. It is re- 
ported that metallized cellulose 
acetate butyrate reflectors give 
about 50% more illumination than 
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SAFETY WINDOWS of 
molded butyrate shield 
against implosion of TV tubes. 
Optically treated to heighten 
contrast, butyrate windows 
sharpen the picture by re- 
jecting unwanted surround- 
ing light (Photo, Eastman) 


the older aluminum reflectors. 
The toughness and resilience of 
the plastic eliminate denting of 
the reflector if it is dropped. 

Cellulose acetate butyrate is 
widely used for vacuum forming. 
In sheet form, it possesses quali- 
ties which contribute excellent 
formability to fast-cycle opera- 
tions. These qualities, plus light 
weight, toughness, resilience, and 
weather resistance in the out- 
door type formulas, combine to 
make the material useful for both 
outdoor and indoor signs. The 
same qualities have resulted in 
wide usage of extruded sheeting 
as covering material for green- 
houses. The heat-insulating quali- 
ties of cellulose acetate butyrate 
and its ability to resist the impact 
of hailstones also contribute to 
this and similar applications. 

Another application involving 
continuous outdoor exposure is in 
treeguards extruded from cellu- 
lose acetate butyrate. These are 
used on telephone wires to pro- 
tect the wires from abrasion by 
tree branches. The life expect- 
ancy of the guards is said to be 
better than 10 years. 

Cellulose acetate butyrate is 
also being used outdoors in the 
form of extruded large-diameter 
pipe to replace the glass globes 
which protect street lights from 
weather; the impact strength of 


the material provides good pro- 
tection against vandalism. 

One other outdoor use of cellu- 
lose acetate butyrate is in auto- 
mobile taillight and back-up 
lenses. Both clear and red lenses 
resist crazing when exposed to 
spillage of high octane gasoline 
and will withstand the elements 
for several years without serious 
changes in dimensions or color. 

Cellulose acetate butyrate sheet- 
ing is widely used for blister and 
skin packaging because of its ex- 
cellent clarity, light weight, tough- 
ness, ease of forming, and brilliant 
luster. A recently developed 
process of skin packaging with 
cellulose acetate butyrate without 
a backing board should increase 
the use of this plastic in this field. 

Typical applications of molded 
cellulose acetate butyrate in- 
clude: screwdriver and other tool 
handles, photographic reels, hous- 
ings, steering wheels, automobile 
armrests, telephones, football hel- 
mets and face protectors, knobs, 
cutlery handles, pistol grips, busi- 
ness machine keys, toothbrush 
handles, fish net floats, fishing 
lures, hearing aid parts, optical 
frames, and ladies’ shoe heels. 

Typical applications of extruded 
cellulose acetate butyrate are: 
pipe for irrigation and salt water 
disposal, gas service lines, elec- 
trical conduit for telephone and 
power cables, small diameter tub- 
ing, film for packaging, sheeting 
for vacuum forming and other 
uses, profile shapes for decorative 
molding trim, window channels, 
pneumatic tubes, pneumatic tube 
carriers, explosion-vent window- 
panes, and storm windows. 

The newest twist in signs is 
an extrusion-laminated two-color 
butyrate sheet (sheets of con- 
trasting color are laminated to- 
gether) that can be formed and 
decorated, without the use of 
paints or other decorative coat- 
ings. The duplex laminate sheet is 
simply thermoformed on standard 
equipment to produce raised let- 
ters or decorative effects. The 
surface of the raised areas is then 
wet-sanded away, allowing the 
second layer of contrasting color 
to show through. The duplex 
sheet is produced on a standard 
extrusion set-up with the addi- 
tion of a calender roll to effect 
the lamination. 
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CELLULOSE PROPIONATE 


Compounding and processing: 
Cellulose propionate requires less 
than half the plasticizer needed 
to produce cellulose acetate plas- 
tics of comparable flexural 
strength. It is compatible with 
a considerably larger number 
of plasticizers; compounds can 
therefore be plasticized and modi- 
fied to produce moldings with a 
great variety of properties. 

Cellulose propionate is best 
suited to injection molding and 
extrusion. It has excellent flow 
characteristics which provide 
molding temperatures over a 
range of 80° F. Unless inserts, 
machine limitations, heavy cross- 
sections, or ribbings are involved, 
it has a shorter cycle than other 
cellulosics. In all except the hard- 
est compositions there is no trace 
of skin or lamination. 

General characteristics: Cellu- 





lose propionate is an unusually 
stable cellulose ester, emitting 
no odor of propionic acid either 
during molding or in the finished 
piece. Retention of plasticizer is 
excellent. Weatherability charac- 
teristics are superior to cellulose 
acetate while being equivalent 
or, in some instances, superior 
to other cellulosic molding mate- 
rials. Although not miscible with 
cellulose acetate, ethyl cellulose, 
or resinous plastics such as poly- 
styrene, cellulose propionate is 
compatible with cellulose acetate 
butyrate. There are, however, 
some combinations of formula 
and flow of these two materials 
which cannot be cursorily mixed 
(e.g., in an injection machine) 
without lamination. 

Among the cellulosics, cellulose 
propionate is close to ethyl cellu- 
lose in toughness and shock re- 


CARBOXYMETHYL CELLULOSE 


Compounding and processing: 
This cellulose derivative is com- 
patible in varying proportions 


with many water-soluble plasti- 


cizers, natural gums, and other 
film formers. Highly viscous, 
stable, aqueous solutions can be 
obtained which, upon evapora- 
tion, leave colorless, tough, trans- 
parent films unaffected by most 
organic solvents, oils, and greases. 

General characteristics: Car- 
boxymethy] cellulose is available 


ETHYL CELLULOSE 


‘ other desirable 


sistance. High shock resistance is 
maintained without sacrifice of 
characteristics; 
articles produced from cellulose 
propionate can be printed and 
lacquered without fear of tacki- 
ness. Weld lines are almost un- 
noticeable, and weld strength is 
high, as indicated by both impact 
and tensile strength tests. Surface 
finish of injection molded pieces 
is brilliant and so lustrous and 
free from smudges that many 
parts require no buffing or similar 
finishing operation. 

Applications: Current markets 
for cellulose propionate are auto- 
motive parts, pens and pencils, 
telephone housings, ladies’ shoe 
heels, toys, transistor radio and 
television parts, steering wheels, 
toothbrushes, and similar products 
that require propionate’s high 
toughness. 





in three viscosity types: low, me- 
dium, and high. These products 
can be rapidly dissolved in water- 
ethanol mixtures, when the alco- 
hol does not exceed 50% of the 
mixture. Films cast from sodium 
carboxymethy] cellulose solutions 
and painted with solutions of 
aluminum sulfate, barium nitrate, 
stannous chloride, basic lead ace- 
tate, ferric chloride, or ferrous 
sulfate are insoluble in water. The 
solutions of sodium carboxy- 


methyl cellulose are commonly 
utilized for their thickening prop- 
erties as viscosity control agents 
in the preparation of latex emul- 
sions, as emulsifying agents in 
the preparation of oil-in-water 
solutions, and as bases for oint- 
ments, boiler compounds, oil- 
drilling muds, and insecticides. 
Other applications for this cellu- 
lose derivative are as coatings for 
carton board used in the manu- 
facture of greaseproof containers. 





Compounding and processing: 
Ethyl cellulose is available as 
granules suitable for injection 
molding or extrusion, as cast film, 
and as flake used for various coat- 
ing applications. The finished 
product can be controlled to some 
extent in manufacture. When the 
degree of ethylation is held in a 
48 to 4914% range, a product is 
obtained having greater compati- 
bility with various modifying 
agents. This grade of material 
has a low softening temperature, 
wide solubility, good water re- 
sistance, and is generally used for 
coating applications. If ethylation 
is held at 46 to 48%, the resulting 
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material is found to be tougher 
and to possess better low tem- 
perature properties. This grade of 
flake is chosen as the base for 
granules used in injection mold- 
ing or extrusion. 

Conventional fabrication equip- 
ment is used for molding or ex- 
trusion of ethyl cellulose. Special 
adjustments on machinery are not 
necessary and the mold or extru- 
sion die can be made of any ma- 
terial suitable for other thermo- 
plastics. Injection molding cylin- 
der temperatures 10 to 15° F. be- 
low the material burning tem- 
perature are necessary. 

Ethyl cellulose is not com- 


patible with other thermoplastics. 
Processing equipment must be 
thoroughly purged prior to its 
use since contamination is the 
primary cause of surface imper- 
fections and delamination. It is 
good practice to dry ethyl cellu- 
lose separate from other cellu- 
losics to prevent contamination 
due to plasticizer migration. 
Ethyl cellulose can be adhered 
to itself or other materials by a 
number of adhesives. Finishing 
operations such as machining, 
drilling, sawing, filing, etc., are 
easily accomplished, using con- 
ventional plastic equipment. 
General characteristics: Ethyl 
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cellulose moldings are character- 
ized by their toughness over a 
wide temperature range, dimen- 
sional stability, and freedom from 
odor. Excellent surface luster 
adds greatly to the esthetic 
value of the molded article. It has 
the lowest density of the com- 
mercial cellulose plastics. The 
natural color of ethyl cellulose is 
slightly amber. It cannot be sup- 
plied in crystal, but is available in 
a range of transparent, translu- 
cent, and opaque colors. 

A number of formulations are 
available which offer a wide range 
of properties. Much of the recent 
work in formulating has resulted 
in compositions with exceptionally 
high impact resistance, high heat 
distortion temperatures, and good 


HYDROXYETHYL CELLULOSE 


These hydroxyethyl ethers of 
cellulose are made by reacting 
alkali cellulose with ethylene 
oxide. The properties and charac- 
teristics of the ethers will depend 
upon: 1) the number of hydroxy- 
ethyl groups introduced into 
the cellulose (Degree of Substi- 
tution or D. S.); and 2) the de- 
gree of polymerization or chain 
length of the basic cellulose. 

Two distinct classes of ethers 
can be made: those which are 
soluble in aqueous sodium hy- 
droxide solutions and insoluble 
in water (D. S. about 0.3 to 2.5) 
and those which are soluble in 
water (D. S. over 2.5). The size 
of the cellulose molecule will also 
affect the solubility, and since 
the hydroxyethyl group contains 
an active hydrogen atom, long 
branch chains can be built up. 
Ethers soluble in organic solvents 
have been made. 

By controlling the molecular 
size, ethers can be made which 
will form good self-supporting 
transparent films, weaker films, 
and if degraded far enough, will 
deposit as a powder. 

The ethers which are soluble in 
aqueous sodium hydroxide solu- 
tions can be regenerated by neu- 
tralization of the alkali. The al- 
kali-soluble ethers can be used 
as textile finishes by padding on 
the solution and then neutral- 
ization. The type of finish is con- 
trolled by the molecular size, 
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processability. These improved 
physical properties along with the 
high degree of flexibility in for- 
mulating for specific end uses 
have made the use of ethy] cellu- 
lose attractive for many new ap- 
plications. 

Applications: The introduction 
of high-impact and high-heat- 
resistant formulations has further 
extended the possible uses of the 
material. Football helmets, bowl- 
ing pin bases, automotive arm 
rests, and floor sweeper parts are 
among the applications where the 
ability of ethyl cellulose to with- 
stand heavy abuse is used to ad- 
vantage. Ethyl cellulose is also 
used in flashlight cases, furniture 
trim, refrigerator breaker strips, 
luggage, military applications, and 


in a wide variety of other ex- 
truded tubes and shapes. 

Ethyl cellulose sheeting is 
transparent, tough, and flexible, 
yet rigid enough to withstand 
rough handling. It can be drawn, 
crimped, folded, or scored even 
through a beaded edge. Typical 
uses include blister packaging, 
transparent overlays for greet- 
ing cards, protective covering for 
photographs, cosmetic packaging, 
various display boxes, and other 
packaging applications. 

Applications for ethyl cellulose 
flake include hot melt strippable 
coatings for packaging gears, 
tools, bearings, etc., and various 
other uses in adhesives, paper 
coatings, printing inks, and gel 
lacquers. 





which is measured by the vis- 
cosity of the solution. Ethers can 
be made to give textiles a stiff, 
crisp finish or a soft hand. The 
finish is permanent and abrasion 
resistance is improved. Paper can 
be coated in a similar way. Pig- 
ments can be bound for dyeing or 
printing, e.g., finishing and print- 
ing of scrim for camouflage cloth. 

The alkaline solutions can be 
extruded into an acid bath 
through a wide slit to form a 
transparent film, or through an 
orifice to form a filament. 

The water-soluble ethers can 
also be prepared with different 
molecular sizes and viscosities so 
that on evaporation of the water, 
a good film, a weak film, or a 
powder will deposit. The water- 
soluble film or deposit can be 
made water-resistant by cross- 
linking with formaldehyde, gly- 
oxal, and a urea- or melamine- 
formaldehyde resin. 

Like a regenerated cellulose 
film, the ether films can be made 
more flexible by adding certain 
humectants, such as the poly- 
hydric alcohols. They are compat- 
ible with most water-soluble 
gums. 

Unlike the alkyl cellulose 
ethers which are insoluble in hot 
water, the hydroxyalkyl cellu- 
lose ethers are soluble in both 
hot and cold water. 

Uses for the water-soluble 
ethers include yarn sizing and 


textile finishing. Dimensional 
stability of a rayon fabric can be 
obtained with these materials. 
They are also used as a protective 
colloid in latex polymerization 
(water-base paints), as thicken- 
ing agents in cosmetics, and have 
been suggested for use in food 
products. Both types have been 
investigated by the paper in- 
dustry. Mixed ethers, such as 
ethyl hydroxyethyl cellulose, are 
commercial products. 

These ethers can be supplied as 
dry powders or in fibrous form 
similar to the wood pulp or cotton 
linters from which they are made. 
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Chlorinated polyether 


By GEORGE M. TAYLOR®* 


I. the manufacture of chlorin- 
ated polyether, the polymer is ob- 
tained from pentaerythritol by 
preparing a chlorinated oxetane 
and polymerizing it to a polyether 
by opening the ring structure. The 
resultant polymer is of high mo- 
lecular weight, linear in nature, 
crystalline in character, and, un- 
like most halogenated polymers, 
extremely resistant to thermal de- 
gradation at molding and extru- 
sion temperatures. 

Chlorinated polyether (eg. 
Penton’), first introduced to the 
plastics industry as a developmen- 
tal product in 1954, became com- 
mercially available in 1959 after 
an exhaustive evaluation program 
in a variety of industrial uses. 

Chlorinated polyether possesses 
a unique combination of mechan- 
ical, electrical, and chemical- 
resistant properties (consult the 
Plastics Properties Chart), and 
can be molded at economical rates 
in conventional injection and ex- 
trusion equipment. Being highly 
crystalline in nature, it has a low 
melt viscosity, which permits easy 
filling of molds, and a low mold 
shrinkage; ic. low volume 
change from melt to solid state. 
This facilitates the design and 
production of moldings to close 
tolerances. In changing from an 
amorphous condition to a_ solid 
during molding, chlorinated poly- 
ether crystallizes at a rate which 
provides hard, strain-free parts. 


Mechanical properties 


The mechanical properties of 
chlorinated polyether point up 
significant differences between this 
new polymer and other thermo- 
plastics. Heat-distortion tempera- 
tures are well above the normal 
thermoplastic range, and the ma- 
terial retains its tensile and allied 
strength properties at elevated 
temperatures, indicating its use 
where sterilization is required, in 
hot water equipment, valves, etc. 
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ORINATED POLYETHER 


Its extremely low water absorp- 
tion is accompanied by a degree of 
dimensional stability that under 
adverse conditions results in a 
dimensional change which is sub- 
stantially nil. 


Electrical properties 


Electrical test data obtained on 
chlorinated polyether, coupled 
with its physical properties and 
cost, place this new polymer in a 
class by itself. While its loss factor 
is such that it cannot be classified 
with such plastics as polystyrene, 
the completely fluorinated poly- 
fluorocarbons, or polyethylene, it 
is sufficiently low to rate the ma- 
terial as superior to most other 
thermoplastics. This superiority is 
quite evident when measurements 
are made under generally adverse 
conditions, such as exposure to 
water and to wide temperature 
changes. 


Chemical properties 


Chlorinated polyether provides 
outstanding chemical resistance to 
both inorganic and organic agents 
to a degree (see Table I, below) 
that represents a distinct advance 
over previously obtainable plas- 
tics. Its chemical resistance plus 
its high heat-distortion point now 


make it possible to handle end- 
uses at elevated temperatures 
(100 to 125° C.) which previously 
could be accomplished only with 
high-cost compounds. In general, 
it is resistant to all inorganic acids, 
except fuming nitric and fuming 
sulfuric. 


Processing 

Injection molding: Chlorinated 
polyether can be molded without 
difficulty using standard commer- 
cial heating cylinders and ordi- 
nary chrome-plated or polished, 
hardened steel dies. 

Gate size will be determined by 
part design. Pinpoint-type gates 
are satisfactory for parts with thin 
sections up to about 0.075 inch. 
Parts with wall sections above 
that thickness require larger 
gates, the size being governed by 
the cycling time and degree of 
sinking which occurs. Parts with 
complicated parting lines, core- 
pulling devices, and heavy wall 
sections have been molded on 45- 
sec. cycles using a %-in. dia. gate. 

Material temperature from the 
cylinder may range between 370 
and 465° F. The lowest possible 
temperature commensurate with 
thickness of molded section and 
gate size should be selected. 

Die temperature is a critical 
variable in obtaining rapid mold- 
ing cycles and a temperature of 
190 to 205° F. is necessary for 
optimum rate of setting in the 
mold. Outside this range, a mark- 
edly slower cycle results. 

Molding cycles are dependent 





TABLE |: Comparative chemical resistance of 
(Penton) chlorinated polyether 





Reagent 


Control (not exposed) 
Ethyl acetate 
Furane 

Acetone 

Toluene 

Heptane 

Ethylene dichloride 
Ethyl ether 

10% NH.OH 

37% HCl 

10% aniline 
Distilled water 


Weight 
change 

















PRECISION MOLDED PARTS of chlorinated polyether form the head 
of centrifugal pump (exploded view, above). Under severe service con- 


ditions 


pump’s molded parts resist corrosive attack of most concen- 


trated acids, alkalis, salts, and solvents, even at elevated temperatures 


on specimen thickness. Wall sec- 
tions up to %e in. can be molded 
in 20 sec. or less, while heavy wall 
sections of % to % in. can be pro- 
duced in 80 sec. or less. 

Because the melt viscosity of 
chlorinated polyether is quite low, 
thin sections are readily filled 
during the injection process. How- 
ever, screens or other obstructions 
are not required in the cylinder to 
prevent drooling. 

Extrusion: The material can be 
readily extruded into sheets, rods, 
tubes, and shapes. Sheet stock of 
0.005 to 0.030-in. thickness, rods of 
0.010 to % in. dia., and pipe or 
tubing up to % in. inside diameter 
can be extruded without difficulty. 

The extrusion can be accom- 
plished with screws designed for 
processing nylon, vinyls, and the 
cellulosics. 

Take-off baths or other means 
of controlling the cooling rate are 
not required for all shapes and 
sizes. However, where a fast rate 
of setting is a factor, a hot bath 
(190 to 195° F.) is necessary to 
obtain the most rapid crystalliza- 
tion and rate of hardening. 

Pre-heating of chlorinated poly- 
ether is recommended where in- 
creased extrusion rates are a fac- 
tor. It is similar to other thermo- 
plastics in this respect. 

Extrusion-barrel and die tem- 
peratures may range from 360 to 
450° F. The actual temperature 
selected will depend on the item 
being extruded; e.g., sheeting 0.005 
in. thick requires temperatures of 
about 430° F., whereas pipe of 
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heavier cross-section requires 
temperatures of only 360 to 400° F. 
Pre-drying of the molding pow- 
der for injection molding or ex- 
trusion is not necessary except in 
those cases where conditions are 
such as to cause condensation of 
moisture on the surface of the 
molding pellets. Such moisture 
can be removed before use by 
drying at 170° F. for one hour. 


Fabrication and markets 


Chlorinated polyether sheet, 
rod, tube, or block stock can be 
readily machined into dimension- 
ally stable parts designed for use 
as prototypes or for short runs 
of custom-built equipment. 

Precision injection moldings 
providing parts with good electri- 
cal, mechanical, and chemical-re- 
sistant properties are already in 
commercial use. Complete anti- 
corrosive processing systems can 
be assembled with chlorinated 
polyether parts. Components are 
available for pumps and meters 
including heads, gears, and pump 
impellers, Valves, pipe, and pipe 
fittings and parts for refrigeration 
and photographic equipment are 
being injection molded with the 
material. 

Solid pipe extruded with chlo- 
rinated polyether is being pro- 
duced in sizes ranging from % to 
2 in. in lengths up to 20 feet. Ex- 
truded tubing with an outer 
coating of vinyl is also available 
in sizes ranging from % to %4 
inches (I.P.S.). 

Linings of chlorinated poly- 









ether for metal pipe, fittings, 
valves, pumps, and meter parts 
can be extruded or injection or 
transfer molded. 

Chlorinated polyether coatings 
ranging in thickness from % to 
60 mils, can be applied to steel, 
aluminum, glass, paper, or other 
substrates by water or solvent 
suspension systems or the fluid- 
ized-bed process. Coatings give 
excellent protection against the 
corrosive attack of acids, alkalies, 
and solvents and are in wide- 
spread use for valves, pipe and 
fittings, meters, pumps, and tanks. 
A tough, anticorrosive barrier can 
be applied to even the most in- 
tricately designed mechanisms. 

Chlorinated polyether sheet can 
be applied to low-cost metal sub- 
strates by the use of a straight- 
forward adhesion system and 
conventional gas welding tech- 
niques to obtain highly corrosion- 
resistant tanks and processing 
vessels. 

The present markets for chlo- 
rinated polyether have broadened 
considerably over the past year. 
Use of the material is extending 
to areas where high-temperature 
corrosion problems exist, such as 
pulp and paper manufacturing, 
electro-plating, and chemical mill- 
ing. Precision moldings of chlo- 
rinated polyether are replacing 
metal die castings, where its com- 
bination of mechanical, electrical, 
and chemical-resistant properties 
are required. 
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Cu. molded plastics were in- 
troduced in the United States 
near the beginning of this cen- 
tury by Emile. Hemming. They 
differ basically from the more 
common plastics molding ma- 
terials in that they must be baked 
after removal from the mold to 
oxidize and polymerize the binder 
materials. Cold molded plastics 
fall into two main categories 
based on the types of binders 
employed—organic, and inorganic 
or refractory. The organic ma- 
terials are divided into two types 
—bituminous (asphaltic binder) 
and synthetic resin (phenolic 
binder). Asbestos is a common 
filler for both types and it pro- 
vides high-heat resistance to the 
finished molded piece. 

Bituminous binder: This binder 
is composed of asphalt, gilsonite, 
stearine pitch, or vegetable pitch 
blended with oils, such as linseed, 
castor, and tung, to form a var- 
nish-like resin. This resin is re- 
duced to proper viscosity with 
solvents, mixed with asbestos 
fiber, seasoned, ground, and 
finally screened. 

Phenolic binder: Phenolic resin 
is treated with a solvent to pro- 
duce a solution of the proper 
viscosity; then it is mixed with 





Cold molded organic plastics 


asbestos fiber, seasoned, ground, 
and screened to proper size for 
the molding job to be done. 

Since the cold molded plastics 
can be squeezed into shape by 
pressure alone, production is 
rapid—as high as 3500 to 4000 
pieces/hour with certain types 
of equipment. Baking, required to 
set the piece after shaping, can 
be accomplished for a large num- 
Ber of pieces simultaneously, and 
usually consumes one to several 
days, depending upon the size and 
cross-section of the piece. On 
small thin pieces the baking cycle 
may be considerably under 24 hr.: 
heavier cross-sections may re- 
quire up to 72 hours. When 
organic binders are used, the tem- 
perature starts at approximately 
175° F. and is raised in hourly 
increments of 10 to 20 degrees un- 
til it reaches a high of approxi- 
mately 450° F. 

Ease of fabrication varies ac- 
cording to the type and percent- 
age of abrasive components. Mold 
wear is also affected by abrasive 
content. In general, ccld molded 
articles tolerate metal inserts. 

General characteristics: Cold 
molded articles usually lack the 
surface smoothness, gloss, and 


appearance that characterize hot 


HEAVY DUTY METER MOUNTING (left) is of mineral-filied phenolic, 
bonded and molded at about 10,000 p.s.i. Material fills requirement of 
imensional stability and no cold flow. Assembly of molded arc chute 
right) is of mineral-filled cold-molded compound, selected for its 
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ctive arc-quenching nature (Photo, Rostone Corp.) 






molded items. Dimensional dif- 
ferences are relatively large. 
Through modification of com- 
pounds and advances in process- 
ing, strides have been successfully 
made in stabilizing and improving 
these characteristics. 

With some of the newer types 
of compounds, dimensional varia- 
tion and design limitations are not 
so critical. Tensile strength has 
been improved. Baking is not 
necessary unless increased tensile 
strength is essential, or acceler- 
ated setting is desired. Color 
range has been greatly broad- 
ened. Mold wear has been re- 
duced. New free-flowing powders 
are adaptable to rotary presses, 
and small pieces can be pressed 
up to 300 per minute. 

Phenolic compositions surpass 
bituminous types in both me- 
chanical and electrical properties, 
and can be made with a finish 
that is at least comparable to that 
obtained in hot molding. Both 
types exhibit resistance to high 
heat and most alkalies and sol- 
vents, and are nontoxic and rela- 
tively low in cost. Most of these 
compositions are molded on hy- 
draulic presses supplied with oil 
pressure ranging from 2000 to 
4000 psi. The somewhat soft 
pieces are seasoned on perforated 
trays at room temperature before 
baking. 

Applications: Cold molded or- 
ganic plastics find applications in 
many electrical products. 
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Coumarone-indene resins 


Petroleum resins 


Polyterpene 


Wea are many varieties of 
low-molecular-weight hydrocar- 
bon resins. They are, however, all 
characterized by relatively low 
softening points (ball-and-ring), 
usually 100 to 110° C.; however, 
some varieties may run as high 
as 160° C. They are also charac- 
terized by low molecular weights 
—often around 1000—although 
some varieties may run as high 
as 25,000 while the softer grades 
may be considerably below 1000. 

Traditionally these resins are 
prepared from byproducts of huge 
scale operations and often the 
starting materials contain more 
than a single resin former. There 
is a noticeable trend to use purer 
materials to reinforce feed stocks 
or to form polymers or copoly- 
mers with improved properties. 
Also, the raw materials are often 
further refined before converting 
them to resins. 

The first and still an important 
raw material for hydrocarbon 
resins is found in certain frac- 
tions of coal tar distillates. 
Coumarone and indene are the 
principal resin formers in these 
streams and the resins are tradi- 
tionally called by that name, 
but cyclopentadiene, dicyclopen- 
tadiene, and styrene and its 
homologs are also used to form 
resins. The styrene in coal tar, 
however, is not purified to the 
degree required to produce poly- 
styrene for injection molding. As 
consumption of thermoplastic 
hydrocarbon resins expanded, the 
demand outran the supply of coke 
oven and gas tar crudes and other 
sources of resin formers had to 
be sought. Petroleum distillate 
from cracking operations was the 
answer. 

The petroleum resins vary 
somewhat in composition and in 

Pennsylvania Industrial Chemical Corp., 120 


State St., Clairton, Pa. 
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character; their aromatic content 
varies widely—some have no 
aromatic structure whatsoever 
while others have an appreciable 
content of aromatic structure and 
are used where coumarone-in- 
dene resins were formerly em- 
ployed. 

Polyterpene resins extend the 
field of low-molecular-weight res- 
ins and offer properties that make 
them unique in this field. They 
are more expensive than petro- 
leum resins and must justify their 
use by their special properties in 
any given application. 


Coumarone-indene resins 


Coumarone-indene resins are 
available in many varieties vary- 
ing from soft plasticizing resins to 
hard brittle resins of 140° C. 
softening point (ball-and-ring). 
Colors of these resins measured 
on the coal tar scale may be 
pale yellow of color 1 to quite 
dark brown. Solubility of these 
resins is excellent in aromatic 
hydrocarbons, but in mineral 
spirits or other aliphatic solvents 
the higher melting resins may be 
only partly soluble and require 
the addition of 20 to 30% aromatic 
hydrocarbon to bring them into 
solution. Resins of controlled 
solubility are available for par- 
ticular applications. 

Resins are manufactured by 
treating the unsaturated fractions 
with an acid-type c“.talyst, condi- 
tions varying somewhat with the 
type of resin desired. Also, 
streams may be blended to give 
the desired finished resin. After 
polymerization is complete, the 
catalyst must be entirely washed 
out of the resin solution and neu- 
tralized. The solvents are then 
stripped from the washed solution 
by steam, or in vacuum, or by a 
combination of steam and vacuum. 

The low - molecular - weight 


By P. 0. POWERS* 


polystyrene resins should be con- 
sidered with the coumarone- 
indene resins, first, since some of 
these resins are derived from 
styrene or its homologs from coal 
tar, and second, because their 
properties and applications are 
more closely related to the coal 
tar hydrocarbon resins than to the 
higher-molecular-weight resins 
used for molding. 

They are, however, consider- 
ably tougher and more viscous 
than the coumarone-indene resins 
of equal softening point. In addi- 
tion, the polystyrene resins from 
synthetic raw materials are con- 
siderably better in color and color 
stability. The resins are offered in 
softening points from 5 to 150° C. 
ball-and-ring. They are used in 
many of the same applications as 
coumarone-indene resins, partic- 
ularly where color stability and 
film strength are required, e.g., 
coatings and adhesives. 

Applications: Coumarone-in- 
dene resins often are used as 
processing aids, extenders, or 
plasticizers with more elastic and 
tougher resins or rubber. Their 
addition inevitably improves 
water resistance and often helps 
adhesion. They are also used in 
coatings, particularly in concrete 
sealers, flat wall paints, wall 
primers, and aluminum vehicles. 

Coumarone-indene resins are 
widely used as reinforcing resins 
with synthetic rubber, and the 
softer grades are employed as 
processing aids and tackifiers. The 
harder grades have a reinforcing 
effect, particularly in non-black 
stocks with styrene-butadiene 
synthetic rubber. This effect is 
more pronounced with the less 
soluble resins. 

Asphalt tile is one of the major 
outlets for coumarone-indene 
resins. Resins of controlled solu- 
bility are produced especially for 
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this field. Scrap molding grade 
polystyrene has been widely 
used with these resins to ex- 
tend and reinforce them, and 
has necessitated development of 
special plasticizers for use in 
resin blends. 


Petroleum resins 


Production of petroleum resins 
has increased greatly in the past 
few years, while the production of 
coumarone-indene resin has in- 
creased to a much less degree. 
Since the available raw material 
supply for coal tar hydrocarbon 
resins is not expanding, the resin 
production must be expected to 
remain substantially constant. In 
the case of petroleum resins, not 
only has the total production in- 
creased, but new types of petro- 
leum resins have been offered 
and the resins have been made 
available in solution, in solid, and 
in emulsion form. 

Light-colored petroleum resins 
are soluble in mineral spirits in 
all proportions. Resins are avail- 
able in solid and flaked form at 
melting points of 100° C. and 
higher. Petroleum resin emulsions 
of good color are available in all 
emulsion forms, both the anionic 
and non-ionic types, adapted for 
use in coatings and paper size, 
and for other industrial uses. 

Certain petroleum resins pos- 
sess a moderate iodine value and 
are susceptible to reaction with 
oxygen. Stabilized varieties are 
available which do not oxidize 
even with prolonged aging. Pe- 
troleum resins, in general, have 
better color stability than do 
coumarone-indene resins. The io- 
dine value of hydrocarbon resins 
is considerably higher than their 
actual unsaturation would indi- 
cate. Also, conditions for deter- 
mination of the iodine value must 
be rigorously standardized to 
give consistent values. 

Applications: Petroleum resins 
of pale color are available with 
anionic, cationic, and non-ionic 
emulsifier systems. Anionic emul- 
sions have been popular for rein- 
forcing latex paints and are used 
with styrene-butadiene, poly- 

yl acetate, and acrylate paint 

stems. The addition of the 
nulsion imparts improved ad- 
sion and often better scrubba- 
ity. Emulsions are also avail- 


able for the sizing of paper and 
may be used in conjunction with, 
or in place of, rosin or fortified 
rosin sizes. The cationic and 
non-ionic emulsions are relatively 
new and are employed where 
water resistance and resin rein- 
forcement are desired. 

Petroleum resins find wide use 
in rubber compounding. The 
softer resins are used as plas- 
ticizers, while the harder resins 
are used to impart stiffness to 
synthetic rubbers. A notable im- 
provement in tensile strength and 
cut growth is accomplished by 
the incorporation of such resins 
in the formulation. 

Pale petroleum resins can be 
used with the drying oils to pro- 
duce water-resistant varnishes. 
Gloss and adhesion are also im- 
proved by their use. Color stabil- 
ity of petroleum resins is con- 
siderably better than that of the 
coal tar resins. Petroleum resins 
find extensive applications in ad- 
hesives and saturants. They are 
also widely used to modify other 
resins. Petroleum resins are 
readily soluble in paraffinic and 
chlorinated hydrocarbons, but are 
generally insoluble in the lower 
alcohols or ketones. 

Petroleum resins are also find- 
ing application with paper, par- 
ticularly as a hot-melt saturant 
for corrugated. A 70° C. softening 
point petroleum resin results in 
much-improved water resistance, 
and also considerably stiffens the 
resulting board. The resin pene- 
trates the board on heating. In 
addition, petroleum resins are 
finding other uses as a water- 
proofing and reinforcing saturant 
in fiber and particle boards. The 
resin may be applied either in 
emulsion form or as a hot-melt. 


Terpene resins 


Polyterpene resins are firmly 
established in the adhesives and 
coatings fields, and wherever a 
readily soluble hard resin of good 
color is required. In the past year 
the polyterpene resins have been 
in rather short supply due to the 
greatly increased demand. 

Commercial polyterpene resins 
are lower in density than the coal 
tar or most petroleum resins. Re- 
cent improvements in manufac- 
turing methods have resulted in 
better and lighter-colored resins. 
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Grades melting front 10 to 135° C. 
(ball-and-ring) are produced. 
The harder varieties are available 
in flake form. They are composed 
in their entirety of hydrocarbon. 

Applications: The terpene resins 
are used with drying oils in 
varnishes. Such varnishes made 
with tung oil have exceptional 
heat resistance. The vehicles con- 
taining terpene resins have good 
color retention. 

Polyterpene resins are com- 
patible with many waxes and may 
be used in emulsion waxes. They 
are compatible with polybutenes, 
chlorinated and cyclized rubbers, 
and long-oil alkyds. They are 
used in concrete curing com- 
pounds where a pale solution is 
required. Since  polyterpenes 
blend readily with natural and 
synthetic rubbers, they are used 
in rubber compounding adhesives. 
Since these resins are nontoxic, 
they can be used in food packag- 
ing. Light color, tack, and stability 
make them popular in pressure- 
sensitive adhesives. 

Terpene polymers show wide 
compatibility with polyethylene 
and are very useful with the more 
fusible polyethylenes. 


References 

Consult the Subject Index for 
additional information concerning 
coumarone-indene, polyterpene, 
and petroleum resins. See also the 
Coatings Chart for information on 
properties of coatings based on 
these materials. For sources of 
these resins, see Directory Index, 
p. 1060. 

“Coumarone-indene resins,” by 
L. M. Geiger, Encyclopedia of 
Chemical Technology, Vol. 4, 
page 594. 

“Terpene polymers,” by P. O. 
Powers, preprint booklet, Paint, 
Varnish & Printing Inks Div., 
American Chemical Society, 1957 
Spring Meeting. 

“Compatibility of coumarone- 
indene_ resin/solvent systems,” 
A. C. Zettlemoyer and Jack Van- 
derryn, Ind. Eng. Chem. 49, 220 
(Feb, 1957). 

“Terpene resins,” by W. J. Rob- 
erts and A. L. Ward, Encyclopedia 
of Chemical Technology, Vol. 12. 

“Petroleum resins,” by P. O. 
Powers, First Supplement Vol- 
ume, Encyclopedia of Chemical 
Technology. 





Methy! Methacrylate Resins 


Acrylite 


cast sneet 


Acryester 


monome 


Acrypet 


setlC 
njec ahi 


mile} iciislemme)—iil-a6. 


ACRYLITE 


Si Se in hii i 


OOOH 


Acrycon’ AC Acrycon’ DAC “al Diapet’ 
modified acrylic injection 


powders for 
molding pellets 


compression 
dental use 


molding powders 


“the registered trademarks of Mitsubishi Rayon in Japan 


MITSUBISHI RAYON CO., LTD. 


No. 8, 2-chome, Kyobashi, Chuo-ku, Tokyo, Japan 
Cable Address: SHINRAYCO TOKYO 
Osaka Branch No, 22, 2-chome, Nakanoshima, Kita-ku, Osaka, Japan 
Cable Address: SHINRAYCO OSAKA 
Nagoya Branch No. |, 4-chome, Horivchicho, Nakamura-ku, Nagoya, Japan 


Address: Head Office 















THERMOSETTING 
MOLDING COMPOUNDS 


HETRON® 
FIRE-RETARDANT 
RESINS FOR 
REINFORCED PLASTICS 






BONDING AND 
COATING RESINS 


NEW! on page 2 


HETROFOAM® 
FIRE-RETARDANT 
RIGID FOAMS 











DUREZ PLASTICS: DIVISION 


HOOKER CHEM A CORPORATION WAL < 






HETROFOAM 
fire-retardant rigid foams 


Hetrofoam is the name of a new family of resin systems 
that produce rigid, self-extinguishing thermosetting 
foams 

Molded into slab form, or foamed in place, these ma- 
terials deliver an ideal combination of properties for 
refrigerator insulation, building panels, pipe coverings, 
flotation material, and many other uses. 


fire retardance, without loss of other qualities, is 
an outstanding characteristic of these foams. Unlike 
other polyurethane systems, Hetrofoam has fire re- 
tardance chemically and permanently locked in every 
molecule. 

Foams made with Hetrofoam will burn upon ap- 
plication of a direct flame, but quickly snuff out when 
the flame source is removed. 

Since fire retardance is achieved without use of 
additives, the foam retains its physical properties un- 
impaired and undiluted. 


low k factor Initial k factor as low as 0.10-0.12 
at 75°F, for a foam weighing 2 lb./cu. ft., plus ex- 
cellent k factor stability, combine to make Hetrofoam 
an ideal insulation for home refrigerators, freezers, 
vending and dispensing machines, refrigerated trucks, 
and railroad cars. 

Foamed in place as a core for sandwich panels, 
Hetrofoam produces a permanent high-strength bond 
to the skin surfaces enclosing it. 


for complete information on properties, appli- 
cations, and technical help to meet your specific 
needs, write to Durez Plastics Division, Hooker 
Chemical Corporation. 





RETARDS FLAME Hetrofoam rates as “self-extinguishing” or as 
“non-burning” by ASTM D-1692-59T. Flame spread of typical foam- 
ed systems is confined to a range between 0.26 and 0.75 in./min. by 
ASTM D-757-49: Fire retardance is inherent, permanent, achieved 
without additives and with full retention of physical strength. 





PLASTICS 


thermosetting molding 
compounds 


WHEN TO USE 


In general, designers specify a thermosetting molding 
compound to meet one of the following product require- 
ments or any combination of them: 


low cost General-purpose phenolics are the low- 
est-priced compounds, per pound and per unit of 
volume. Molding costs per piece are low, and are 
moving lower with increasing use of automatic mold- 
ing equipment. 

dimensional stability Phenolics and diallyl 
phthalates exhibit high degrees of resistance to 
deformation under load (cold flow), and swelling or 
shrinking due to absorption of moisture. Molded 
parts exhibit relatively slight change in dimensions 
with changes in temperature, an advantage in the de- 
sign of precision devices. 

heat resistance Most thermosetting compounds 
can be safely specified for operation at temperatures 
above 300°F. Some can go as high as 500°F. 
moisture resistance Thermosets stand long 
exposure to moisture with relatively slight change in 
strength and other characteristics. Outstanding in this 
respect are Durez diallyl phthalates. 


electrical insulating properties A_ wide 
choice of electrical-grade thermosetting compounds 
permits accurate selection of the desired levels of ate 
resistance, dielectric strength, insulation resistance, 
dissipation factor, in combination with heat and mois 
ture resistance and other physicals. 

impact strength Compounds filled with cotton 
flock, cellulose, sisal, or glass fiber provide a range of 
medium- and high-impact materials suitable for in- 
dustrial housings, pulleys, automotive transmission 
parts, oil-pump gears, and other applications of hard 
usage. 

chemical resistance Thermosetting compounds 
are inert to most common solvents and weak acids, 
Many available compounds are resistant to food and 
beverage stains, and are unaffected by skin acids and 
perspiration. 


WHERE TO GET MORE FACTS 

The plastics molder is familiar with Durez materials, 
and experienced in matching them to the designers 
needs. His services include cost estimating, advice on 
mold design, and quality control to meet specifications. 
Whenever possible, call him in early. He can often sug: 
gest ways to reduce molding cost or provide savings im 
assembly. 

For information on specific Durez molding materials, 
write us outlining the requirements. Design data re.dily 
available include molding characteristics, propertics of 
compression-molded material, machining and finis!ing 
characteristics, and suggestions on piece design. 

Durez sales engineers and technical service men will 
gladly consult with you on any problem involving a 
terial selection or application. Many compounds afe 
formulated to meet special needs. 
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Threaded lens barrel for projector. 


Duct and blower for gas washer-dryer. 


DUREZ moliding compounds 


general-purpose 


By far the greatest quantity of rigid plastic 
parts are molded of ee phe- 
nolics, the lowest-cost compounds. These 
materials consist of phenol-formaldehyde 
resins to which has been added wood flour 
or other filler. 

When such a compound is compressed in 
a hot mold, it becomes plastic and flows, fill- 
ing the mold cavity. Then it hardens by ir- 
reversible chemical reaction. Products so 
molded are rigid. Once molded, they do not 
melt, soften, or change shape with further 
exposure to heat. 

Qualities most often considered when se- 
lecting a rom gy phenolic include 
mechanical strength, dimensional stability in 
the presence of heat and moisture, corrosion 
resistance, surface smoothness and gloss, 
electrical characteristics, and machinability. 

Since no material is ideal for every appli- 
cation, some 20 Durez general-purpose com- 
pounds are offered. All provide the most 
looked-for properties in balanced degree. At 
the same time, the wide variety makes pos- 
sible close matching of design requirements 


impact 


New Durez impact phenolics open the 
door to many possibilities for better per- 
formance in high-strength parts. Izod im- 
pact higher than 17 ft.-lb./in. can be 
achieved. One example is a reverse clutch 
cone for automatic car transmissions. The 


electrical and electronic 


Light weight, dimensional stability, and 
excellent insulating properties are obtained 
with Durez electrical-grade phenolic mold- 
ing compounds. Some are formulated espe- 
cially for molding around large metal inserts. 
Several are designed to meet military speci- 
fications. Available also, for highest-quality 
components, are Durez diallyl phthalate 


other types 


heat-resistant phenolics, with mineral 
fillers, withstand high operating tempera- 
tures and yet retain a high degree of dimen- 
sional stability. 


Most compounds in this class are designed 
to take 72-hour heat treatment at 392°F. 
Some will survive 500°F. for shorter peri- 
ods, without serious impairment of physical 
properties or molded appearance. Several 
types of these compounds are currently 
available. 


with a compound that emphasizes any one 
property, or a specific combination of prop- 
erties. 


piece design an take advantage of the 
materials’ ability to accommodate molded-in 
metal inserts, contacts, terminals, wires, and 
inlays to simplify later assembly. Strong 
threads can be molded in without extra 
operations. Self-tapping screws may be used 
in molded-in holes. 

Tolerances can be held to +.002” on 
small dimensions, though +.004” is more 
usual, 


machining Molded pieces can be Wheel- 
abrated, filed, sanded, ground, tapped, and 
drilled. Milling and turning, while not rec- 
ommended, is satisfactory with some com- 
pounds, depending on type of filler. 


finishing Molded pieces can be tumble pol- 
ished to provide high gloss, or buffed. Phe- 
nolics can be marked by branding or ma- 
chine engraving. Pieces can be painted or 
vacuum metallized. 


part is subjected to severe static and dynamic 
friction, developed heat, a 5,000-Ib. force of 
an actuating piston, and the chemical effects 
of transmission oil. It outperforms metal 
counterparts, weighs less, and costs less to 
produce. 


compounds reinforced with orlon or glass 
fiber. These materials retain high insulation 
values over extended periods at relative 
humidities above 90%. They exhibit con- 
sistently reproducible arc resistance, and pro- 
vide virtual freedom from cold flow and 
creep. They are widely used in rocket and 
missile components. 


non-bleeding Intended primarily for 
caps and closures, these odorless phenolics 
are highly resistant to most common organic 
solvents. Some will stand repeated auto- 
clave sterilization at 275°F. 


special-property compounds of sev- 
eral types are offered for applications 
demanding highest resistance to chemical 
corrosion of moisture penetration. Also 
available are phenolics with self-lubricating 
properties. 


For more detaiied selection data, see pages 4 and & 
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Caps and clo- Pieces that must 
sures, esp. for withstand _higher- 
Pieces requiring balanced properties at lowest cost. Examples: products con- than-usual service 
USES cases, cabinets, housings, tube bases, sockets, switches, other taining alcohol. temperatures, Ex- 
electrical components, control knobs, utensil handles, telephone Not recom- amples: _ electric- 
handsets. mended for iron and utensil 
electrical appli- handles, toaster and 
cations. coffee-maker parts, 
Most phenolics 
Part design and mold construction are simplest when general- perform well at 
-— compounds can be used. Special variations developed temperatures up to 
y pores —_ om — to do better jobs in ee oo odor ~~ i ee 
DESI Do applications. For example, when noncorrosive properties are n and taste are ard materials are 
SIGN ADVANTAGES in electrical applications, Durez 15528 should be specified. Simi- important here. designed for service 
larly, some general-purpose compounds possess improved machin- Starting at 300°F 
ability, insulation resistance, and resistance to perspiration acids. py as high 
as : 
PROPERTIES = 
physical method 
color brown black black black black black black brown black black 
specific gravity, avg. D782 | 1.42 1.36 1.40 1.37 1.36 1,38 1.38 1.38 1.59 1.64 
molding shrinkage, in/in, avg. D5 | 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.007 0.004 0.004 
water absorption, %, max. D5 | 07 0.7 0.5 0.6 0.5 0.7 0.8 1.0 04 0.2 
distortion under heat, °F , 264 psi, min. D648 | 310 300 300 320 320 270 325 320 300 360 
mechanical 
impact, Izod, ft-ib/in, min. Dé | 0.28 0.28 0.26 0.31 0.31 0.28 0.28 0.30 0.26 0.28 
flexural strength, psi, min. D 790 | 10,000 11,000 11,000 11,000 10,000 9,000 9,000 10,500 9,500 8,500 
tensile strength, psi, min. D638 | 7,000 7,000 7,000 7,000 7,000 6,000 7,000 7,500 6,500 5,500 
compressive strength, psi, min. D685 | 30,000 30,000 30,000 30,000 20,000 25,000 25,000 30,000 28,000 25,000 
modulus of elasticity in tension, psi, avg. | 0638 | 15x10 | 12x10 | 13x10 | 12x10 | L1x1® | 12x10 | 14x10 | 11x10 | 15x10 | 16x16 
hardness, Rockwell, M scale D5 | 115 116 113 113 112 110 110 107 112 112 


















































Mil-M-18794 





electrical 
dicleciric strength, v/mil, min.: D148 
short time 320 400 350 350 350 325 200 300 350 300 
step by step 260 260 275 275 275 250 200 250 270 275 
volume resistivity, ohm cm, min. D2? | 1x10" 1x10" | 5x10 1x10 1 x 10 1x10 1x10? | 1x10" 1x 10" 
dissipation (power) factor, avg.: D 150 
60 0.08 0.07 0.2 0.06 0.07 0.05 0.05 0.09 - 0.18 
1 0.05 0.04 0.09 0.04 0.037 0.04 0.06 0.18 
1 megacycle 0.04 0.03 0.045 0.035 0.033 0.04 0.05 0.04 0.035 0.07 
Geleciric constant, avg.: D 150 
60 6.2 5.8 77 5.6 5.7 6.0 6.5 7.0 12.8 
1 5.6 5.4 6.9 5.2 5.3 6.0 6.1 9.6 
1 megacycie 48 47 5.0 46 4.7 5.0 7.2 5.5 5.0 55 
are resistance, sec., avg. D 495 
designed to meet military specifications: 
Mil-M-14F CFG CFG CFG 
Mil-P-10420 Class 2 
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This table presents values of representative Durez products, based on tests 


of compression-molded specimens. Many other materials are available. For 


complete information, consult your molder or write us direct. 






































Pieces subject to comparatively rough han- 
dling or heavy wear. Examples: automotive 
transmission parts, oil-pump gears, tele- 
phone parts, bushings, caster wheels, tool 
arts, pulleys, instrument cases, machine 
jousings. 


When extra resistance to shock is needed, 
impact materials should be considered. A 
wide range of these rugged materials, with 
impact values from 0.37 to 15 ft-Ib/in, enables 
the designer to avoid expensive over-engi- 
neering. 


natural 
1.83 
0.0009* 
0.8 

600 


CFG 
Class 3 


1544 16771 17080 17156 
* expansion 


The information presented herein, while not a guarantee, is to 
the best of our knowledge true and accurate. No warranty or 
guarantee is made regarding performance or stability of any 
product, since the manner of use and conditions of storage and 


electrical phenolic 


Pieces subject to electrical stress. Examples: automotive 
— parts, resistor casings, coil forms, tube bases, 
istributor caps, commutator assemblies, electronic com- 
ponents of many types. 


Properties needed in automotive ignition systems differ, of 
course, from those needed in heavy-duty circuit breaker 
parts. We will gladly help you evaluate the often subtle ad- 
vantages of one electrical-grade material over another for a 
specific problem. As one example, Durez 16694 diallyl 
phthalate meets situations where absolute reliability of the 
insulation resistance, in hot-or-cold and wet-or-dry condi- 
tions, is a must. 


natural 
1.75 
0.003 
0.06 
285 


271 16274 18001 16694 17877 


or local laws, 


Pieces in contact with water and 
detergents, or requiring exceptional 
corrosion resistance. Examples: 
washing-machine agitators, pumps, 
valves, roller guides. 


Resistance to soaps, detergents, 
chemicals, and unusual moisture 
conditions are built into these 
materials. Durez 13856 is for- 
mulated to meet “wet inside and 
dry outside” applications. 


B 13856 


handling are beyond our control. No suggestion for product use 
shall be construed as a recommendation for its use in infringe- 
ment of any existing patents or to violate any federal, state, 





PLASTICS 


when to use HETRON® resins 


Hetron polyester resins produce strong, fire-retard- 
ant laminates and molded shapes of virtually any size. 

The resins are designed for use with a reinforce- 
ment of fibrous glass mat, glass cloth, chopped rov- 
ing, or textile fabric. Rigid, semi-rigid, or flexible 
laminates can be made, depending on the resin se- 
lected. Further choice of rigid and semi-rigid resins 
permits emphasis on heat resistance, impact, and fin- 
ishing qualities. 

Among the design considerations leading to selec- 
tion of a Hetron resin are the following: 


LUGGAGE POD molded of self-extinguishing Hetron holds 35 suitcases; expedites baggage 
handling to and from jet airliners. 


patel 


structural strength required over a large sur- 
face area; high strength-to-weight ratio. 


fire retardance for applications where con- 
ventional laminates constitute a hazard, or where 
building codes or imsurance regulations require a 
slow-burning or self-extinguishing material. 


corrosion resistance, as for chemical duct- 
work 


arc resistance and other insulating qualities. 


smooth, hard surface with good impact 


strength and finishing properties. “ 
ee ee ee QUIETNESS and strength are major SAFE DAYLIGHTING PANELS made 


light transmission, for applications such as advantages of Hetron in outboard-motor with Hetron carry U/L and Factory 
industrial glazing or interior decoration. shrouds. Mutual labels. 
integral color. 


applications Current uses for Hetron laminates “<i 
include automotive fenders and other body parts; —— 


ov vg 
: d ? 
commercial aircraft luggage ds, air-conditioning =. awe? 
ducts, cockpit glare shields, and light-diffuser panels ; - : ° fy 
industrial glazing and roofing; corrosion-resistant a Fie} | 
blowers, ducts, and fume hoods; bus seats; fire- SB + er - “ 
retardant pleasure craft; corrosion-resistant utility- , 
boat hulls; outboard-motor housings; business-ma- 
chine housings; insulation for heavy-duty metal-clad 
switchgear; perforated wiring ducts for electrical con- 
trol panels 

Military uses include aircraft wing tips, tail fins, 
window frames, air ducts, battery trays, radomes, and 
antenna covers; 40-foot landing craft hulls; 55-foot 
radomes for perimeter defense; portable hangars for . % 
jet aircraft. : 


“- 


paper-based laminates Laminates prepared CHEMICAL SCRUBBER is fabricated of Hetron to resist corrosive fumes that would 
from phenolic pre-impregnated kraft paper and quickly chew holes in most metals. It is believed to be the largest industrial item ever 
Hetron 92 have water absorption values ranging from built of reinforced plastic. 
0.3% to 1.0% on a Yg-inch specimen, depending on 
resin content and method of preparation. Advan- 
tages of these laminates over phenolic NEMA XXX 
grade include excellent fire retardance, shorter im- mechanical electrical 
pregnating and curing time, and use of low-pressure tensile strength, psi 21,700-40,400} dielectric strength, v/mil, s/t 
forming oment (100-400 psi) compressive strength, psi 23,600-37,500 s/s 
ng equipmer Pt). flexural strength, psi 37,200-55,100} volume resistivity, ohm em 
, : : flexural modulus, psi x 10¢ 1.9-3.0 tssipation factor, c 
for more information, request the complete impact. Izod, ft-lb in 15.30 1 ke 
data file on Hetron resins. We shall be glad to sup- Hardness, Barcol 45-55 
‘ , : . .. . J burning rate, in/min 0.12 
ply names of leading fabricators who can produce flammability SELF-EXT = 
sheets, panels and molded shapes made with Hetron. arc resistance, sec 
Durez technical service men are ready to work with 


, : : rcial fab- 
ou or with yu bricato ‘ otential ap li- * WE DO NOT PRODUCE LAMINATES, but will gladly furnish names of leading commer::4 

y ¥ your fa f on any Pp PP ricators who can supply laminates made with Hetron. Values shown are representative, sed on 

tests of laminates of various thicknesses and glass/resin ratios. 





typical glass laminate properties* 


1 me 
dielectric constant, 60 c 
1 ke 
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HETRON)? fire-retardant resins 


properties of HETRON laminates 


physical Hetron laminates are self-extinguishing. Flame 
retardance is chemically inherent in the resin, obtained with- 
out additives and consequently without loss of mechanical 
strength. 


Typical panels test within a range of 20 for highly filled 
panels to 75 for translucent panels in flame-spread rating by 
ASTM E84-50T (Tunnel Test), as compared with ratings 
of 100 for red oak and over 400 for conventional unfilled 
polyester panels. 


Castings cured without filler exhibit heat distortion points 
as high as 300°F by ASTM D648-45T. 


mechanical Typical 14-inch rigid laminates containing 
40% resin and 60% glass cloth exhibit flexural strength of 
68,700 psi at 73°F, and 55,100 psi at 160°F. 


Water absorption is very low. After a two-hour boil the 
same laminates have flexural strength of 59,800 psi at 73°F. 
Flexural modulus of 3.1 x 10° psi at 73°F is equally well 
retained after a two-hour boil. Compressive strength is 
35,000 psi and tensile strength 40,000 psi at 73°F. 


electrical Good electricals, plus flame retardance, make 
Hetron a preferred choice for glass-reinforced sheet insula- 
tion in heavy-duty circuit breakers and other apparatus. Other 
properties include very low loss factor over a wide range of 
frequencies; dielectric constants generally lower than with 
resins of this type; relatively slight change in properties with 
exposure to high humidity. 


chemical Laminates withstand long-time immersion in 
water, dilute hydrochloric acid, 60% sulfuric acid, and 
kerosene over a range of temperatures with little or no weight 
change. 


typical properties of HETRON® RESINS as supplied 


characteristics 


suggested applications 


viscosity, 

Brookfield, 

TPF, Cps., 
avg. 








Very high fire retardance. High heat dis- | Machine housings, electrical insulating board and 


tortion point. Good resistance to water 
absorption. Low viscosity. Low shrinkage. 


parts, radomes, aircraft parts, structural panels, 
chemically resistant tanks and ductwork. 


2300 





High chemical resistance. Excellent heat 
resistance. High heat distortion point. 


Chemical tanks and ductwork; other high- 
temperature applications. 


2000 





Light-stabilized. Excellent weathering 
characteristics. Same fire-retardant 
qualities as Hetron 92. 


Skylights; explosion windows; industrial and 
commercial glazing where codes require a 
flame-resistant material. 


1000 





High-viscosity non-volatile liquid resin. 
High heat distortion point; low shrinkage 
on cure, Laminates incorporate excellent 
heat resistance and high-temperature 
strength. 


High-temperature applications, such as pre- 
pregs for aircraft or structural panels. 





Low-viscosity pre-accelerated thixotropic 
resin designed for hand layup methods. 
High fire retardance. 


All contact molding: boats, machine housings, 
deep-draft parts. 





Low-viscosity thixotropic resin ideally 
suited for use in resin /fiberglass 2-com- 
ponent spray-type guns. Good fire re- 
tardance. 


Boat-hull fabrication. Large complex shapes 
or parts. 





Excellent tensile strength and tensile 
elongation. Excellent heat resistance. 
Laminates have a good resistance to im- 
pact cracking. Exceptional resistance to 
cracking on rapid cure. 


Automotive and truck body panels and struc- 
tural members; boat hulls and machine housings. 


SELF- 
EXT. 





Very high impact strength, retained at 
temperatures as low as -20°F. 


Gel coats for hand layup parts, chemically re- 
sistant piping, boat covering kits. 


SELF- 
EXT. 





7 


Solid, unsaturated linear alkyd with no 
monomer added. 


Prepregs for high-temperature strength and 
chemical resistance. 


SELF- 
EXT. 





19 


Virtually the same as Hetron 17. 


Prepregs with high-temperature strength and 
fire resistance. 


SELF- 
EXT. 





Standard 
Fesin 
PR-135 





Excellent physical properties. Laminates 
have good baking and impact resistance. 


Automotive and truck body panels. Matched- 
mold parts. 














NON-FIRE 
4.5 | RESIST- 
ANT 


205°F 








* For castings cured without filler. 
**With 3% antimony compound. 





bonding resins 


Many products employ Durez thermo- 
setting phenolic resins as bonding or im- 
pregnating agents. During processing, 
the resins harden permanently at temper- 
atures of 250-350°F. They impart lasting 
mechanical strength, water resistance, 
electrical insulation characteristics, fric- 
tional stability, resistance to solvents, mild 
acids and alkalies. 


A wide choice of resins is available in 
the form of lumps, powders, liquids, 
solutions, and emulsions. In addition, 
standard resins may be modified to de- 
velop properties needed for new applica- 
tions. For further information, send for 
the 12-page bulletin, “Durez Industrial 
Resins’, which describes the use of these 
resins in specific products 


coating resins 


Many coatings and finishes are im- 
proved by formulation with Durez phe- 
nolic resins. The resins are used in wax 
emulsions and floor dressings to improve 
water resistance, wear, slip resistance, and 
gloss. 


Many varnishes and enamels are made 
with Durez resins. In brushing and spray- 
ing finishes, the resins add durability and 
resistance to acids, alkalies, and water. 


Durez resins also impart desirable 
properties to heat-set and gel-type print- 
ing inks and overgloss varnishes used in 
printing. 


where to go 
for information, samples, 
technical service 


main office phone twx 


North Tonawanda, N. Y.: NX 3-1860 |} TON 565 
888 Walck Road 


district sales offices 
Buffalo 2, N.Y TL 3-7525 | BU 533 
120 Delaware Avenue 
Chicago 2, I!I FRanklin {CG 749 
1 North LaSalle Street 2-8757 
Dayton 2, Ohio BAlidwin |DY 452 
33 West First Street 2-7436 
Detroit 2, Mich TRinity DE 1175 
503 Stephenson Building 3-3700 
Los Angeles 22, Calif OVerbrook | Mtb 3694 
6277 East Slauson Avenue | 5-8910 
New York 19, N.Y PLaza NY 1-21 
666 Fifth Avenue 7-9600 
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shell molds and shell cores 
for metal castings provide excel- 
lent pattern detail and high 
strength when bonded with 
Durez foundry resins. 


electronic components 
are insulated with strong heat- 
and moisture-resistant coat- 
ings made with a Durez pheno- 
lic resin compound. 


abrasive bonding Grinding 
wheels, abrasive discs, papers 
bonded with Durez_ resins 
combine strength, efficiency. 





rubber compounds are 
improved with Durez resins. 
Small amonnts increase strength 
and hardness. Neoprene and 
nitrile rubber cements contain- 
ing them have both adhesion 
and heat resistance. 


brake linings, brake biocks, 
clutch facings bonded with 
Durez resins resist heat, water, 
grease, have uniform coeffi- 
cient of friction. 


corrosio t mor- 
tars Special mortars that must 
withstand both acids and alkalis 
employ Durez furfuryl-alcohol 
resins. 








wood flour or coarse ground 
wood is mixed with Durez resins 
to form dense, strong boards, 
sheets, and molded shapes that 
resist warpage. 


flocr polishes for home or 
noone =. — with al- 

i-soluble Durez ter A 
nolic resins, have = 
— of properties at low 
co: 


laminates Durable sheets, 
tubes, formed shapes are made 
by impregnating paper or fabric 
with Durez resin solutions, thea 
pressing. 
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Epoxy resins 


E oxy resin production has ex- 
hibited a_ steadily increasing 
growth pattern over the years. 
From a standing start about 10 
years ago, sales of these materials 
have risen to more than 60,000,000 
lb. in 1960. Market estimates in- 
dicate continued modest growth 
with forecasts of 90,000,000 Ib. for 
1964, 

The reason for this growth can 
be traced to the unusual combi- 
nation of properties possessed by 
epoxy resins but not previously 
available in any other single com- 
mercial type of material: 

1) Low shrinkage. Volumetri- 
cally, these resins shrink 2 to 3% 
—an improvement over other 
thermosetting resins; filled resins 
shrink 0.25 to 1.25 percent. 

2) Room-temperature cure. The 
mechanism of epoxy polymeriza- 
tion permits satisfactory cure for 
many applications at or near room 
temperature and with or without 
pressure. 

3) The hardeners used for cur- 
ing these resins react to become 
part of the final polymer. Conse- 
quently, there are no residual by- 
products in the cured system to 
affect properties. 

4) Ability to wet and adhere to 
a variety of materials including 
both metallic and nonmetallic 
surfaces. Of special interest is 
their ability to wet glass in its 
various forms 

5) Chemical resistance. No 
other thermosetting plastic offers 
such effective resistance against 
both acid and caustic materials. 

6) Excellent electrical proper- 
Group Leader, Development Dept., Union 


Carbide Plastics Co., Div. Union Carbide 
Corp., 270 Park Ave., N.Y. 17, N.Y 


By CHARLES F. PITT* 


ties. Low power factor and high 
dielectric strength provide an 
ideal insulating material. 

7) Favorable mechanical 
strengths, both static and dy- 
namic, coupled with light weight. 

With these properties to recom- 
mend them, epoxy resins have in- 
vaded many fields. In a few short 
years, they have been adapted for 
adhesives, coatings, laminates, 
bonding, and casting, among oth- 
ers. 


Historical background 

Simple epoxies, such as ethyl- 
ene oxide, have been known for 
over a century and they and their 
reaction products, with a host of 
other chemicals, have been ex- 
ploited commercially for many 
years. Exploitation of polyfunc- 
tional epoxy compounds, how- 
ever, has been only rather recent. 
A di-epoxy compound was pre- 
pared as early as 1891. However, 
many years passed before manu- 
facturing methods were devised 
and before the general utility of 
these resins was recognized. 

The earliest commercial mate- 
rial’s main use was as adhesives 
for metals—an outstanding devel- 
opment of World War II. Since 
their early application as adhe- 
sives, epoxy resins have spread to 
a wide variety of other uses. 


Chemistry 


Epoxy resins are characterized 
by having reactive epoxide groups 


(oxirane rings—C—C—) in the 
‘0 

resin structure. They are com- 

monly supplied in both liquid and 


solid form. In use, these epoxies 
are either homopolymerized with 
the aid of catalysts or copolymer- 
ized with hardeners such as poly- 
amines, polyamides, and anhy- 
drides. The thermoset resins thus 
formed are characterized by such 
properties as very outstanding 
strength as well as chemical re- 
sistance. 


Resin manufacture 


Epoxy resins can be divided 
into two major groups, depend- 
ing on the manner in which they 
are manufactured. The most im- 
portant types at the present time 
are the glycidyl ethers of poly- 
hydric phenols. They are formed 
as reaction products of epichloro- 
hydrin and polyhydric phenols. 
For example, bisphenol-A and 
epichlorohydrin react to form a 
viscous liquid (see Fig. 1, below). 

The diglycidy]l ethers of many 
other polyhydric phenols can be 
formed in a similar manner. 

If less than two mols of epi- 
chlorohydrin per mol of bisphe- 
nol-A are used, a series of prod- 
ucts having a general formula is 
obtained (see Fig. 2, p. 187). 

Resins of this type are usua ly 
solids. The brittle coating resins 
are prepared in this manner and 
have values of n ranging from 2 
to 6. 

A newer technique employed 
for the manufacture of epoxy res- 
ins is the oxidation of olefins to 
epoxides with peracetic acid. For 
example, dicyclopentadiene diox- 
ide is produced by this technique 
as shown in Fig. 3, page 187. 

An almost unlimited number of 
new epoxy resins can be pro- 
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FIG. 2: If less than 2 mols of epichlorohydrin per mol of bisphenol-A are used, this formula is obtained 


duced this way, the number of 
resins being limited only by the 
number of olefins that are avail- 
able. As would be expected, all 
olefins do not form epoxides with 
outstanding characteristics. How- 
ever, because of the large number 
which are available to select from, 
many epoxies which have out- 
standing properties can be pre- 
pared by this technique. 


Cross-linking and curing 


Epoxy resins can be cured by 
two methods: a) by homopoly- 
merizing them with the aid of a 
catalyst, or b) by copolymerizing 
them with hardeners containing 
active hydrogens. 

Epoxy resins can be homopoly- 
merized with the aid of a variety 
of catalysts. These catalysts are 
used in small amounts, usually no 
more than a few percent of the 
total weight of the resin. One of 
the most effective is BF;. BF; is 
frequently used in the form of a 
complex with some other catalyst, 
usually a tertiary amine. These 
complexes display limited activity 
at room temperature, but decom- 
pose at elevated temperatures to 
release free BF; which attacks an 
oxirane ring forming an activated 
center. This activated center re- 
acts with another oxirane ring 
forming an ether linkage and an- 
other active center. Continuation 
of the reaction results in the for- 
mation of a polymer which might 
be represented by the structure 
shown in Fig. 4, right. 

Similar catalytic attack of the 
attendant oxirane groups yields a 
highly cross-linked structure. 

Materials which are copolymer- 
ized with epoxy resins are usually 
called hardeners. The materials 
‘ommonly used as hardeners for 

poxy resins include the aliphatic 
ind aromatic polyamines, polyhy- 
drice phenols, polybasic acids 
(mineral and organic), anhy- 
lrides, and polyhydric alcohols. 
These hardeners vary widely in 
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handling characteristics, opti- 
mum cure cycles, and the physi- 
cal properties they contribute to 
the cured resins. Hence, a hard- 
ener can usually be selected from 
this group which matches the 
handling characteristics and 
properties required for any spe- 
cific applications. 

Amine hardeners are usually 
mixed with epoxy resins in 
stoichiometric ratios (one mol 
active hydrogen/mol oxirane oxy- 
gen). They also yield extensively 
cross-linked structures, through 
amino-hydrogen opening of the 
oxirane rings. 

With amines, the hardening re- 
action does not require a catalyst. 
The aliphatic amines will give 
room-temperature cures, but 
with aromatic amines the system 
must be cured at elevated tem- 
peratures. A similar reaction is 
the opening of the oxirane ring 
with an active hydrogen. This is 
obtained with glycols, polyhydric 


phenols, and polybasic acids. 
These materials generally require 
a catalyst such as tertiary amines 
or inorganic bases. In the case of 
glycols, “Lewis” acids are the best 
catalysts. 


Chemical resistance 


Epoxy resins are characterized 
by excellent chemical resistance. 
However, better chemical resist- 
ance is provided by aromatic 
amine hardeners than those hard- 
ened with aliphatic amines. Of 
course, adequate cure is neces- 
sary for optimum chemical re- 
sistance. With aromatic systems, 
cure is obtained only at elevated 
temperatures, while the aliphatic 
systems have the advantage of 
room-temperature cure, a factor 
which makes them more suitable 
in many cases. 

Although the aliphatic amine- 
hardened resins do not have the 
same degree of chemical resist- 
ance as systems hardened with 
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FIG. 3: Oxidation of dicyclopentadiene to epoxide with peracetic acid 
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FIG. 4: Polymer formed by homopolymerization with aid of catalyst 





aromatic amines, their resistance 
is entirely adequate for many ap- 
plications. For example, these sys- 
tems are little affected by immer- 
sion for 30 days at 25° C. in 
water, toluene, kerosene, and 10% 
caustic solution. However, they 
are severely degraded by the 
same exposure to acetone, ethyl 
acetate, 30% sulfuric acid, and 
chlorinated solvents. While aro- 
matic systems show far better re- 
sistance to this last group of 
chemicals, they can still be af- 
fected by them. Consequently, the 
use of aromatic systems is limited 
by the specific requirements of 
the particular application which 
is involved. 

If fillers and reinforcements are 
used with epoxies, chemical re- 
sistance is often affected. Depend- 
ing on the type used, they may 
either improve or degrade the 
chemical resistance of the resin. 
Asbestos fiber is often a better 
reinforcement than glass fiber for 
applications requiring chemical 
resistance. 


Surface coatings 


Epoxy resin-based coatings of- 
fer many outstanding properties 


including excellent chemical re- 
sistance, flexibility, impact and 
abrasion resistance, and superior 
adhesion to all commonly used 
substrates, 

Epoxy resin finishes can be for- 
mulated to be resistant to many 
liquid and gaseous industrial 
chemicals and products, liquid 
foodstuffs, and other difficult ma- 
terials. Only strong concentra- 
tions of mineral acids sheuld be 
avoided, but fumes and splashes 
of these substances are withstood 
admirably. 

To illustrate the superiority of 
these coatings, an epoxy finish of 
the type cured with inexpensive 
vegetable oils will withstand a 
5% caustic solution at room tem- 
perature for 4 to 5 days, while a 
standard alkyd film fails within 
30 minutes. 

The flexibility of epoxy resin 
coatings is of the highest order. 
For instance, metal sheet for lith- 
ographed containers may be 
coated while flat, and then formed 
into the desired shape with no 
evidence of cracking or other 
harm to the coating. This flexi- 
bility, paradoxically enough, is 


combined with great hardness and 
impact resistance. No other coat- 
ing combines these properties to 
such a degree. 

Adhesion is excellent. Strong 
bonds have been secured to steel, 
aluminum, zinc, tinplate, wood, 
masonry, glass, paper, and cloth. 

There are other important 
properties. Epoxy resin-based 
coatings show good dielectric 
strength. They have very small 
shrinkage during curing and ex- 
hibit very little blistering when 
converted, because there is no 
elimination of side products in 
the reaction. They can be formu- 
lated to have very good solvent 
resistance. 

Epoxy resins themselves are 
thermoplastic in character, but 
when converted, the final product 
is thermoset. Many different sub- 
stances and techniques have been 
used to convert epoxy coating 
resins from the thermoplastic to 
the thermoset condition, but basi- 
cally they fall into two broad cat- 
egories: 1) conversion by addi- 
tion of a cross-linking chemical 
or resin; and 2) esterification with 
drying or non-drying oil fatty 
acids. 

In finished coatings, the differ- 
ence is one of degree rather than 
one of kind. The esters contain 
only a portion of epoxy resin. 
Their properties are similar to 
those of cross-linked or “two- 
component” resin systems, but to 
a lesser degree. They are, of 
course, the more economical of 
the two classes of coatings and 
are used in less stringent applica- 
tions. In general, this type of 
coating involves the esterification 
at high temperature of the epoxy 
resin with saturated or unsatu- 
rated acids to produce resinous 
esters. Depending on the epoxy 
assay of the epoxy starting mate- 
rial and the type of fatty acid 
used, an ester will be produced 
with a specific set of physical and 
chemical properties. Coatings of 
this type have been formulated 
from various epoxy resins and 
are currently finding uses as ap- 
pliance and automotive primers, 
corrosion-resistant primers and 
topcoats, interior and exterior 
varnishes, can coatings, floor var- 
nishes, and other general mainte- 
nance finishes. 

A practical procedure has been 


developed for use by the resin 
manufacturer in producing a 
broad range of epoxy esters. 
Using a single epoxy resin, a di- 
glycidyl ether of bisphenol-A, 
bisphenol-A, and any chosen dry- 
ing or non-drying fatty acid, res- 
ins of any preselected chain 
length may be simply prepared 
and esterified completely or to any 
selected degree. 

While varnishes can be pre- 
pared which are similar in prop- 
erties to those made in the con- 
ventional manner, the process is 
not limited to these, but permits 
a much wider latitude in formu- 
lation. One of the most significant 
advantages of this technique is 
that it makes possible the prepa- 
ration of epoxy esters of much 
greater chain length than was for- 
merly possible. Further, using 
this new system, completely dif- 
ferent types of compositions may 
be prepared. In addition to this 
increased flexibility of formulat- 
ing, there is a possible lowering 
of raw material costs through the 
upgrading of inexpensive fatty 
acids. 

“Reactive coatings,” on the 
other hand, generally contain a 
much higher proportion of epoxy 
resins than the esters. This is par- 
ticularly true of amine-cured 
finishes in which only a small 
amount of the hardener is ordi- 
narily used, Consequently, these 
coatings are used when the high- 
est performance is desired. Amine- 
cured coatings can be formulated 
for baking or air-drying. One of 
their outstanding properties is 
their ability to form air-dry coat- 
ings having chemical and physical 
properties better than can be ob- 
tained with the best baked-ester 
coatings. As might be expected, 
baked amine-cured coatings ex- 
hibit even better properties. 

As with the esters, these re- 
active-type coatings can be for- 
mulated for a wide variety of 
uses. Formulation is quite simple 
compared to the ester. The resin 
is dissolved in a suitable solvent 
(25% methyl isobutyl ketone and 
75% toluene is satisfactory for 
most uses). Then pigments are 
added if necessary and the finish 
is marketed in a two-package 
system along with its curing 
agent. Pigmentation is no prob- 
lem. Pot life can range anywhere 
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from 15 min. to 48 hr., depending 
on solids content and curing 
agent. 

Formerly, systems with pot life 
shorter than four hours were con- 
sidered problems but recent ad- 
vances in application equipment 
have made the use of these sys- 
tems possible. 


Highway coatings 


Short-pot-life epoxy systems 
are being used to good advantage 
in one of the newest, and poten- 
tially the greatest, markets—road 
and highway repair. The short 
curing cycles of these systems 
without the need for heat have al- 
lowed repairs to be made without 
costly interruption of service. 
Add to this the dimensional sta- 
bility, superior adhesion, light 
weight, and durability of epoxies 
and we have all the properties 
needed to solve highway prob- 
lems heretofore difficult or impos- 
sible to rectify with conventional 
materials. 

When epoxy resins were first 
proposed for highway use, they 
were viewed with caution by 
highway authorities, mainly be- 
cause of the high resin costs and 
unfamiliar handling techniques. 
Demonstrated performance on 
test sections of bridges and high- 
ways, along with improved appli- 
cation equipment and techniques 
have led to a change of opinion. 
Some of the more prominent ap- 
plications in which epoxies have 
proven excellent include: non- 
skid surface coatings, bridge deck 
sealants, pothole and_ surface 
patching compounds, tie-coats for 
bonding new concrete to old con- 
crete, adhesives for bonding traf- 
fic buttons, precast curbs, ripple 
bars, crack and joint sealers, and 
traffic paints. Continued educa- 
tion as to how and where epoxies 
can economically serve the high- 
way engineer should result in ful- 
filment of the early promise 
shown. Any strong move in this 
direction could affect the 69,- 
000,000 Ib. epoxy resin production 
estimates predicted for 1961. 


Laminating 


There are excellent reasons for 
the established position of epoxies 
in the field of laminated plastics. 
Table I, above, gives typical aver- 
age properties of epoxy, poly- 
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TABLE |: Comparative glass-cloth laminate properties' 





Property 


Modified epoxy Polyester 


Phenolic 





Flexural strength, p.s.i. 

Flexural modulus, p.s.i.x 10° 

Tensile strength, p.s.i. 

Compressive strength, p.s.i. 

Power factor at 1 mc. 

Are resistance, sec. 

Water absorption (24 hr.), % weight 
gain 


80,000-85,000 60,000-65,000 75,000-80,000 

3.845 
55,000-60,000 43,000-47,000 50,000-55,000 
50,000-55,000 35,000-40,000 48,000-52,000 


3.0-3.3 4043 


0.010-0.015  0.010-0.011 0.023-0.025 
150-180 155-180 20-40 
0.02-0.27 0.2-0.3 0.3-0.6 


1%-in. laminate, 32% resin content, 181 weave glass fabric. 





esters, and phenolic glass-cloth 
laminates. It can be seen that the 
epoxy laminate is superior to the 
polyester in mechanical proper- 
ties and surpasses both in water 
resistance. 

In addition to advantages in 
mechanical and electrical proper- 
ties and chemical resistance, the 
following outstanding properties 
of the epoxy resins have been 
noted: 

1) The highly desirable surface 
activity of epoxies in the liquid 
state allows wetting of, and adhe- 
sion to, a wide variety of rein- 
forcing materials, including glass 
in its various forms, and synthetic, 
mineral, and vegetable fibers. 

2) Low-volume shrinkage, be- 
cause the highly associated na- 
ture of the liquid resin holds 
strain to minimum during cure. 

3) Good resistance to heat, i.e., 
proper formulations retain a high 
percentage of original strengths 
at temperatures of 200 to 300° F. 

These advantages are common 
to most epoxy laminated systems. 
Naturally, optimum properties are 
obtained only when optimum cure 
is effected and proper fabrication 
procedures are followed. In addi- 
tion, specific epoxy systems are 
designed to meet specific applica- 
tion requirements. 

Initial moderate cure of epoxy 
laminates, whether a press cure 
or a_hardener-initiated room- 
temperature cure, yields struc- 
turally sound parts with the ex- 
pected epoxy properties at mod- 
erate service conditions. It must 
be emphasized, however, that the 
superior properties, particularly 
chemical resistance and electrical 
and mechanical strengths meas- 
ured at elevated temperatures, 
are dependent upon optimum 
cure. 


Epoxide polymerization reac- 
tions, unlike those of polyesters, 
are step-by-step processes and 
require more stringent conditions 
for “full” cure. Full cure, with its 
attendant bonus properties, is 
achieved by postcuring at elevated 
temperatures. 

For hand lay-up and matched- 
metal molding operations, liquid 
resins and hot-melt types are 
recommended. 

Liquid epoxy resins for lami- 
nating are available in a wide 
range of viscosities and degrees 
of reactivity. Low-viscosity res- 
ins allow easy incorporation of 
fillers and extenders such as cal- 
cium carbonate, aluminum sili- 
cate, and china clay. These fillers 
reduce the cost, lower exotherm 
temperatures, and prolong the 
working life of the resin/hard- 
ener mixture. 

Epoxy laminating systems de- 
rive from liquid resins, solid res- 
ins, and semisolid resins, and are 
applicable to solvent or hot-melt 
pre-impregnation of reinforce- 
ments, yielding dry, dust-free, 
easily - handled, ready - to - mold 
stock. 

Their outstanding strength and 
resistance properties recom- 
mend them for a wide variety 
of structural applications. Electri- 
cal terminal and circuit boards, 
radomes, aircraft skins, pipes, 
tanks, and pressure vessels are 
just a few uses for epoxy lami- 
nates. 

Reinforcing materials include 
glass, asbestos, cotton, paper, syn- 
thetic fibers, and metal foils. 

Epoxy - reinforced laminates 
generally fall into three classes: 
low-pressure laminates, high- 
pressure laminates, and filament- 
wound structures. 

Low-pressure, or “wet-layup” 


GIANT EPOXY-GLASS FIBER cargo carrier, able to transport 20-ton 
load, is constructed of 4 x 8 ft. epoxy-glass panels, covered with flat 
skin of same material. Expanded applications for panels are in the offing 


TROWELED COAT of epoxy resin-metal-hardener-flint sand mixture is 
applied over primed concrete floor. Resulting wear-resistant surface 
has compressive strength of about 20,000 p.s.i 





INCREASED SAFETY in roadway areas of bridges on state parkway is 
provided by protective coating of epoxy resin. Coating seals concrete 
against damage from salt and water; embedded emery grit forms non- 
skid surface. Highway applications represent epoxy’s biggest potential 
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laminating as it is called, domi- 
nates the field of epoxy laminates. 
The procedure is essentially as 
follows: Into a mold treated with 
a release agent and a gel coat, 
layers of epoxy resin/hardener 
and glass reinforcement (usually 
in the form of glass cloth, glass 
mat, or chopped glass roving) are 
sprayed and rolled until the de- 
sired thickness has been reached. 
The completed structure is then 
allowed to cure at room tempera- 
ture and at normal atmospheric 
pressure. Structures made by this 
method possess a high strength- 
to-weight ratio, excellent electri- 
cal properties, and extremely 
good resistance to vibration, tor- 
sional stresses, oils, fuels, alco- 
hols, and moisture. 

High-pressure systems employ 
either wet or dry layup methods 
of laminating. The main differ- 
ence lies in the processing and 
curing of the laminate. This class 
of laminates is exclusively pres- 
sure molded at pressures greater 
than 1000 p.s.i. 

Filament winding is a relatively 
new process for developing rein- 
forced structures. This process 
has aroused great interest in the 
reinforced plastics field through 
its promise of stronger, less ex- 
pensive products. In this method, 
glass roving is dipped into a re- 
active resin solution and wound, 
under tension, on a mandrel or 
form. After curing, either at room 
temperature or with additional 
heat, the resulting form consists 
of from 75 to 90% glass and the 
balance of cured resin. The re- 
quired strengths and orientation 
of the finished component have 
been designed into the piece by 
the angles and geometry of the 
winding process. Epoxy resins, 
because of their strength, adhe- 
sion, lack of shrinkage, toughness, 
and heat resistance are probably 
used in over 90% of the existing 
work, 

These techniques have enabled 
fabricators to realize strengths far 
higher than any possible with 
glass cloth laminates, with less 
waste, cheaper raw materials 
(roving at 48¢ vs. glass cloth at 
over $1/lb.), and greater quality 
control over the finished product. 

The greatest market potential 
at the present time is in missile 
and rocket casings where filament 
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wound cylinders are nosing out 
metal structures because of the 
greater strength-to-weight ratio, 
rigidity, and other properties. Es- 
timates in excess of several mil- 
lion Ib. of resin consumed this 
year have been made. Pressure 
bottles for aircraft have been 
made in considerable volume, and 
miscellaneous bomb casings have 
been considered. 

There have been great advances 
in the use of this type product in 
commercial containers, such as 
large crude oil storage tanks. 
Structural tubing and filament 
wound pipe are now also avail- 
able. Future applications of this 
revolutionary technique are lim- 
ited only by the imagination of 
the design engineer. Liquid ship- 
ping containers for trucks and 
railroad tank cars have been con- 
sidered and blue-sky thinking 
has even extended to winding ca- 
noes and small boats. 

One of the more recent devel- 
opments in reinforced epoxy 
structures has been the develop- 
ment of prepreg systems for 
high-pressure laminating and fil- 
ament winding. The term pre- 
preg denotes laminates made 
from pre-impregnated glass rein- 
forcement. Here, the epoxy resins 
are applied to the reinforcement 
and partially cured, or “B- 
staged,” and stored by the manu- 
facturer until needed. In this 
stage, the resin, though solid, is 
readily infusible under heat and 
pressure. When the preimpreg- 
nated reinforcement thus formed 
is placed in layers in the mold, 
and heat and pressure is applied, 
the resin advances to its “C- 
stage,” the period of final cure. 
The resulting laminate is both in- 
soluble and infusible. A modifica- 
tion of this method for filament 
winding uses glass roving, pre- 
impregnated with epoxies. De- 
cided advantages of this method 
include faster, more versatile pro- 
duction, better quality control, 
and lower raw material costs 
hrough less resin waste. 


Casting 


Another established field for 
poxy resins involves casting 
ompositions for use in encapsu- 
ation and potting of electrical 
ind electronic components. Es- 
sential requirements for these op- 
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erations are excellent adhesion, 
and low shrinkage during cure, 
so that the resin will not crack 
or separate from the electrical 
components or containers. No 
resin commonly used in the field 
can compare to the 0 to 0.5% 
linear shrinkage and the 2 to 
3% volume shrinkage obtained 
with epoxy resins. Phenol for- 
maldehyde_ resins, polyesters, 
acrylics, styrene, and allyl resins 
all exceed the minimum figure of 
epoxy shrinkage by several per- 
cent. The significance of shrink- 
age becomes evident when it is 
realized that even the low epoxy 
shrinkage will present a problem 
in some applications. 

Drawbacks of phenolic casting 
compositions are the relatively 
long cure time required (from 6 
to 48 hr.) and the inability to 
eliminate completely the by- 
products of the curing reaction. 
Epoxy resin/hardener composi- 
tions, being 100% reactive, will 
cure in from 1 to 4 hr. with no 
residual material given off. Com- 
positions using epoxies have bet- 
ter electrical properties than 
many of the other impregnating 
resins. Their extremely low power 
factor is equaled only by styrene 
and polyester. Their dielectric 
strength and arc resistance are 
superior to phenolics. On the 
other hand, loss factor above one 
megacycle—for existing epoxies 
—falls off. Styrene is best here. 


Tooling 


Lightweight tools used in a va- 
riety of mass production opera- 
tions are made of dimensionally 
stable epoxy compounds more ac- 
curately, quickly, and at less cost 
than with metal. Production cost 
savings ranging from 30 to 60% 
and reductions in delivery time 
as high as 70% are reported for 
these plastics tools. Plastics tool- 
ing compounds based on epoxy 
resins have reduced the weight 
of production tools by as much as 
70% and made them easier to 
handle. Typical production tools 
in use include assembly checking 
fixtures, Keller master models, 
spotting racks, draw dies, drop- 
hammer dies, and welding fix- 
tures. The dimensional stability 
of epoxy compounds helps main- 
tain arc accuracy of +0.002 to 
0.005 in. for tools used in check- 


ing all types of production parts. 
Time-saving duplications taken 
directly from master Keller mod- 
els with room-temperature cur- 
ing compounds are lighter in 
weight and more stable under 
changing atmospheric conditions 
than the original models, which 
are made of mahogany. 

The method of fabricating these 
tools consists of laminating or 
casting the epoxy resin over 
plaster or wood master forms. 
Casting is used for thicker tools 
(over 1 in.) and is cheaper than 
the laminating technique. Lami- 
nated tools are stronger for a 
given thickness, but are more ex- 
pensive. 

Among the newest develop- 
ments in plastics tooling are com- 
positions called epoxy alloys. De- 
veloped primarily for metal 
forming dies, these materials in- 
volve reinforcing high-heat epoxy 
resin systems with metal fibers. 

The combination permits mass 
castability and provides tools with 
far greater impact strength, mak- 
ing possible runs of medium 
production quantity—previously 
unobtainable with standard com- 
positions. The inciusion of these 
metal fibers also provides better 
thermal conductivity, offering 
possibilities for precision metal 
casting molds, heated matched 
molds (for low-pressure use), 
vacuum forming molds, slush 
molding dies, and foundry pat- 
terns. 


Foams 


By including a suitable blowing 
agent, epoxy resins can be foamed 
or expanded to produce low-den- 
sity insulating materials. Epoxy 
foams are used for encapsulating 
electronic components, as core 
materials in sandwich-type con- 
struction, and for thermal insula- 
tion. 

The foams are manufactured 
using both one- and two-compo- 
nent systems. The two-package 
systems are liquid with relatively 
short working lives. Single-com- 
ponent systems are in powder 
form and have longer working 
times. 

The expanded resin is produced 
when gas evolves from the blow- 
ing agent. Curing occurs almost 
simultaneously with the foaming 
action. Heat during this foaming 
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process is essential. This heat may 
be supplied externally or it may 
be drawn from the curing reaction 
itself. 


Molding 


One of the newest fields of 
development for epoxies is 
in molding powders, involving 
epoxy resin and fiber reinforce- 
ment. These materials provide di- 
mensionally stable molded pieces 
which can be transfer, compres- 
sion, or plunger molded. Inert 
powders and fillers are essential 
in epoxy molding compounds. 
Molding cycles are usually rapid 
—1 to 10 min. at temperatures of 
250 to 350° F. 

Release of pieces from the 
mold cavity can be a problem. 
However, with special silicone 
agents now available this is no 
longer as troublesome. Careful 
design of molds is essential be- 
cause of this mold-sticking prob- 
lem. Selection of the proper cur- 
ing agents can impart heat- and 
fire-resistant qualities in the fin- 
ished article. 


Adhesives 


For bonding such dissimilar 
surfaces as plastics and metal, 
metal and wood, wood and metal, 
rubber and ceramics, etc., epoxy- 
based adhesives are unsurpassed. 
These materials have outstanding 
adhesion, chemical resistance, and 
strength. In addition, only mini- 
mum pressure is necessary to ef- 
fect a satisfactory bond. The 
epoxy adhesive fills pores and 
gaps well, insuring a _ better 
“grip.” 


These products are supplied 
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either as one- or two-package 
systems. The one-package system 
requires curing at elevated tem- 
peratures. The two-part systems 
are mixed just prior to use and 
have limited pot lives. Both sys- 
tems give better properties when 
heat-cured. Some of these heat- 
cured systems can withstand 
temperatures up to 600° F. with- 
out. weakening the joint. How- 
ever, high cure temperatures 
(over 300° F.) are necessary for 
these heat-resistant grades. 

A particular advantage of 
these adhesives is the absence of 
volatile byproducts during cur- 
ing. This makes possible joining 
of large pieces in complete safety. 

Structures made from honey- 
comb or other core materials are 
finding increased use as load- 
carrying members. 


Epoxy handling equipment 

As we have just seen, epoxy 
resins have penetrated into a 
number of industries in a short 
time. However, like many things 
which happen rapidly, a number 
of “growing pains” have been 
felt. These are the problems of 
proportioning, mixing, and apply- 
ing these resins efficiently. Too 
often the use of epoxy resins is 
handicapped by attempts to use 
this new material with old-fash- 
ioned tools. Much of the spray 
equipment offered for use with 
epoxies, for example, was devel- 
oped for spraying polyesters and 
does not provide the handling 
characteristics required for epoxy 
resins. 

The Harvard Business School 
Survey on Epoxy Resins, pre- 


Filler 


FIG. 5: Troweling com- 
pound mixer utilizes con- 
ventional extrusion screw 
to mix resin, hardener, 
and filler in a continuous 
operation. Gear pumps 
at left meter resin and 
hardener flow; vibrating 
feeder meters the filler 


Mix ready for 
—= troweling 








pared in 1959, observed that the 
limiting factor in the acceptance 
of epoxies was not the price of 
the resin but the costs encoun- 
tered in using them. 

One of the most valuable as- 
sets of an epoxy resin, the ability 
to change from a liquid to a solid, 
also poses primary handling prob- 
lems. These problems are: the 
proportioning of the resin and 
hardener accurately; accomplish- 
ing thorough resin/hardener mix- 
ing; applying the reactive mix- 
ture: and contending with the 
“pot life” of the mix (room-tem- 
perature cure systems). Also 
there exists much concern over 
the means whereby the large 
quantities of resin/hardener mix 
necessary for many operations 
can be efficiently handled. 

Several competent devices have 
been offered to serve the potting 
and encapsulating field. These 
machines proportion and mix in 
a minimum size chamber. They 
deliver small amounts of the mix, 
either manually or automatically, 
and as such are entirely satisfac- 
tory. Equipment for coatings, re- 
inforced plastics, tooling, and 
adhesives under production con- 
ditions all share similar require- 
ments, the largest being the 
ability of machinery to apply 
large quantities of epoxy in any 
given situation. 

In order for spray equipment 
to function efficiently in the above 
areas, certain requirements exist: 
1) accurate metering and propor- 
tioning; 2) ease of varying the 
proportion ratio; 3) a method of 
viscosity reduction, if required; 
4) a method of providing a good 
resin/hardener mix; 5) a method 
of eliminating the pot life prob- 
lem (clean out); 6) a method of 
developing a well-atamized spray 
pattern; and 7) high material 
spray rates (100 pounds per hour 
or greater). 

Several spray guns have been 
introduced in the past few years 
which meet most of the require- 
ments necessary for satisfactory 
performance. 

Although this equipment & 
primarily intended for coating 
applications, the advantages of 
using well-designed equipment 
can be capitalized in other fields. 
Both the fields of reinforced plas- 

(Continued on p. 197) 
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Granular Type ; 


Granular materia!s are designed 
for high-speed, fully automatic 
or semi-automatic molding 
operations. They include 

and mine-ai-filled grades, Cen- 
tacts niay be molded | in 
serted in a separate provedure. 
PROPERTIES 

ragistance and dielectric watues 00 | —" teristics such 
which are maintained at ele- ' ee rior gloss retent 
exposure to heat and humidity. 

Molded parts havo unusually 

hig:: dimensional stability (min- 

imum after-shrinkage). This, 

plus the fact they are generally 

adaptable to rapid production 

cycles, permits endless repro- 14F specification, Type MAG. 

duction of precision parts. APPLICATIONS 


There are PLASKON Alkyd gran- Resistors, capacitors, coils, 
ular types that conform to the transformers, smali electronic 
MiL-4-14F specification, Type devices. 

MAG end, the poly dially! 

phihaiate type, MOG. 


APPLICATIONS 

Tube bases and sockets, con- 
nectors, tuning devices, trans- 
fo;mer parts, potentiometer 
parts, motor controller parts, 
aute ignition parts, switch and 
felay parts. 
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PLASKON 
POLYESTER RESINS 


PLASKON HALON* 
RESINS TYPES VK & TVS 


PLASKON MELAMINE 


PLASKON NYLON-6 


PLASKON UREA 





ne of specially formuiated 
ins for cost-saving pre-mix 
iding, which permit rapid 
duction of parts of varying 
knesses, intricate contours 
molded-in inserts. Molders 
; use their own reinforce- 
ments, fillers and catalysts. 


PROPERTIES 

Great strength and light weight 
in reinforced plastic laminates. 
“Built-in” molding advantages 
include pre-acceleration to 
speed production, rapid im- 
pregnation and excellent re- 
lease for matched-metal mold- 
ing. Plaskon Polyesters for 
matched-metal moiding offer 
better mold release, higher 
gloss and jess crazing than 
general-purpose resins. 


ooeorfuwr 5 


APPLICATIONS 
Boats, housings, translucent 
panels, furniture packaging 


and aircraft components. 


























Fluorchalocarbon plastics for 
difficult design problems. Easily 
extruded, compression and in- 
jection molded. Structure re- 
tafds crystallization during 
slow cooling cycles after ex- 
posure to high temperatures— 
tending to maittain toughness, 
flexibility and clarity. 
PROPERTIES 

Built-in flexibility radiction re- 
sistance and excellent moid- 
ability. Virtually unaffected by 
inorganic acids, alkalies or 
oxidizing agents. No moisture 
absorption. Easy to clean. Ex- 
cellent optical qualities. Trans- 
parent un to Ye-inch cross 
section. Resistant to heat and 
cold: Type VK serviceable up 
to 350°F., TVS to 390°F. Thin 
sections can be flexed at 
—320°F. Good abrasion resist- 
ance, impact tensile and com- 
pressive strength. High volume 
and surface resistivity at high 
and tow temperatures. Low di- 
electric constant and good 
power factor at high tempera- 
tures and frequencies. Non- 
flammable. 


APPLICATIONS 
Insulation for hook-up wire, 
printed circuit boards, flexible 
cable and cable assemblies. 
Coil forms, tube socket:, ter- 
minal insulators, etc. Lining 
material for storage tanks, pipe 
lining, gaskets, “O” rings, etc. 
Caps for containers of highly 
corrosive liquids. 


A moldiag compound which 
provides the hardest surfaces 
attainable with plastics. 


PROPERTIES 

Excellent are resistance, hard- 
ness, lightfastness. tnert to 
chemical and pharmaceutical! 
reagents. Highly resistant to 
electrical tracking. Tasteless 
and odorless. Surpasses urea 
in resistance to acids, alkalies, 
heat and moisture absorption. 
Varying degrees of translucency 
permit unlimited color range. 


APPLICATIONS 
Dinnerware, appliance hous- 
ings, electrical parts and wir- 
ing devices, cutlery handies 
and buttons. 


New types of molding and ex- 
trusion compounds different 
from previously available do- 
mestic nylon, A polymer of 
caprolactam. 

PROPERTIES 

Unusual toughness, abrasion 
resistance, self-lubrication, 
high heat-distortion tempera- 
ture, high strength-to-weight 
ratio and good chemical resist- 
ance. Less shrinkage and supe- 
rior dimensional contro! than 
other nylon types. Broader 
melting range—can be molded 
at lower temperatures and 
pressures. Superior impact 
strength, better moldability in 
thick sections, easier pigmen- 
tation. 


APPLICATIONS 

Precision parts such as gears, 
cams and bearings. Small tub- 
ing, shapes, small and large 
rod, film, laminates, wire and 
rope covering. Parts requiring 
stability against oxidative em- 
brittlement at high tempera- 
tures. Fish line, heel lifts, pipe 
fittings, pipe, blown bottles. 


A molding compound that 
comes in an extremely wide 
range of colors — pure 
pastels and brilliant hues. 
special housing type has been 
developed for large parts fab- 
rication. 

PROPERTIES 

Tasteless, odorless and inert. 
Resistant to grease, oil, sol- 
vents. heat, chipping and 
cracking. High dielectric 


>»: 


Closures, wiring devices, stove 
and cabinet hardware, toilet 
seats, lighting fixtures, radio, 
appliance and other housings, 
cosmetic and jewelry contain- 
ers, buttons. 
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tics and adhesives require the ap- 
plication of mixed resin and 
hardener, and in many cases a 
spray is desirable. 

Another field of coatings pre- 
viously touched upon is that of 
epoxy troweling compounds. 
These are usually very highly 
filled viscous epoxy formulations 
applied by trowel to a surface. 
The prime problem here is the 
mixing of a very viscous mass. 
Some excellent compounds have 
been offered on the market, but 
when they are filled to the extent 
necessary to provide an economi- 
cal formulation, the problem of 
thoroughly mixing the resin and 
hardener components often results 
in inadequate mixing and poor 
final properties. Figure 5, p. 192, 
shows a schematic diagram of a 
newly introduced troweling com- 
pound mixer which uses a con- 
ventional extrusion screw to mix 
resin, hardener, and filler such as 
sand in a continuous operation. 
The resin and hardener metered 
with gear pumps are fed through 
ports above the mix areas and 
the sand is dropped in at a pre- 
determined rate with a vibrator. 
Normal clean-out is easily han- 
dled by shutting off the resin and 
hardener flow and allowing the 
sand to scour out the barrel and 
screw. 


Miscellaneous uses 


Other interesting and growing 
uses for epoxies are in the fields 
of auto maintenance, and home 
and industrial “do-it-yourself” 
repairs. 


For auto repair work, epoxy- 
impregnated glass cloth is being 
used more and more widely for 
repair of rusted-out areas, and 
torn or ripped surfaces. This 
method of body repair has been 
made available to the small shop 
operator in the form of body re- 
pair “do-it-yourself” kits. These 
repair kits generally utilize sep- 
arately packaged unfilled liquid 
resins and hardeners. The method 
of applying these materials is 
‘elatively simple, consisting of 
eating the repair area under 

linary household-type heat 
lamps after it has been solvent- 
‘leaned and sanded, mixing the 
n and hardener for saturating 
glass cloth, applying the glass 
cicth in successive layers, and 
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then heating under infra-red 
lamps for about 15 min. to cure 
the resin and harden the patch. 
Using a disk sander and file, the 
surface of the epoxy-glass cloth 
laminate can be ground down to 
conform with the contour of the 
surrounding area. This procedure 
permits the use of unskilled labor 
and requires fewer manhours per 
repair job than is required for 
standard repair or replacement 
methods. 

Small dents and tears are re- 
paired with filled epoxy com- 
pounds without glass reinforcing 
materials. 

Epoxy resins are also aiding 
the automotive industry as sub- 
stitutes-for lead-tin body solders, 
in either paste or stick form. 
These epoxy solders are tough 
and abrasion-resistant, yet easily 
worked with conventional power 
tools. Their outstanding adhesive 
qualities reduce waste by practi- 
cally eliminating sagging and 
running on hot vertical surfaces. 
The economies offered are sub- 
stantial. There is still a need, 
however, for improved applica- 
tion techniques in order for these 
so'ders to be generally adopted. 

Low-molecular-weight epoxies 
are often used as both heat- and 
light-stabilizers for vinyl chlo- 
ride resins because of their abil- 
ity to accept hydrogen chloride, 
which is produced during degra- 
dation of the vinyl resin. Plasti- 
cizers for vinyl chloride polymers 
and copolymers are also produced 
from epoxy materials. Monomeric 
epoxy esters are being used in 
vinyl plastisol formulations for 
low-temperature flexibility. These 
materials permit the processing 
of vinyls at higher temperatures 
than ordinary plasticizers allow. 
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TFE-FLUOROCARBON RESIN 


By R. B. FEHR* 


The high polymer of tetrafluoro- 
ethylene created by polymeriza- 
tion under carefully controlled 
conditions, polytetrafluoroethyl- 
ene (TFE-fluorocarbon resin), 
has a molecular structure consist- 
ing of carbon and fluorine atoms 
only. As a consequence, it has a 
combination of chemical and 
physical properties unsurpassed 
by any other single material of 
construction. Articles fabricated 
of TFE-fluorocarbon resin exhibit 
extreme inertness to chemical at- 
tack, very high thermal stability, 
low dielectric loss and high di- 
electric strength, non-adhesion 
and low frictional properties, and 
outstanding retention of proper- 
ties over a wide temperature 
range. All of this is a result of 
the pure fluorocarbon system 
where the primary bonds in the 
polymer chain are very strong, 
the secondary valence forces be- 
tween adjacent chains are weak, 
and the symmetrical arrangement 
Polychoniete Os E. Li? Pont de 


Nemours & Co. . , 
References were prepared by the editors. 





of fluorine atoms forms a sheath 
which functions in protecting the 
carbon chain. 

TFE-fluorocarbon resins (Tef- 
lon') are available in five grades: 
Teflon 1—a general-purpose mold- 
ing powder (for gaskets, seals, 
rings, bearings, packing, elec- 
tronic components, sheets, rods, 
and heavy-wall tubing); Teflon 5 
—a special-purpose powder for 
molding cylindrical shapes for the 
production of skived tape (for 
chemical, electrical, mechanical, 
and non-adhesive applications) ; 
Teflon 7—a special-purpose ultra- 
fine molding powder for use 
where highest quality void-free 
moldings are required (for tape 
and molded shapes, etc.); Teflon 
6—a special-purpose powder usu- 
ally compounded with naphtha to 
aid in extrusion in such applica- 
tions as the following: thin-wall 
tubing, wire insulation, and elec- 
trical tape; and Teflon 30—an 
aqueous dispersion designed for 
coating of fabrics and metals. 

Because of their low dissipation 
factor and low dielectric constant, 


1 Trademark of Du Pont. 


NEW FILM OF FEP 
(see p. 201 for descrip- 
tion of resin) is treated 
so that standard adhe- 
sives can be used. At 
left, suspended by piece 
of film bonded between 
two metal strips, are 
new applications, in- 
cluding ice tray lined 
with FEP film for easy 
ice removal, coated 
process roll, coated ges- 
kets, and lined rubber 
tubing (Photo, Du Pont) 


TFE-fluorocarbon wresins are 
widely used in the electronic in- 
dustry. The dissipation factor and 
dielectric constant are unchanged 
from frequencies of 60 cycles to 
10,000 megacycles. In addition, 
these properties are only slightly 
altered at elevated temperatures. 
For example, over a frequency 
range of 10? to 10* cycles, the dis- 
sipation factor does not change 
within limits of measurement to 
temperatures as high as 597° F. 

Another unusual property of 
TFE-fluorocarbon resins is their 
exceedingly low coefficient of 
friction—lower than that for any 
other solid. The static coefficient 
is lower than the dynamic value 
and thus TFE-fluorocarbon resins 
do not exhibit a slip-stick type of 
motion, and bearings and piston 
rings of TFE resins are gaining 
wide acceptance in non-lubricated 
service. 


High impact strength 

While many of the mechanical 
strength properties are adequate 
for many uses but not excep- 
tional, the impact strength is ex- 
tremely high. Even though many 
plastics exhibit better properties 
at room temperature, there are 
no plastics that retain useful me- 
chanical properties over as wide 
a temperature range. For exam- 
ple, after one month at 480° F., 
molded bars showed only a 1% 
loss in tensile strength. An ex- 
treme example of its utility at 
high temperature is as a totally 
confined gasket at a temperature 
of 930° F. under a pressure of 
15,000 p.s.i. This is possible since 
the melting point of TFE-fluoro- 
carbon resins is raised with in- 
creasing pressure. 

The value of TFE-fluorocarbon 
resins for certain applications can 
be considerably enhanced by the 
use of reinforcing agents. Such 
modification improves certain me- 
chanical properties and permits 
compositions based on TFE-fluo- 
rocarbon resins to be tailored to 2 
wide variety of chemical, me- 
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chanical, and electrical applica- 
tions. As an example, resistance 
to wear by rotating shafts can be 
increased as much as 500 times 
through the use of additives. Fur- 
thermore, the. modified composi- 
tions retain most of the outstand- 
ing properties of uncompounded 
TFE-fluorocarbon resins. Elonga- 
tion and impact strength are low- 
ered, but in most instances these 
changes do not impair the useful- 
ness of the article. 


Processing methods 


Some of the properties of TFE 
resins are relatively insensitive 
to fabrication techniques, while 
others are, to a large extent, un- 
der the control of the fabricator. 
Good thermal and chemical re- 
sistance, non-adhesiveness, low 
dissipation factor, and low dielec- 
tric constant are inherent in the 
chemical structure of the tetra- 
fluoroethylene molecule and are 
relatively independent of the fab- 
rication method. On the other 
hand, properties such as stiffness, 


flex life, permeability, and tensile 
properties are influenced by fab- 
rication. For this reason, it is rec- 
ommended that anyone contem- 
plating new designs incorporating 
TFE-fluorocarbon resins work 
closely with an experienced fab- 
ricator whenever possible. 

TFE resins are fabricated by a 
number of techniques including 
screw extrusion, ram extrusion, 
preforming followed by pressure 
or free sintering, extrusion with 
an extrusion aid (naphtha), 
coating, and dip coating and im- 
pregnation. These techniques, 
while different, have three basic 
steps in common: 1) cold form- 
ing; 2) sintering; and 3) cooling. 
The different methods are ap- 
plicable to the various forms in 
which the resin is available. 

Sheeting of TFE-fluorocarbon 
resins can be fabricated or treated 
to make it cementable to various 
substrates with a variety of con- 
ventional adhesives. The treat- 
ment may be applied to any de- 
sired area so as to preserve the 


CTFE-FLUOROCARBON RESIN* 


Polychlorotrifluoroethylene 
(CTFE resin) is a tough, rigid 
plastic characterized by excel- 
lent thermal stability, chemical 
inertness, and outstanding elec- 
trical qualities. The Kel-F! brand 
CTFE resins are available in a 
number of unplasticized grades, 
all of which are processable by 
conventional molding or extru- 
sion techniques. Kel-F grades 270 
and 300 are homopolymers of 
300,000 and 400,000 molecular 
weight respectively. Grade 500, a 
copolymer of CTFE and vinyli- 
dene fluoride, has greater flexi- 
bility and has been used princi- 
pally for injection molding and 
wire extrusion application. Kel-F 
800, another grade of CTFE- 
fluorocarbon resin, is a soluble 
copolymer which can be used in 
coating applications. 


Properties 


Parts fabricated from CTFE 
esins range from optically clear 
transparent plastics to translucent 


, opy, . prepared by Chemical Div., Minne- 
1 Mining & Manufacturing Co., St. Paul 


Minn, 


Kel-F is a trademark of Minnesota Mining 
Manufacturing Co. 
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low frictional anti-stick properties 
on untreated surfaces. 

For applications where con- 
tinuous TFE-fluorocarbon resin 
joints are required, as in tank lin- 
ings for chemical process equip- 
ment, sheet stock may be heat 
bonded. This technique employs a 
simple contact heater at a tem- 
perature of about 710° F with 
the aid of flux and contact pres- 
sure of about 35 p.s.i. 

TFE-fluorocarbon resins are 
extremely stable at high temper- 
atures. They can be used contin- 
uously up to 500° F. and, in 
special applications even higher. 
However, if at any stage in its 
processing, the resin is heated to 
temperatures above 650° F., small 
quantities of gaseous decomposi- 
tion products will be evolved, 
some of which may cause extreme 
discomfort if inhaled. Thus, a 
necessary safety precaution when 
processing is the provision of 
adequate ventilation facilities in 
areas where the TFE resins are 
handled. 





forms, depending upon the degree 
of crystallinity. Good transpar- 
ency, associated with a low de- 
gree of crystallinity, can usually 
be achieved by rapid quenching 
after fabrication. Sheets made 
from CTFE homopolymer show 
excellent transparency to infra- 
red radiation up to 4 microns, due 
to the absence of hydrogen in the 
molecule. 

CTFE homopolymer is chemi- 
cally inert to all common re- 
agents. The plastics are unaffected 
by strong alkalies, acids, organic 
solvents, and vigorous oxidizing 
agents over a wide temperature 
range. Like all fluorocarbon plas- 
tics, however, they are attacked 
by molten alkali metals. Out- 
standing impermeability to air, 
water, 28% ammonia, 50% so- 
dium hydroxide, 37% hydrochlo- 
ric acid, benzene, and methanol 
is exhibited by CTFE films. 

CTFE homopolymer has a glass 
temperature of 58° C. (136° F.) 
and a first order transition (crys- 
talline melting point) at 215° C. 
(419° F.). The resin retains use- 
ful properties over a temperature 


range from —200° C. (—328° 
F.) to plus 200° C. (plus 392° F.) 
for prolonged periods. The com- 
bination of good physical proper- 
ties at low temperatures and the 
oxidation insensitivity of the 
CTFE polymer makes it an ex- 
tremely useful material for lip 
seals, gaskets, valve parts, and 
O-rings in liquid oxygen systems. 

CTFE plastics are ideally suited 
for terminals, hook-up wire and 
other electrical applications be- 
cause of the excellent insulation 
qualities which are retained over 
wide temperature and humidity 
conditions. Corona formation and 
surface flash-over are minimized 
by the fact that the resins show 
essentially zero moisture absorp- 
tion. Arc resistance is greater 
than 360 sec. with no sign of car- 
bonization in the electrode area. 

CTFE homopolymer has high 
tensile strength and outstanding 
impact strength, even at very low 
temperatures. In addition, the 
plastic has a relatively high elas- 
tic modulus, good abrasion resist- 
ance, and shows low degrees of 
stress relaxation and compression 





set. Kel-F grade 500 plastic ex- 
hibits greater flexibility, higher 
impact strength and reduced 
tendency towards crystallization 
than the homopolymer, without 
significant sacrifice of thermal 
stability. 

Modified physical properties are 
attainable in the homopolymer by 
plasticization with low molecular 
weight poly-CTFE oils and 
waxes. For example, Kel-F grade 
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300 P 25 is available with a 25% 
plasticizer content. 

CTFE resins can be easily ma- 
chined to close tolerances (com- 
parable to brass), drilled, 
punched, sanded, buffed, or pol- 
ished using standard equipment. 
Since it is a thermoplastic, an ex- 
cessive rise in its temperature 
during machining should be 
avoided. Using new designs re- 
quiring special fabricating tech- 


niques, it is advisable to develop 
manufacturing plans with the aid 
of a fabricator who can advise on 
possibitities and limitations. 

The CTFE resins are available 
as high-density powders, which 
are essentially cylindrical pellets, 
or low-density molding powders 
which are white, free-flowing 
powders. They are also available 
as dispersions for spray and dip 
applications. 





By L. E. ROBB* 


The development of the homo- 
polymer of vinylidene fluoride 
was announced early in 1960. 
This new member of the plastics 
family has already shown consid- 
erable promise as an engineering 
material by virtue of its reported 
mechanical strength, its chemical 
resistance, and its formability by 
all the usual processing methods 
familiar to handlers of other plas- 
tics material. 

Chemically, this new plastic is 
a crystalline, high-molecular- 
weight polymer of vinylidene 
fluoride, CH, = CFs», containing 
over 59% fluorine by weight. The 
forms under development in- 
clude: fine powder for molding 
and fluid bed applications, pel- 
letized resin for molding and ex- 
trusion, solutions in organic sol- 
vents for casting, and dispersions 
of fine particles in organic media 
for protective coatings. 


Properties 

Physical: The more important 
reported mechanical properties of 
vinylidene fluoride resin are high 
tensile and compressive strength, 
kigh impact strength, and low cold 
flow characteristics. It is flexible in 
thin sections for film and tubing 
applications, and rigid in heavy 
sections where load-bearing char- 
acteristics are important. 

The material’s useful tempera- 
ture range is broad, from —80 to 
over 300° F. Its crystalline melt- 
ing point of 340° F. permits fab- 
rication to be accomplished at rea- 
sonably low temperatures. Other 
* Research Products Development t., Penn- 
salt Chemicals Corp., Philadelphia, Pa. 

1 Since original announcement Pennsalt, the 
material has been trademarked Kynar and, it is 
reported, .has undergone extensive field-testing 
by both fabricators and end users. As of 


early 1961, it was made available on a semi- 
commercial basis. 


physical as well as chemical 
properties are listed in the Plas- 
tics Properties Chart. 

Chemical resistance: Vinylidene 
fluoride is resistant to attack or 
penetration by most corrosive 
chemicals and organic solvents in- 
cluding mineral acids, oxidants, 
alkalies, halogens, and hydrocar- 
bons. Strongly polar solvents such 
as dimethylacetamide tend to dis- 
solve the polymer, Certain strong- 
ly basic primary amines such as 
n-butylamine react with the resin 
to form products which are dark 
and brittle. 

Weatherability: One of the out- 
standing properties of the resin is 
its stability to weather. Its com- 
bination of low moisture absorp- 
tion, high chemical resistance, and 
stability to ultra-violet radiation 
make it attractive for applications 
requiring long service life under 
severe atmospheric conditions. 
The tensile properties of thin film 
before and after one year expo- 
sure to an industrial atmosphere 
are as follows: 


Before After 
exposure exposure 





Tensile strength, 
p.s.i. 6500 6800 


Elongation, % 220 190 


Stress at yield, 
psi. 6000 6500 


Electrical: High dielectric 
strength in thin films, an unusu- 
ally high dielectric constant, and 
a high dissipation factor are char- 
acteristic of vinylidene fluoride. 
Its dielectric strength in combina- 
tion with mechanical strength, 
flexibility, thermal stability, and 
inertness to chemicals and weather 
suggest such applications as thin- 
wall primary insulation and jack- 
eting for specialty hook-up and 


control wire and motor windings. 
Its high dissipation factor and the 
attendant power losses may limit 
its application as an insulating 
material for high-frequency cir- 
cuits. 

Low temperature: No evidence 
of crazing or rupture were ob- 
served when \¢-in.-thick sheets 
were cooled to —80° F. and bent 
around %-in. radii. Although its 
stiffness increases sharply at ex- 
tremely low temperatures, vinyli- 
dene fluoride retains a moderate 
degree of impact strength at 
—300° F. (Izod unnotched value 
of 3.2 ft./Ib. per in.), and should 
be serviceable in many applica- 
tions at cryogenic temperatures. 

High temperature stability: The 
material is thermally stable (little 
chain scission to low molecular 
weight products) under the fol- 
lowing conditions: 


Short periods 
Intermediate 
periods 

Long periods 
Processing 

Compression molding: This 
polymer is readily compression 
molded into sheets, rods, and 
other shapes. The resin’s high sta- 
bility at molding temperatures al- 
lows complete thermal conversion 
without degradation. Molds con- 
structed of hardened steel with 
chrome-plated cavities, or high 
nickel stainless steels are recom- 
mended. For certain complex cav- 
ities, a silicone spray or emulsion- 
type release may be required. 
Preheating of molding powder or 
pellets to 350° F. is recommended. 
Mold temperature of 475° F. and 
pressure of 2000 p.s.i.g. are speci- 
fied. 

Injection molding: Vinylidene 


(> 1 year) 
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fluoride can be readily injection 
molded without making major 
modifications to standard ma- 
chines. Materials of construction 
in contact with molten polymer 
(cylinder, nozzles, and mold cav- 
ity) should. be chrome-plated 
hardened steel or a high nickel 
stainless type. It is not necessary 
to dry the resin. 

Cylinder temperatures should 
range from 400 to 525° F. Mold 
temperatures in the wide range of 
110 to 250° F. may be used. Be- 
cause of relatively high melt vis- 
cosity, molding pressures should 
be in the order of 12,000 to 20,000 
p.s.i.g. 

Extrusion: The resin can be ex- 
truded into shapes, rod, tubing, 
sheet, wire coating, and cable 
jackets. Long barrel (L/D of 
20:1) extruders, using nickel al- 
loy liners and stainless or chrome- 
plated steel dies and screws are 
recommended. The conventional 
polyethylene screw design (con- 
stant pitch, varying root diam- 
eters leading to a shallow meter- 
ing section) has given satisfactory 
results. Elongated die assemblies 
and long core tubes are recom- 
mended. Extrusion barrel and die 
temperatures should range from 
380 to 525° F. 

Dispersion coatings: The pres- 
ence of latent solvents permits the 
formation of continuous films at 
temperatures lower than the crys- 
talline melting point of the poly- 
mer. The optimum in strength is 


FEP-FLUOROCARBON RESIN 


By H. J. HAON, III* 


Teflon! FEP-fluorocarbon resin is 
a copolymer of tetrafluoroethylene 
and hexafluoropropylene. While 
providing most of the excellent 
properties of TFE-fluorocarbon 
resins, FEP resin also exhibits a 
melt viscosity low enough for con- 
ventional thermoplastic process- 
ing. FEP resin is available in 
pellet form for processing by in- 
jection, compression, and transfer 
molding, and melt extrusion, and 
s an aqueous dispersion for spray 
nd dip coating applications. 
Some of the outstanding prop- 
rties of FEP resin are: 


Polychemicals Dept., E. I. 
nours & Co., Wilmington, Del. 
rademark of Du Pont. 


du Pont de 
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VINYLIDENE FLUORIDE 
can be processed into a va- 
riety of equipment parts for 
chemical and food process- 
ing, such as the tubing, 
gears, etc,, shown above. In 
packaging, containers can 
be coated with the resin 


obtained only after completely 
fusing the polymer film at 370 to 
420° F. Dispersions may be 
sprayed on, cast, or dipped, using 
standard techniques. 

Fillers and pigments: Filled 
and/or pigmented compounds 
may be easily prepared by dry 
blending. Fillers tested to date in- 
clude graphite, molybdenum di- 
sulfide, and various metallic pow- 
ders such as iron, lead, tin, and 
copper. Glass fiber- and silica- 


containing fillers accelerate vi- 
nylidene fluoride’s thermal deg- 
radation at temperatures above 
500° F. and should be avoided. 

Machining: Sheet and rod can 
be machined to fine tolerances. 
High speed polishing or buffing 
should be accompanied by ade- 
quate cooling. 

Hot welding and heat sealing: 
The material can be hot air welded 
and film is readily heat-sealed by 
conventional impulse sealers. 


Applications 


Vinylidene fluoride is expected 
to find major uses in the following 
fields: 

Equipment parts for chemical 
and food processing, such as seals 
and gaskets; valve and pump parts 
—diaphragms, impellers, seats, and 
plugs; translucent tubing; heavy- 
wall unsupported pipe and fit- 
tings; linings for pipe, fittings, 
valves, and pumps; tank and auto- 
clave linings or coatings. 

Packaging applications, such as 
drum and container coatings and 
liners; tough, glossy films; ster- 
ilizable packaging media. 

Insulation and protective coat- 
ings, such as extruded jackets and 
primary insulation for high tem- 
perature electrical applications; 
coatings and saturants over fab- 
rics and braids for tarpaulins, 
hose, and wire insulations; film 
laminated to metals, wood, and 
other plastics for protection 
against weather and chemicals. 





1) Electrical properties: Over a 
very wide range of temperature 
and frequencies, both the dielec- 
tric constant and dissipation fac- 
tor of FEP resin are not only 
extremely low, but also remain 
relatively unchanged throughout 
the range. Volume resistivity is 
greater than 10'S ohm-cm., even 
after prolonged water soaking. 
FEP resin will melt when exposed 
to an arc, but does not carbon- 
track. 

2) Heat resistance: FEP resin 
is capable of continuous service at 
temperatures up to 400° F., and 
for short periods of time, or under 
certain conditions, up to the melt- 
ing point of 550° F. 


3) Chemical resistance: FEP 


resin is resistant to all known 
chemicals and solvents other than 
molten alkali metals, fluorine at 
elevated temperatures, and certain 
complex halogenated compounds. 

4) Low permeability: Properly 
fabricated films of FEP resin ex- 
hibit no porosity and a low per- 
meability to acids, bases, solvents, 
and moisture vapor. This low per- 
meability, combined with excel- 
lent chemical resistance and ease 
of fabrication, makes FEP resin 
an excellent material for severe 
corrosive service. 

5) Toughness and __ strength: 
Over a wide range of tempera- 
tures, from —450° to 400° F., parts 
molded of FEP resin retain 
their mechanical toughness and 
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strength. This material has ex- 
tremely high impact resistance at 
low temperatures. Although at 
room temperatures there are 
thermoplastics which are me- 
chanically stronger, almost all 
materials are degraded or very 
weak compared to FEP resin at 
temperatures over 300° F. 

6) Weatherability: Accelerated 
weathering tests on FEP resin 
predict an outdoor life in excess 
of 20 years. Outdoor weathering 
tests in Florida show no detectable 
change in the properties after four 
years. The properties of FEP 
resin are resistant to ultra-violet 
light, ozone, and extreme heat and 
cold. 

7) Non-adhesiveness and ice 
release: Tests indicate that the 
adhesion of ice and frost to FEP 
resin is lower than that of other 
presently available thermoplas- 
tics. 

8) Low friction: The coefficient 
of friction of FEP resin, although 
slightly higher than TFE resins, is 
still very low. Like the TFE res- 
ins, static friction of FEP resin is 
lower than the dynamic friction, 
so that the stick-slip effect is min- 
imized. 

9) Transparency: Film of FEP 
resin has good transparency up to 
a thickness of 10 mils. In thick- 
ness up to five mils, transparency 
is excellent. 

10) Moisture absorption: Ex- 
tended tests show that FEP resin 
has a water absorption of less than 
0.01 percent. 

11) Processability: FEP resin 
can be fabricated by conventional 
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thermoplastic techniques. It can 
be screw extruded; injection, 
compression, transfer, and blow 
molded; heat bonded; vacuum 
formed; heat sealed; spin welded; 
and applied by the fluidized bed 
process as a coating. It can be used 
for encapsulation of ceramics and 
metals. 


Applications 


The melt extrudability of FEP- 
fluorocarbon resin allows the eco- 
nomical fabrication of high tem- 
perature, chemically resistant wire 
and cable jackets in long continu- 
ous lengths on a wide range of 
primary insulations. Primary in- 
sulations with FEP resin are pos- 
sible over the whole range of 
common conductor materials, 
such as silver, aluminum, copper, 
tinned copper, and nickel- and 
silver-plated copper. The high di- 
electric strength of FEP resin, in 
combination with its mechanical 
strength and abrasion resistance 
at elevated temperatures, will 
often permit miniaturization 
through the use of smaller con- 
ductors and thinner insulations. 
Wire insulations and cable jackets 
of FEP resin can be identified by 
coloring, striping, or printing. 
Tubing, rod, and irregular shapes 
have been successfully extruded 
by thermoplastic techniques. 
These forms are suitable for use 
in capacitors, resistors, insulators, 
and for many other components 
requiring outstanding electrical 
and thermal properties. 

The applicability of FEP resin 
to injection molding techniques 


permits rapid and economical 
mass production with conventional 
equipment. Difficult-to-machine 
parts, e.g., complicated shapes or 
thin sections, can now be fabri- 
cated economically. The excellent 
dielectric properties of FEP resin 
make it especially appropriate for 
molding electrical and electronic 
parts such as high frequency con- 
nectors, microwave components, 
and insulators. Its excellent chem- 
ical properties and heat resistance 
make it particularly useful in 
highly corrosive conditions at ele- 
vated heats. 

Fabrication by compression and 
transfer molding is also feasible. 
It is possible to encapsulate trans- 
formers, resistors, coils, etc. Her- 
metically-sealed units are feasible 
using molding techniques. 

By the application of heat and 
pressure, film of FEP-fluorocar- 
bon resin can be thermoformed, 
vacuum formed, heat sealed, or 
laminated to a variety of sub- 
strates such as steel, aluminum, 
copper, glass-fabric, and asbestos. 
Applications of these processing 
techniques include high-tempera- 
ture laminates, printed cables and 
circuitry, non-stick linings, and 
protective clothing. 

Aqueous dispersions of FEP 
resin can be applied by dip coat- 
ing to substrates such as glass- 
fabric for improved heat-seala- 
bility as well as high dielectric 
strength. Protective coatings of 
FEP resin can also be produced 
on complex shapes of metal and 
other materials by the powder- 
sinter or fluidized bed techniques. 
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Furane resins 


By JOHN DELMONTE®* 


Liquid resins produced from 
furane derivatives continue to en- 
joy application in significant spe- 
cialized industrial markets. Two 
additional uses of furane deriva- 
tives announced during the past 
year indicate new trends. One of 
them is the use of the materials by 
the foundry industry in the hot 
core box process of bonding sand. 
In the second, furane derivatives 
have proved valuable to the solu- 
bilization of certain curing agents 
for epoxy resins. Applications es- 
tablished in prior years continue 
to derive benefits from the good 
chemical resistance of cured furane 
resins and the ease of wetting and 
penetration which characterize the 
liquid forms of furane resin deriv- 
atives. 


Origins 


Derived from vegetable by- 
products which are rich in pento- 
sans, furfuraldehyde serves as the 
raw material for the synthesis of 
most furane derivatives. A fluid 
with a characteristic penetrating 
odor, furfuraldehyde itself has 
been used as an ingredient for wet- 
ting abrasive grains in grinding 
wheel manufacture; as a co-react- 
ant with phenol to prepare fluid 
phenol-furfural resins; and as a 
selective solvent in manufacturing 
a number of different raw mate- 
rials for synthetic rubber and lu- 
bricating oils. 

Furfuryl alcohol, prepared by 
the hydrogenation of furfuryl al- 
dehyde, assumes importance as a 
resin former. Furfuryl alcohol re- 
acts vigorously with strong acid 
catalysts to form hard, dark-col- 
ored polymers. Atmospheric oxy- 
gen has a salutary effect, as the 
hardest regions appear on the out- 
side and move progressively in- 
ward, particularly in preparing 
laminated structures. 

Tetrahydrofurfuryl alcohol, on 
the other hand, is relatively inert 

acid catalysts, though forms 
iluable esters for the plasticiza- 
esident, Furane Plastics, Inc., 4516 Brazil 


Leos Angeles 39, Calif. 
References were prepared by the editors. 
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tion of vinyl compounds. Typical 
of these would be tetrahydrofur- 
fury] oleate. 


Processing 


Furfuryl alcohol polymers pre- 
pared from furfuryl alcohol, alone 
or in combination with urea or 
phenol aldehydes or furfuralde- 
hyde, are looked upon as the basis 
of furane plastics. There are dozens 
of patents covering their modifica- 
tion with other resin formers, 
which appear soluble during the 
early stages of polymerization, but 
which do not contribute signifi- 
cantly to the end results. Strong 
mineral acids such as phosphoric 
acid, hydrochloric acid, p-toluene 
sulfonic acid, and sulfuric acid are 
effective, whereas others such as 
acetic, formic, oleic, etc., are inef- 
fective. Actually, the formation of 
a partial polymer of furfuryl alco- 
hol is accomplished without too 
much difficulty, and relatively mild 
organic acids may be used for re- 
action. Nielsen (see References) 
describes activated alumina for this 
purpose. However, cure to a tight- 
network, chemical-resistant poly- 
mer requires more drastic condi- 
tions. 

In practical application, carbon- 
black, silica, asbestos, etc., may be 
mulled with the furane resin cata- 
lysts. The activated fillers, as they 





TABLE |: Physical properties of a 
typical furane-glass laminate’ 





Density, g./cc. 1.60 
Flexural strength, 
75° F., p.s.i. 
Flexural strength, 
150° F., p.s.i. 
Modulus of elasticity, 
p.s.i. 1,900,000 


Resin component alone 


29,000 


29,000 





Compressive strength, 
p.s.i. 
Shore D, room temp. 
Shore D, 200° F. 82 
Shore D, 300° F. 80 


1 Based on Jet-Kote X-8 laminate (No. 1500 
fiber-glass), Furane Plastics, Inc. 





are called, may now be added to 
the partial furane resin polymers. 
Proportions which may have for- 
merly entailed 2 or 3% catalyst 
may now be handled on a one-to- 
one basis when extended by the 
filler. Weighing errors are greatly 
reduced. 


Applications 


Furane resin binders are now 
available for conventional mulling 
on foundry sand. A damp mix is 
produced, which when blown into 
core boxes heated to 400 to 550° F. 
produces a dimensionally stable, 
solid core in 10 to 20 seconds. In 
this time a hard shell forms which 
permits ejection of the core from 
the box. Though the center is soft, 
it continues to cure to optimum 
strength. The furane binders are 
mixed with sand in conventional 
mulling equipment. As little as 
15% resin cured with foundry 
sand will contribute markedly to 
the strength of the sand core. 

The bonding of phenolic and 
phenol formaldehyde laminates, a 
subject of MIL-A-927, is accom- 
plished by furane resin adhesives 
which are on the QPL of this mili- 
tary specification. 

The impregnation of gypsum 
plasters with liquid furanes, long 
a valuable commercial process, 
continues to utilize partial liquid 
polymers of furane resins. 

The coating of chemical equip- 
ment with liquid furanes, furfuryl 
alcohol, formaldehyde polymers, or 
with furfural-ketone resins, con- 
tinues unabated. However, for best 
results, baked furane coatings are 
preferred, not only for maximum 
chemical resistance but also for 
best adhesion. 


References 


Consult Subject Index for addi- 
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STYRON 


GENERAL PURPOSE: 


STYRON 666—Widely used for molding and extrusion. Excel- 
lent balance of physical properties. 


STYRON 666M -—Similar to 666, with improved flow charac- 
teristics. 


STYRON 678-—Easy flow with improved heat resistance results 
in faster cycles. 


STYRON G669—Highest flow characteristics, for general pur- 
pose molding. 

HEAT RESISTANT: 

STYRON 6863—General purpose type, good heat resistance. 
STVRON 700—Highest heat resistant polystyrene. 

STYRON 690—Improved toughness, good heat resistance. 


IMPACT GRADES: 

STYRON 316—Medium impact with ease of fill and good set up 
characteristics. 

STYRON 330—Medium impact, improved flow and translu- 
cency. 

STYRON 346—Medium impact with improved toughness. 





STVRON 476—High impact, with 3 to 5 times greater impact 
strength and 9 times greater elongation than general purpose 
formulations. 


STVYRON 475M —Easy flow, high impact. 

STYRON 47658—Extra high impact. 

STVYRON 476C— Extra high impact, easy flow. 

STVYRON 480-—Extreme impact strength, good heat resistance. 


HIGH IMPACT, HEAT RESISTANT: 

STYRON 369—Medium impact, high heat resistance. 
STYRON 440-—High impact, high heat resistance. é 
STYRON 440M -—Styron 440 type with improved flow. 


LIGHT STABILIZED: 


STVYRON 672 VERELITE’—General purpose, light stablized 
for molding. 


STYRON 673 VERELITE—General purpose, light stabilized 
for extrusion. 


pi MB 
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POLYETHYLENE 


INJECTION MOLDING: 


POLYETHYLENE 410M, 610M, 700M, 900M, 901M, 
910M —Low density, flexibility. 


770M, 771M, 990M, 991M, 1000OM, 1001M—Intermediate 
density, gloss and rigidity. 


R6OO, REOO—High density, maximum rigidity. 
R810—High density copolymer, stress resistance. 
ZETAFIN* 7O—Low density copolymer, maximum flexibility. 


EXTRUSION: 


ae VervEaneE SiOE, S14E, 516E— Low density impact 
m. 


544E, 5466, 546E, 6418, 642E, 643E, 644E—Low den- 
sity, high clarity and gloss packaging film. 


S60E, 561&—Intermediate density, specialty film. 


SGIE, S62E, SE3E, S64E —Low density general purpose film 
from produce to textile packaging. 


S71H, S728, 6738—Low density high clarity, gloss and im- 
pact blown film. 


662E, 663E—Intermediate density overwrap film. 
7766—Intermediate density garment bag film. 

ZETAFIN 35—Copolymer, extremely flexible specialty film. 
PC-62, PC-56, PC-60—Pipe extrusion. 

103A1, 107A3, 303A1, 306A3, 306A4— Electrical grades 
for wire and cable covering extrusion. 

BLOW MOLDING: 


POLYETHYLENE 2008, 400B-—Low density, flexibility and 
stress resistance. 


R200, R300, R401—High density, maximum rigidity. 


R210, R211—High density copolymer, maximum stress resist- 
ance. 


ZETAFIN 30 — Low density copolymer, maximum flexibility 
and stress resistance. 


* Trademark 





TYRIL 


STRENGTH Tyril has a tensile strength (%*” test bar) as high 
as 11,000 psi and elongation values to 3.7%. The stress required 
to crack or craze Tyril in air is two to three times that of general 
purpose polystyrene. 


FOOD SAFETY —Tyril has been accepted for food contact by 
the Food and Drug Administration, and by the Meat Inspection 
Division, Agricultural Research Service, U.S.D.A. 


THERMAL STABILITY —Stability of Tyril to fabrication tem- 
peratures is good, if recommended procedures are followed. 


EXTRUSION —Tyril can be extruded in any shape normally 
possible with rigid thermoplastic materials. However, its charac- 


teristics and properties adapt it especially well for bristles and 
other monofilament applications. 
INJECTION MOLDING — Tyril can be molded at cylinder 


temperatures of 400°F. to 550°F. with conventional machines 
and molds. 


TYRIL 760 —Intermediate chemical resistance and properties 
Easy flow. 


TYRIL 767 —Good chemical resistance and properties. Inter- 
mediate flow. 


TYRIL 780 — Excellent chemical resistance and properties 
Stiffer flowing. 
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PELASPAN 


FORMULATIONS-—Pelaspan 8 for regular molding. Pelaspan 
18 for molding applications requiring flame retardant material. 


All formulations in natural color may be tinted, using dry blend 
or dye coloring. 


PELASPAN 101—For regular beadboard block molding and 
applications requiring internally pigmented granules. 
PHYSICAL PROPERTIES—Pelaspan 8, 18 and 101 have: Low 
thermal conductivity * Low water absorption * Low vapor 
transmission * High strength-to-weight ratio * Smooth surface 
* Attractive appearance. 


CUSHIONING EFFECT—One of the most useful physical 


properties of Pelaspan is its ability to cushion without rebound 
where impact occurs. This makes it uniquely valuable for the 
packaging, packing and shipping of fragile articles, precision 
instruments and equipment. 


BONDING~—Pelaspan can be foamed and bonded simultaneously 
to metals, other nonporous materials and porous materials using 
thermally sensitive type adhesives. 


INJECTION MOLDING —Frostwood* molded articles are in- 
jection molded from Pelaspan beads. They have unique surface 
characteristics including textured hard surface shells with foamed 
cores contributing an insulation factor to the article. 


* Trademark 








PVGC-100-4, moderately high molecular 
weight. Has good dry blendability, and excel- 
lent physical, aging and electrical properties. 
UL approved as interchangeable electrical 
resin. 


PVG-144, intermediate molecular weight. 
Possesses optimum combination of dry 
blendability, processability, and physical and 


SARAN 1168, 620, 643, 732 —For extruding 
as monofilaments, for woven products. 
SARAN 862, 909, 723, 422, 746-—For ex- 
trusion as multifilaments and fine fibers. 


PVC RESINS 


electrical properties. UL approved as inter- 
changeable electrical resin. 


PVC-166, an extra low molecular weight 
PVC homopolymer resin which retains the 
physical and heat stability characteristics of 
homopolymer resins, while approaching the 
processing characteristics of copolymers. 
Excellent for rigids. 


industrial products. 






PVC-111-4, medium molecular weight. For 
rigid applications, and general purpose use. 
Wide acceptance in shape and film extrusions, 
and high speed calendering. 


PVC-133-4, medium molecular weight. Easy 
processing, high plasticizer absorption resin 
for dry premixes at room temperature, and 
dry blend extrusions with high plasticizer 
content. 


SARAN 664—For extruded tubing and sheeting. 
SARAN 281—Molding, for pipe fittings, other 








MOLDING—Zer'on 150 can be molded with 
conventional equipment. Because it is not com- 
patible with other thermoplastic materials, cyl- 
inders should be purged before molding. 


"OCEL 860-—General purpose for molding 
xtrusion. 


9CEL 8665-—Extremely rigid, good low- 
rature impact resistance, high gloss. 


ICEL 866-—Less rigid than 855. Excellent 
sional stability. 


ZERLON 


EXTRUSION—Zerlon 150 can readily be ex- ef 
truded into many shapes, and sheeting. Conven- ? 
tional extruders with length-to-diameter ratios 

of 18:1 or greater are preferred. 
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ETHOCEL 870—Good impact resistance, high 
heat resistance. 


ETHOCEL 880-—Extreme impact resistance at 
low temperatures. 


ETHOCEL 890-—Extreme heat resistance, high 
impact resistance. 
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PRODUCERS 
OF QUALITY 
POLYSTYRENES 


SONIC FLOW” 
REGULAR FLOW* 
E-Z FLOW* 

JET FLOW* 
MEDIUM IMPACTS 
HIGH IMPACTS 


Solar produces virgin crystal, medium and high impact 

and color polystyrenes to meet the varying critical needs 

of every molder and extruder. Available in 5,000, 10,000, or 
20,000 pound shipments; in fibre drums, multiwall bags, 
bulk containers, hopper car bulk shipments; and in special 
packaging as required. CATALOG S-61 gives the facts. 
Write or phone for your free copy today. 


ol CHEMICAL CORPORATION 
SOLAR PARK @ Leominster, Massachusetts 
KEystone 4-8303 


SALES OFFICES: ATLANTIC NEW ENGLAND OHIO DISTRICT MIDWESTERN 
554 Fifth Avenue 35 Monument Square 2852 Gilchrist Road 6140 North Lincoin Ave. 
New York, N. Y. Leominster, Mass. Akron,Ohio Chicago 11, Illinois 
MUrray Hill 2-0326 KEystone 4-8303 STadium 4-4443 IRving 8-5425 


5/100 WAREHOUSE STORES: Akron, Ohio; Chicago, Illinois; Leominster, Mass.; Minneapolis, Minn.; Roanoke, Va.; Rock Island, III. 













T.. two major inorganic plas- 
tics materials are glass-bonded 
mica and ceramoplastics. 

Glass-bonded mica was one of 
the original inorganic plastic ma- 
terials and was first produced in 
the United States in 1923. Glass- 
bonded mica is a combination of 
natural mica and a low melting 
electrical grade of glass. Ceramo- 
plastics are the latest development 
in this field and consist of syn- 
thetic mica, usually fluor-phlogo- 
pite, and a high-temperature glass 
or inorganic crystalline binder 
(e.g., Supramica, made by Myca- 
lex Corp. of America). 

Both glass-bonded mica and 
ceramoplastics are available as 
precision molded and machinable 
parts. The precision molded parts 


*Chief Project Engineer, Synthetic Mica Co., 
Div. of Mycalex Corp. of America, Clifton, N.J 


Inorganic plastics 


are produced by injection mold- 
ing techniques while flat sheet 
stock is prepared by compression 
molding for the machinable 
grades. 

Glass-bonded mica and certain 
types of ceramoplastics are pre- 
pared by combining finely-ground 
natural or synthetic mica with 
an appropriate binder—powdered 
glass or inorganic crystalline ma- 
terials. Batches are intimately 
mixed with about 10% of water 
to produce, in essence, a mixture 
in which glass or binder particles 
surround each mica flake. The 
powdered mix is then preformed 
by cold pressing into sheets or 
small pellets. After thorough dry- 
ing, the sheet preforms are heated 
in a tunnel kiln to temperatures 
high enough to soften the glass 
and react and bond with the mica. 









By F. A. BARR* 


The sheets are then removed into 
a heated mold where they are 
compression molded at 500 to 700° 
F. under pressure of 4000 p.s.i. 
The glass solidifies and a dense, 
stone-like material is formed 
which can be machined and fab- 
ricated to exacting tolerances. 

Pellets of glass-bonded mica 
and ceramoplastics are used in 
injection molding by preheating a 
charge until the glass or binder 
softens and wets the mica, form- 
ing a plastic-like texture. The 
charge is then manually trans- 
ferred to the pot of an injection 
cylinder and injected into a closed 
mold, maintained at a temperature 
of approximately 700 to 900° F., 
at pressures from 10,000 to 50,- 
000 p.s.i. 

More advanced developments in 
the field of ceramoplastics have 





TABLE |: Typical range of properties for ceramoplastics* 











Precision 
Precision molded grades machinable grades 
(injection molded) (compression molded ) 

Electrical 
Dissipation factor, 1 m.c. 0.0014 — 0.0023 0.0013 -— 0.0020 
Dielectric constant, 1 m.c. 6.7 —_ 88 68 -- 6.9 
Loss factor, 1 m.c. 0.010 — 0.020 0.009 = 0.014 
Dielectric strength, v./mil. 270 — 400 250 -- 500 
Are resistance, sec. 250 — 300 — 300 — 
Volume resistivity, ohm-cm. 

at 20° C. 1x10" os 5x10" 1x10" _ 1x10” 

at 500° C, — — 1x10" — xl’ — 
Thermal 
Heat distortion temp., °F. 700 — 1100 900 == 1360 
Maximum temp., °F. endurance (unstressed) 650 — 1200 700 — 1550 
Thermal expansion coef. 10°°/°C. 

20-300° C. 94 — 114 11.2 — 12.0 
Thermal conductivity, cal./ 

em.*-sec. °C./em. at 100° C. 0.0012 — 0.0015 ae 0.0012 — 
Mechanical 
Specific gravity 2.7 — 38 3.0 os 3.2 
Tensile strength, p.s.i. 4000 _ 5000 5000 -- 6000 
Compressive strength, p.s.i. 25,000 _ 40,000 35,000 — 40,000 
Flexural strength, p.s.i. — 12,000 — 10,000 — 15,000 
Modulus of elasticity x 10° p.s.i. 

static loading 8.0 = 12.0 12.0 — 12.5 
Impact strength, Charpy, 

ft. Ib./sq. in. 12 — 2.0 12 2.4 
Rockwell M hardness 110 — 125 110 — 120 


Vacuum tightness—helium leakage 
rate, cc./sec. 


*Based on Supramica materials. 


Less than 2 x 10°” 
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recently resulted in materials 
produced by precipitating the syn- 
thetic mica phase from the glassy 
matrix during the preheating pe- 
riod, This results in a fine crystal- 
line dispersion of randomly-ori- 
ented synthetic mica flakes which 
is responsible for significant im- 
provement in high temperature 
properties and vacuum tightness 
compared to earlier ceramoplas- 
tics. Ceramoplastics of this type 
are available in both the preci- 
sion machinable and molded 
grades. 

In addition, special-purpose 
formulations of glass-bonded mica 
and ceramoplastics are available 
for building up specific properties 
aimed toward particular applica- 
tions. These include higher di- 
electric constants, extra light- 
weight grades, and maximum arc 
quenching properties. 

Glass-bonded mica and ceramo- 
plastics, in general, have excel- 
lent are resistance, negligible 
moisture absorption, and total di- 
mensional stability. They will not 
carbonize to produce a conducting 
path. The thermal expansion of 
these materials matches many 
common metals and alloys, al- 
lowing inserts to be directly in- 
corporated into the material dur- 
ing the molding cycle. Loss factor 
is low, dielectric strength high, 
and mechanical properties excel- 
lent. 


High-temperature uses 


As a result of the newer pre- 
cipitated synthetic mica _ type 
ceramoplastics, the operating tem- 
peratures have been greatly in- 
creased. The machinable grade 
ceramoplastics may be used up to 
1550° F. while the precision 
molded grades are stable up to 
1200° F. In addition, these ceramo- 
plastics have vastly superior elec- 
trical insulating properties at ele- 
vated temperatures compared to 
conventional types. 

The molding temperatures of the 
precipitated synthetic mica type 
ceramoplastics are also high 
enough to allow the glass binder 
to wet most common metals, so 
that hermetic seals can be formed 
with metal inserts in complex con- 
figurations directly during the 
molding process. Such hermetic 
seals show helium leakage rates 

less than 2 xX 101° cc./sec., 
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HERMETICALLY SEALED chip detector plugs, utilizing ceramoplastics. To con- 


form to end-use specifications, parts are welded to extremely close tolerances 





AUTOMOTIVE acces- 
sory motor commutators 
for 1000° F. ambient. 
High operating temper- 
atures of newer cera- 
moplastics also makes 
them useful for missile 
and supersonic aircraft 
component applications 


equivalent to less than one cc. in 
150 years, after severe environ- 
mental cycling. 

The higher operating tempera- 
tures of these newer ceramoplas- 
tics make them useful for various 
missile and supersonic aircraft 
component applications. - Typical 
electrical, thermal, and mechani- 
cal property values for some of 
the ceramoplastics are shown in 
Table IL. 

Trade names of available inor- 
ganic plastics include: Mycalex, 
glass-bonded mica and Supramica 
ceramoplastics, Mycalex Corp. of 
America, Clifton, N. J.; Mykroy, 


SIX-TERMINAL her- 
metically sealed heads. 
| High molding tempera- 
tures of ceramoplastics 
allow glass binder to 
wet metal, forming her- 
metic seal with metal 
\ inserts directly during 
molding process 





Electronic Mechanics, Inc., Clif- 
ton, N. J.; Havelex, Haveg Indus- 
tries, Inc., Taunton, Mass. 
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By L. F. SIMMONS* 


T.. chemist has always been 
fascinated by isocyanates because 
he can make them react with most 
materials which contain active 
hydrogen atoms. Despite the ver- 
satility of isocyanates in this re- 
spect, however, practically all the 
commercial applications developed 
up to now are based on combina- 
tion with polyols, molecules which 
contain more than one OH group. 
This basic reaction takes place as 
follows: 


iat 
~— NCO + — OH — — N-C-O- 
Isocyanate Hydroxyl Urethane 


During this reaction the two re- 
actants are joined through the 
formation of the urethane linkage. 
Thus, this new field of technology 
has become known as urethane 
chemistry. 


Basic chemistry 


Polyols: Fortunately, polyols 
became commercial chemicals 
some time ago and can be sup- 
plied in large quantities at favor- 
able prices. Glycols, polyesters, 
and polyethers are available in 
different ranges of molecular 
weight and in linear molecular 
configuration or with various de- 
grees of branching. Castor oil, an- 
other polyol, is a natural glycer- 
ide which is unique in having 
hydroxy groups on most of the 
fatty acid chains, and is now 
available in grades designed spe- 
cifically for use with diisocyan- 
ates. Thus, the chemist can pro- 
duce polymers with specific types 
of structures by selecting par- 
ticular polyols and by controlling 
the manner in which they are 
linked together. 

Isocyanates: Tolylene diisocy- 
anate (TDI), used to make ure- 
thane resins, is produced most 
economically as a mixture of 
isomers containing about 80% 
2,4-tolylene diisocyanate; it is 
suitable for most applications. 

Diphenyl methane 4,4’-diisocy- 
“Allied Chemical Corp., National Aniline Div., 


40 Rector St., New York 6, N.Y. 
References were prepared by the editors. 
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isocyanate resins 


anate (MDI), another popular 
commercial diisocyanate, is more 
reactive than TDI and is useful 
where a symmetrical molecule is 
required. Ordinarily, MDI is not 
used in making foams, but it of- 
fers advantages for coatings, ad- 
hesives, castings, and fibers. Less 
MDI is sold now than TDI, but 
many observers feel that the con- 
sumption of MDI will grow rap- 
idly in the near future. 


Flexible foams 


The greatest market for isocy- 
anates continues to be flexible 
foams. Much of the increase in 
production that has taken place 
during the last two years has re- 
sulted from the acceptance of 
urethane foams for cushioning by 
manufacturers of furniture and 
automobiles, In many of these ap- 
plications, the foam-rubber used 
previously has been displaced by 
the urethane, which is stronger, 
lower in density, and easier to 
fabricate. 

The development of techniques 
for making flexible urethane 
foams from polyethers has made 
it possible to provide more desir- 
able load-bearing characteristics 
than was possible with the poly- 
ester foams previously used. In 
addition, the polyether-based ure- 
thane foams can now be produced 
by an efficient one-shot process 
more economically than latex 
foam. This has led to predictions 
that urethane foam will capture 
an increasing share of the cush- 
ioning market. 

The phenomenal progress in the 
technology of flexible urethane 
foams has resulted from intensive 
research by all organizations con- 
cerned with the field. New cata- 
lysts have been developed to pro- 
vide more precise control of the 
foaming reactions, and the quan- 
tities to use for the optimum com- 
bination of properties have been 
worked out. Much has been 
learned of the role of emulsifiers 
in controlling the cell structure. 
By using fluorocarbons to help 









expand the foam when vaporized 
by the heat evolved from other 
reactions, lower densities and 
softer foams have been obtained. 
Mixing speed, production rates, 
and other mechanical variables 
have been studied thoroughly, and 
manufacturing equipment has 
been improved. 

A great deal of effort is being 
devoted to the molding of flexible 
foams in order to avoid the scrap 
losses which occur when complex 
shapes are cut from slab stock. 
Many difficulties were encount- 
ered in attempting to mold foams 
made from polyether prepolymers 
because the foaming mix is too 
viscous to flow well in the mold, 
the newly formed foam is sensi- 
tive to physical shocks of han- 
dling, and the foam must be cured 
longer than can be tolerated by 
most production lines. The> one- 
shot process offers several advan- 
tages for molding. The mix 
emerging from the head is more 
fluid and spreads some before the 
foaming starts. Furthermore, the 
newly formed foam does not col- 
lapse when subjected to pressure, 
so it will flow laterally in the 
cavity for the additional interval 
prior to setting. This property 
permits some articles, such as 
automotive topper pads, to be 
molded without traversing the 
head. More heat is evolved in 
foams made by the one-shot proc- 
ess than when the polyethers are 
first combined with the TDI to 
produce a prepolymer which is 
foamed in a subsequent operation. 
This increased exotherm acceler- 
ates the curing of the foam. Al- 
though one-shot polyether foams 
have a greater tendency to stick 
in the mold, compared with those 
made from prepolymers, that 
problem can be eliminated by the 
use of special high-melting, non- 
reactive synthetic waxes. 

One of the most recent devel- 
opments in the molding of ure- 
thane foam is the fully molded 
chair. One furniture company has 
come out with a line of chairs 
made by pouring flexible urethane 
foam around a_ tubular steel 
framework. The molded chair 
body is covered with upholstery 
and wood legs are screwed on. 
The big advantage of the foam 
molding technique for furniture, 
according to furniture people, is 
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that it allows chairs of unlimited 
design to be made quickly and 
easily. Manufacturing costs are 
reduced up to 50%, they claim. 

Also new for processors of ure- 
thane foam is a three-dimensional 
foam cutting process which is said 
to turn out foam articles faster 
and cheaper than they can be 
made by conventional molding 
techniques. The process uses dies 
made from wood and metal to 
compress flexible urethane foam. 
Part of the distended foam is cut 
off by a saw, and when the die is 
removed the foam takes the de- 
sired shape. The low cost and 
ease of fabrication of the dies give 
much of the savings over the 
cost of making foam products with 
molds which have to be machined 
to close tolerances and must have 
perfectly smooth surfaces. 

During the period when latex 
foams were the leading foamed 
plastic used for cushioning, sev- 
eral standards were established as 
bases for negotiations between 
producers and consumers. At first 
these specifications were used also 
for flexible urethane foams while 
committees of S.P.I. and A.S.T.M. 
worked on new standards and 
methods of testing. For cushioning 
applications in the automotive 
and furniture fields, specific re- 
quirements for strength, load- 
bearing ability, density, and sta- 
bility are being set up. 


Rigid foams 


The polymers in rigid foams are 
more cross-linked than in flex- 
ible foams. As their name implies, 
rigid foams are resistant to com- 
pression and can reinforce various 
hollow structural units where the 
weight must be kept to the mini- 
mum. In addition, these foams are 
composed essentially of closed 
cells which reduce the transmis- 
sion of heat. Both the insulating 
properties and strengthening are 
further improved by the excellent 
adhesion developed when the 
foams are formed in voids or be- 
tween sheets of various materials. 
Rigid foams do not absorb signifi- 
cant quantities of water. Because 
of this property, boats made of 
aluminum or of glass fiber-rein- 
forced polyester resins can be 
nade buoyant when capsized by 
ling voids with rigid foam. The 
ct that rigid urethane foams are 
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not attacked by oil and gasoline is 
especially important for this ap- 
plication. At least four boat com- 
panies are now putting rigid ure- 
thane foam in their pleasure 
boats. One company is spraying 
urethane foam onto the hull and 
deck of every one of its 1961 
pleasure boat models. 

Rigid urethane foams are well- 
suited for use as sandwich cores 
because they develop excellent 
adhesion when foamed between 
several types of commercial sheet 
materials available at low cost for 
skins. The development of im- 
proved sandwich panels is ex- 
pected to contribute to the growth 
of prefabrication in the building 
industry. Other structural mem- 
bers can be made on the same 
principle. To improve the proper- 
ties of rigid urethane foams for 
these applications, much study is 
being devoted to increasing their 
resistance to heat and to burning. 
This can be done by incorporating 
flame-retardants or by modifying 
some of the polyols which take 
part in the foaming reactions. 

Formerly, rigid foams were ex- 
panded by carbon dioxide, which 
was produced by the reaction of 
the isocyanate groups with small 
amounts of water. Thermal con- 
ductivities (K values) of foams of 
this type run around 0.24 B.t.u./ 
hr./sq. ft./°F./in. of thickness at 





INTERLINING of polyure- 
thane foam, 3/32-in. thick, 


provides warmth without 
weight. Production of foam- 
fabric laminated goods will 
exceed 90 million yards in 
1961. By 1965, output of 
300 million yards of foam 
for knit goods is anticipated 


75° F., which is the same as 
for many other materials used in- 
dustrially for insulation. Rigid 
foams can also be expanded by 
vaporizing a liquid using the heat 
evolved from the reaction of the 
isocyanate and the polyol. Tri- 
chloromono fluoromethane (Re- 
frigerant 11 which boils at 75° F.) 
is particularly suitable. This liquid 
is available as a commercial prod- 
uct at a low price so that the cost 
of making low-density foams is 
reduced. Furthermore, the foams 
made with this halocarbon have 
K values as low as 0.12, so that 
these foams are replacing conven- 
tional insulating materials for 
many applications such as re- 
frigerators, portable insulated 
chests, and insulated vehicles. 


Rigid foam applications 


Rigid urethane foam is now be- 
ing used to insulate refrigerated 
truck trailers and railroad cars. 
The foam, because of its superior 
insulating properties, can reduce 
panel thickness and thus increase 
load-carrying capacity. The chem- 
ically blown foam is put in the 
truck panels after the trailer is 
assembled. Because the close- 
celled urethane foam absorbs 
practically no water, it overcomes 
a big problem with conventional 
insulation. Commonly used insu- 
lation in one refrigerated truck 
trailer can pick up as much as 
1000 lb. of water in a year. This 
dead weight, in addition to re- 
ducing insulating effectiveness, 
reduces the truck’s earning ca- 
pacity because it must stand idle 
two or three weeks every year to 
dry out. 

By using organotin catalysts or 
fast-acting amine catalysts, rigid 
foams can now be made from 
branched polyethers and TDI by 
the one-shot process. The han- 
dling qualities are improved and 
the costs are reduced so that these 
rigid foams are now being eval- 
uated for a wider range of uses. 

Equipment and procedures have 
been developed to spray rigid 
foams, and this method of applica- 
tion provides a potentially eco- 
nomical means to insulate tanks 
and other structures already in 
place. Shelters for troops and 
other military enclosures have 
been produced by spraying rigid 
foam on spheres made by inflating 
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fabrics. Radar waves pass freely 
through rigid foam, so it is suit- 
able for constructing radomes. 

One company is spraying rigid 
urethane foam on the tank shells 
of railroad cars in tests to deter- 
mine if the foam can serve as a 
protective insulating jacket, re- 
placing the glass fiber insulation 
and steel outer jacket combina- 
tion conventionally used. Advan- 
tages of the foam jacket would be 
that it could be easily repaired in 
case of a wreck, increase the tank 
car’s carrying capacity, provide 
better insulation, and reduce 
painting maintenance. 

An unusual application for rigid 
foam is to immobilize broken 
bones while healing. The foam is 
poured inside the broken limb at 
the point of fracture and is ab- 
sorbed by the body after the 
bones have knit together. 


Elastomers 


By careful selection of raw ma- 
terials and the way the chemical 
building blocks are assembled in 
the construction of the polymer, 
the chemist can produce elastom- 
ers with unusual combinations of 
properties. Usually a diisocyanate 
is reacted with a dihydroxy com- 
pound in proportions to form a 
linear chain containing an NCO 
group at each end. Then these 
partial polymers are extended and 
cross-linked together by further 
reaction with special chemicals 
and during curing. 

In addition to the control the 
chemist has over the architecture 
of the polymer, the reactants are 
liquids and thus easier to handle 
than the gums and rubbers used 
in many conventional processes. 
An example is the casting of ure- 
thane printing rolls, which are 
abrasion-resistant and can be 
made to the precise degree of 
hardness desired. Special urethane 
polymers are used for dual pur- 
poses in rockets: to bind the par- 
ticles of the oxidizer and also to 
serve as the fuel. 


Fibers 


The name “Spandex” has been 
established by the Federal Trade 
Commission to designate fibers 


containing 85% urethane. Several ° 


manufacturers have been devel- 
oping such products and evalua- 
tions in the field appear to be ap- 
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proaching completion. Spandex 


fibers are especially well-suited 
for elastic thread, having lower 
density and greater elongation 
than rubber. In addition, the ure- 
thane fibers retain their qualities 
better after repeated laundering. 


Coatings 


The isocyanate coatings market 
has shown a considerable gain 
during the past year. The greatest 
increase has occurred in the fields 
of maintenance coatings, outdoor 
and indoor clear varnishes, wire 
coatings, and patent leather fin- 
ishes. Patent leather, in particu- 
lar, makes good use of the high 
gloss and high abrasion resistance 
that characterize these new 
urethane coating materials. 

These coatings can be divided 
into two general groups: isocy- 
anate reactive coatings which de- 
pend upon the reaction between 
isocyanate and hydroxyl groups 
for curing, and diisocyanates com- 
bined with unsaturated drying 
oils which cure by conventional 
means. 

Isocyanate reactive coatings 
are formulated from polyesters, 
polyethers, or other polyols and 
diisocyanates or diisocyanate ad- 
ducts. These components must be 
kept in separate containers until 
just prior to use—the so-called 
“two-can” system. 


One-can system 

The reactive isocyanate groups 
can now be temporarily blocked 
with phenol and the components 
stored in one can. Then when the 
coating is applied and baked, the 
phenol splits off and the isocya- 
nate is once again available for 
the more stable urethane reaction. 
This type of system is used for 
wire coatings. 

Other two-can coatings based 
on castor oil/tolylene diisocyanate 
(TDI) and castor oil/diphenyl- 
methane diisocyanate (MDI) 
have proved serviceable under 
harsh chemical conditions. Of the 
two, the MDI-based coatings have 
the better chemical resistance. 
Fillers like graphite, portland ce- 
ment, and antimony oxide have 
been used to impart improved 
toughness and also to improve 
chemical resistance. 

Oil-modified urethanes have 
been on the market for several 


years, and are finding acceptance 
in coatings on a cost/performance 
basis. They are made like oil mod- 
ified alkyds, with the diisocyanate 
replacing some of the dibasic 
acid. They offer several advan- 
tages: fast drying time, unusual 
durability and hardness, and good 
weathering resistance. 

The biggest market for oil- 
modified urethane coatings at 
present is clear floor varnishes. 
These fast-drying finishes permit 
resumption of normal floor activ- 
ity the same day coatings are ap- 
plied, and also allow more rapid 
production of finished flooring. 
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ini nylons are polymeric 
resins, formed by the condensa- 
tion of dibasic organic acids with 
diamines into linear chains con- 
taining amide groups. They were 
developed in the classic researches 
of W. H. Carothers and intro- 
duced on the market in 1938 in 
the form of bristles and hosiery 
fibers. The inherent properties of 
the material, however, such as 


strength, toughness, ability to 
withstand high temperatures, 
abrasion resistance, and good 
chemical resistance, made _ it 


quickly apparent that a potential 
existed as an industrial molding 
powder. Consumption of nylon 
powders for this purpose has in- 
creased considerably over the 
past few years. 

Table I, p. 221, lists the various 
types of present-day commercial 
nylons, showing the chemical raw 
materials used to make them and 
the properties that are imparted 
by them to the different nylons 
listed. 


Types of nylons 


Within the wide range of nylons 
available, the three most impor- 
tant types are designated nylon 
6/6, nylon 6, and nylon 6/10. Ny- 
lon 6/6 (so-called because both 
the acid and amine used in making 
it contain 6 carbon atoms) is the 
most common and oldest type of 
nylon. Nylon 6, a newer material, 
is a polymer made by opening the 
ring of caprolactam, a 6-carbon 
condensed amide. Some of the 
nylon grades possess somewhat 
higher impact strength, are more 
flexible, and have better low tem- 
perature properties than nylon 6/6; 
however, these attributes are at- 
tained through a sacrifice of stiff- 
ness, heat resistance, and creep 
properties. 

In the manufacture of the third 
major type of nylon. 6/10, sebacic 
acid is substituted for the adipic 
acid component to yield a softer, 


This article is based on information sup- 
plied by E u' Pont de Nenours & Co., 
Inc.; Spencer Chemical Co.; Plastics and Coal 
Chemicals Div., Allied Chemical Corp.; Fiber- 
il, Inc.; Foster Grant Co., Inc.; The Polymer 
Corp.; Firestone Plastics Co.; and Belding- 
Corticelli Industries 
References were prepared by the editors. 
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more resilient polymer with lower 
water absorption and better wet 
stiffness. 

Over-all, however, the common 
6/6 and 6 nylons have fitted into 
their important and rapidly grow- 
ing uses because of a unique com- 
bination of desirable properties. 
They are stiff, strong, tough, light, 
abrasion-resistant, and _ self-ex- 
tinguishing, have a low coefficient 
of friction, and are chemically and 
thermally resistant. Such proper- 
ties, plus their ability to be ac- 
curately molded into intricate 
shapes, have fitted them for me- 
chanical and other critical appli- 
cations where they either replace 
less satisfactory or more expen- 
sive metal parts, or do jobs pre- 
viously not possible. While wear 
properties are improved by lubri- 
cation, nylon bearings give excel- 
lent service with no lubrication 
under many service conditions 
and will frequently outwear cor- 
responding metal parts. Nylon’s 
chemical resistance is particularly 
valuable where electrolytic action 
corrodes metal parts, particularly 
where a bimetallic junction is in- 
volved. This property recommends 
nylon for various marine and oil- 
field applications. 

Research work has also been 
going forward on various types of 
reinforced nylon molding com- 
pounds. One manufacturer claims 
to have developed a glass fiber- 
filled nylon with tensile strengths 
much greater than nylon in its 
virgin state. Another manufac- 
turer reports on a molybdenum 
disulfide-filled nylon which offers 
high wear resistance, low dry- 
running friction, and excellent 
dimensional stability. 

Also new in this country is 
nylon 11, a resin derived from the 
castor bean and in use in Europe 
for several years. These resins are 
claimed to have lower moisture 
absorption than other commer- 
cially available types, as well as 
thermal stability in processing 
which makes it possible to pro- 
duce large precision moldings 


using conventional techniques. 
Injection molding and extrusion 






are the usual methods of process- 
ing nylon; application from solu- 
tion, composition molding, sinter- 
ing, and other techniques are used 
for special purposes. 


Processing nylon 


The common nylon 6/6 and 6 
compounds can all be handled in 
conventional machines with little 
modification in equipment or pro- 
cedures. When injection molding 
nylon 6/6, those differences that 
do exist can be attributed largely 
to the material’s sharp melting 
point and low melt viscosity. This 
makes it necessary to fill molds as 
quickly as possible and the use of 
a booster is usually recommended. 
Nylon 6/6 also tends to freeze 
rapidly, contributing to rapid 
cycle and minimizing flash prob- 
lems. 

Nylon 6 has a wider range of 
molding temperatures and a 
higher melt viscosity than mold- 
ing-grade 6/6 nylon. Furthermore, 
nylon 6 and certain modified com- 
positions, such as Zytel 109! resin, 
have lower mold shrinkage and a 
lower melting point—contributing 
to greater ease in the molding of 
heavy sections without internal 
voids. 

In extrusion-grade materials, 
both nylon 6/6 (e.g., Zytel 42) and 
nylon 6 {e.g., Spencer 607, Fosta 
nylon 65C?) are available with 
higher melt viscosities than were 
heretofore possible—and conse- 
quently extruded nylon profiles, 
tubing, pipe, film, and sheeting 
have started to find important new 

markets. Considerable activity has 
been noted in developing the use 
of nylon pipe in applications where 
the superior chemical resistance 
and heat resistance of the nylons 
is indicated. Extruded tubing has 
also made a place for itself in 
applications where resistance to 
pressure and vibration, combined 
with oil resistance, are important. 
Extruded film and sheet is now 
available and is being evaluated 
for packaging and industrial uses. 
Nylon 6 sheeting can be pro- 
duced on standard high-impact 
polystyrene extruder lines; nylon 

6 film is generally produced by 

blown tubing or cast film methods. 

Blown tubing extrusion generally 


1 Trademark of E. I. du Pont de Nemours and 
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results in a more crystalline film 
than casting, especially on the 
thinner gages. 

Nylon, in stock shapes and 
sizes, can also easily be machined. 
This type of fabrication is espe- 
cially recommended for symmet- 
rical components with multiple 
undercuts, internal threads, and 
longer inside diameters. The 
break-even point between mold- 
ing or machining nylon parts is 
generally higher for smaller parts. 
For example, results on a part 
with a volume of 0.7 cu. in. indi- 
cate it would be more economi- 
cal to mold than screw machine 
in quantities of 2000 and up, while 
a 0.i-cu.-in. part did not become 
more economical to mold until 
quantities of 40,000 were reached. 

An interesting technique in 
making nylon parts with im- 
proved wear characteristics and 
dimensional stability is cold 
pressing and sintering. By this 
method, specially processed finely 
divided nylon powders. are 
pressed and sintered in a process 
somewhat similar to that used in 
powder metallurgy. The parts 
(e.g., Nylasint® nylon parts) can 
be sintered in oil to provide sur- 
face lubricity and an exception- 
ally low coefficient of static and 
dynamic friction. Various fillers, 
such as molybdenum disulphide 
and graphite, can be incorporated 
in concentrations as high as 80 
percent. The parts exhibit su- 
perior crystallinity and have re- 
duced thermal and hygroscopic 
expansion characteristics. 

Nylon coatings for metals (e.g., 
Corvel® fusion bond finishes) are 
now available through the use of 
a process claimed to produce 
coatings retaining the prime me- 
chanical characteristics of the 
nylon resin and its protective 
surfacing characteristics for such 
applications as rollers, bearings, 
degreasing racks, etc. In this 
process, the object to be coated is 
preheated and dipped into a bed 
of fluidized dry coating powders 
which, as the part is moved to and 
fro, impinge on the surface of the 
object and coalesce to form a uni- 
form coating. The process was de- 
veloped and patented in Europe; 
patents have now been issued in 
the U.S. and the process is avail- 
able under license. 
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When glass is combined with 
nylon, total dimensional change is 
reduced to less than 20% of pre- 
vious levels while, at the same 
time, other physical properties 
are doubled. A wide variety of 
such reinforced compounds are 
available, including materials 
based on type 6, 6/6, and 6/10 ny- 
lons (e.g., Nylafilt). In some 
cases, tensile strength is raised to 
over 30,000 p.s.i., which is almost 
three times that of any unrein- 
forced thermoplastic and is com- 
parable with a number of the 
metals. Other properties are pro- 
portionately improved. 

These materials are molded in 
normal injection molds although, 
due to less shrink, lower factors 
must be used; cavities made for 
unreinforced grades usually can- 
not be used for glass types. The 
materia! fills very well and coil 
forms with flanges 0.012 in. thick 
are produced without difficulty. 

Typical applications include 
bearing cages or separators, timer 
cams, coil forms, valve bodies, 
pulley flanges, and tool handles. 


Drying 

A major problem when han- 
dling nylons, particularly 6/6 and 
6, is the fact that the materials 
are hygroscopic and will eventu- 
ally absorb about 24%% moisture 
under average atmospheric con- 
ditions. However, more than 
about 0.3% moisture causes 
splayed moldings of reduced 
toughness. Therefore, every effort 
should be made to protect the 
molding powder from atmos- 
pheric moisture. If excess mois- 
ture has been picked up, the 
nylon should be dried in a dehu- 
midified air oven or a vacuum 
oven before the molding opera- 
tion. It is most important that the 
air taken in by the dryer be low 
in relative humidity. Nylon 11 is 
handled in the same way. 

Several after-treatments of ny- 
lon moldings are used to advan- 
tage. To relieve stresses, and 
thereby improve dimensional sta- 
bility and toughness, moldings are 
often annealed at about 350° F. in 
an inert medium such as Glyco- 
wax $932. Furthermore, since 6/6 
and 6 nylon, as mentioned above, 
will absorb about 244% moisture 
under normal atmospheric condi- 
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tions, it is often convenient to add 
about this much water by im- 
mersing in boiling water in order 
to improve the toughness of the 
molded piece. 


Applications 

Nylon is more often used be- 
cause of its combination of excel- 
lent properties than for any one 
single characteristic. These vari- 
ous properties have been ex- 
ploited by a constantly expand- 
ing family of applications. The 
6/6 and 6 nylons are particularly 
useful in molded mechanical 
parts. For example, nylon gears 
and bushings are being used in 
textile machinery, household ap- 
pliances, calculating equipment, 
automobile speedometers, and 
windshield wipers, and in office 
and builder’s hardware, to men- 
tion only a few. In addition to its 
other properties, nylon’s excel- 
lent abrasion resistance in the 
absence of lubrication is particu- 
larly valuable where frequent 
oiling is either undesirable or in- 
convenient. For example, lubri- 
cation adequate for metal parts is 
often very undesirable in textile 
and food machinery, while in 
household appliances and fishing 
reels the problem of lubrication 
is apt to be neglected by the ulti- 
mate user. 

Other mechanical parts uti- 
lizing nylon’s excellent frictional 
properties include elevator gibs, 
sliding parts for storm windows, 
and drapery hardware. 

Another of nylon’s properties, 
its impact resistance, is particu- 
larly valuable for automobile and 
refrigerator door-closing mecha- 
nisms, many housings, cams, and 
aerosol bottles. Two recent de- 
velopments are expected to pro- 
mote this latter market even fur- 
ther. One is the availability of 
resins designed for extrusion and 
blow molding and the second is 
the development of spin-welding 
techniques. This technique makes 
it possible to injection mold a 
bottle in two halves and economi- 
cally join them together by a 
spinning operation. 

The strength and stiffness of 
nylon are required in almost all 
of its uses. Its retention of these 
properties at elevated tempera- 
tures gives it wide acceptance for 
coil forms. These have been pro- 
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TABLE I: THE NYLONS—RAW MATERIALS, TRADENAMES, PROPERTIES 
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Chemical basis of nylon designation Suppliers and tradenames Comments on properties 
Polyhexamethylene- nylon-6/6 E. I. du Pont de Nemours and Co. Zytel 42 is an extrusion-grade ma- 
adipamide Inc.—Zytel 42, 101, 101-2315, 103, terial with higher melt viscosity; 
105, 109 and FE-2281 101 is general-purpose material; 
101-2315 same with improved mold- 
ability; 105 has added weather re- 
sistance; 103 heat- resistance; 109 
meets broader range of molding and 
end-use requirements; FE-2281 has 
improved hot-water resistance. 
modified E. I. du Pont de Nemours and Co., Molding grade resin with lower 
nylon-6/6 Inc.—Zytel 109 melting point and recommended for 
(copolymer) large sections. Properties are com- 
parable to 6/6 resins. 
Polyhexamethylene- nylon-6/10 E. I. du Pont de Nemours and Co., More moisture - resistant than the 
sebacamide Inc.—Zytel 31, 33, 38, and 37X above, more flexible, easier to work, 
lower in melting point, and less stiff. 
Zytel 33 is heat-stabilized Zytel 31. 
Zytel 37X is heat- and light-stabi- 
lized. 
n-alkoxy methyl- nylon-8 Belding-Corticelli Industries—B.C.I. Solution, molding, and extrusion 
substituted polyhex- 800 Series Nylon grade resins are available in this 
amethylene-adipa- series. Flexible thermoset or ther- 
mide moplastic coatings are applied from 
alcohol/water solutions. Thermoset- 
ting is affected with an acid catalyst 
and a time/temperature cure. 
Not disclosed, E. I. du Pont de Nemours and Co., Soluble in methanol and ethanol, but 
possibly a copolymer Inc.—Zytel 63 and 69 cannot be made insoluble. Used 
chiefly for textile treating. 
Not disclosed, made spe- E. I. du Pont de Nemours and Co. Made only to Army specifications for 
cifically for the Army Inc.—Zytel 3606 infantry wire jacket. 
Polycaprolactam nylon-6 Plastics and Coal Chemicals Div., Controllable crystalline structure, 
Allied Chemical Corp.—Plaskon permitting orientation for film. 
Nylon 8200 and 8201 Wide viscosity range. Wider plas- 
E. I. du Pont de Nemours and Co.,_ticizing range for molding larger 
Inc.—Zytel 211 pieces. 
Spencer Chemical Co.— Spencer 
Nylon 401A, 402, 404, 600, 603, 
605A, 606, and 607 
Foster Grant Co., Inc—Fosta-Nylon 
61ASK, 62ASK, 62AE, 61CSK, 
65C, 61D, 62ASKH 
Alfred C. Toepfer, Inc—Grilon 
American Enka Corp.—Nylenka 
Catalin Corp.—Catalin 
Firestone Plastics Co.— Firestone 
Nylon 200, 210 
Polyamide from 11- nylon-11 Belding-Corticelli Industries—B.C.I. A series of low moisture absorbing, 


aminoundecanoic acid 





1100 Series Nylon 





dimensionally stable resins which 
can be formed by conventional in- 
jection, extrusion, and blow molding 
techniques. 
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NYLON FOR HOUSINGS MADE NEWS IN ’61... 


FLAME RESISTANCE, high gloss and impact strength won nylon the 
nod for housing of new soldering gun designed for the do-it-yourself 
market, Nylon’s electrical insulation standards earned Underwriters’ 
Laboratories approval (Photo, Allied Chemical Corp.) 


SHATTERPROOF nylon case 
is a feature of Schick shaver. 
Reasons for switch to nylon 
in this application were ny- 
lon’s high impact strength 
and good dimensional stabil- 
ity, available at little in- 
crease in cost when speed 
of injection molding and 
elimination of deflashing 
operations were considered 
(Photo, Foster Grant) 


SUPERIOR INSULATION PROPERTIES of nylon were the basis for its 
selection to replace die-cast aluminum in the housing of this portable 


electric power drill. 


Properties now meet strict European insulation 


standards, broadening markets for the tool (Photo, Du Pont) 


duced in tremendous quantities— 
offering economies due to mass 
production and injection molding 
techniques and because breakage 
during winding is minimized. In 
mixer valves for automatic wash- 
ing machines, its mechanical 
properties make it the choice of a 
large majority of manufacturers. 

Nylon’s electrical properties are 
adequate for many other electri- 
cal applications where its me- 
chanical properties are of prime 
importance. These include switch 
housings, grommets, cable clamps 
and other fastening devices, in- 
sulated connectors, and numerous 
other molded parts in this cate- 
gory. Housings for small appli- 
ance motors (e.g., electrical drills, 
razors, etc.) are one of the new- 
est—and a potentially large— 
market for molded nylon. 

Nylon’s chemical resistance is 
a determining factor in many ap- 
plications. For example, marine 
equipment, aerosol valve parts, 
and moldings exposed to oil well 
brines must resist electrolytic 
corrosion. An outstanding ad- 
vance is the naval stuffing tube, 
which is not only lighter and less 
expensive to produce than the 
conventional fittings, but also has 
excellent resistance to salt water 
corrosion. 

Where long-term exposure to 
elevated temperatures (250° F.) 
is required, various heat-stabi- 
lized resins are available. Useful 
examples are electronic compo- 
nents and fastening devices for 
the aircraft industry as well as 
such automotive parts as oil fil- 
ters and gas filters. Other resins 
for special purposes include the 
black weather-resistant nylons. 
These are suggested for use in 
agricultural machinery, sporting 
goods, electrical equipment, and 
for other applications where out- 
door exposure is involved. 

Extrusion applications for ny- 
lon are expected to account for 
an increasing share of the total 
business. Resins of viscosity suit- 
able for molding may be used for 
simple extrusion operations where 
retention of shape is not critical. 
Here the low viscosity of many 
nylons above their melting points 
is not a handicap. However, 
where retention of shape after 
leaving an extruder die is impor- 

(Continued on p. 227) 
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Ameripol polyethylene is 
a new ethylene plastic polymer 
that combines durability and proc- 
essability. The Goodrich-Gulf process 
imparts new highs in the important prop- 
erty of envizonmental stress cracking resist- 
ance, while maintaining the processing ease 
of conventional high-density polyethylenes. 
Durability and processability, combined 
with other properties peculiar to high- 
density polyethylene, make Ameripol 
exceptionally applicable to ex- 
truded pipe, extruded insulation 
on wire and cable, and 
blow-molded articles. 


The durable, | AMERIPOL 
high-strength 
Mictivlene with HIGH-DENSITY 


easy processability POLYETHYLENE 
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Dielectric Strength @25°C (a) 0149-55T 
Dielectric Constant @25°C.... - 0150-54T 
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..with easy processing on standard equipment 


CHECK THESE 
AMERIPOL 
ADVANTAGES 


Durability — high strength and 
resistance to environments to im- 
prove product quality. 


Exceptional stress-crack resist- 
ance—several times higher than 
comparable high-density poly- 
ethylenes. 


Excellent thermal embrittlement 
resistance—to withstand elevated 
temperatures. 


Processability—standard equip- 
ment may be used. Products 
easily machined, grooved, or 
punched. 


Clarity — Ameripol can be pro- 
duced in a range of clarity from 
Opaque through any degree of 
translucency to near-perfect trans- 
parency in films. 


Gloss — articles molded of 
Ameripol develop a surface gloss 
approaching the ‘‘shine’’ and 
“feel’’ of glass. 


Impermeability — Ameripo! poly- 
ethylene offers a high resistance 
to passage of most gases and 
vapors. 


Rigidity—parts made of Ameripol 
have a rigidity not obtainable with 
low- and medium-density poly- 
ethylenes, yet retain a degree of 
flexibility. 








SUPERIOR PROCESSABILITY—A prime advantage of Ameripot 
polyethylene is processability of extremely high molecular weight poly- 
mers on conventional plastics equipment. Compounds with melt index 
values as low as 0.01 have been extruded at commercial rates as wire 
insulations using standard wire-covering equipment. 

The distinct gains which accrue to the plastic processor through the 
use of the higher molecular weight polyethylenes are illustrated in the 
accompanying graph. The upper, straight-line curve shows that certain 
physical properties, such as tensile strength, increase only slightly with 
decreased melt index. On the other hand, other critical properties, such 
as stress-crack resistance, impact strength, and resistance to thermal 
embrittlement are affected much more drastically by small decreases 
in melt index. Ameripol, which lies within the shaded area of the graph, 
has processability essentially equivalent to conventional polyethylenes, 
but Ameripol durability is vastly superior because of the sharp increase 
in ‘‘durability’’ properties below a melt index of 0.2. This is the limiting 
point of most other high-density polyethylenes: other manufacturing 
methods cannot produce a material below 0.2 melt index, or those mate- 
rials that are produced cannot be processed reliably. 
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AMERIPOL FOR PIPE AMERIPOL FOR INSULATION 

Excellent impact strength Extrudes easily, yet provides a 

AMERIPOL FOR CONTAINERS and stress-crack resist- tough, temperature-resistant 

Makes durable, beautiful blow-moided products. ance make a superior coating with excellent dielec- 
Unlimited choice of color; satin-smooth finish plastic pipe tric properties 








Use Ameripol for a competitive edge in your products 


Get the complete story on Ameripol—A call to Goodrich-Gulf Technical Service is all that’s needed. 

An experienced sales engineer will come out to your plant and help you select the right grade of 
Ameripol for your product. You'll find that Goodrich-Gulf has the technical know-how to handle every 
aspect of your high-density polyethylene needs—from application and production to shipping = 
and storage. See how better products start with Ameripol high-density polyethylene—write for Se 
your Ameripol Technical Data file now! s 


Goodrich-Gulf Chemicals, Inc. 
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tant, as for blown bottles and any 
but the most simple shape ex- 
trusions, new high-viscosity res- 
ins are now beginning to assume 
a more prominent place. 

The use of nylon as a jacket 
for wire and cable is well-estab- 
lished. In some cases, such as 
magnet wire and geophysical 
cable, it may be used as a primary 
insulant, but because of its re- 
sistance to temperature change, 
abrasion, grease, and oil, it is 
more common as a jacketing over 
polyethylene, rubber, or vinyl 
compounds. Aircraft and other 
types of hookup wire, tree wire, 
and electric blanket wire are 
common examples. The softer 
grades of nylon are also used for 
control cable jackets, as in tiller 
cable for small boats and for 
various rollup devices. Radiant 
heating wire is another possibility 
for nylon jacketing. There has 
been considerable emphasis on 
this type of heating in the past 
year and this could be a rather 
large market. 

For outdoor applications, 
weather-resistant grades of ex- 
trusion resins have recently be- 
come available. These permit 
construction of highly abrasion- 
resistant wires with outdoor life 
comparable to the best materials. 

The properties of nylon make 
it ideally suited for many tubing 
applications. Its strength, fatigue 
resistance, and chemical inert- 
ness, particularly to hydrocar- 
bons, make it attractive for auto- 
motive and other lubrication 
systems, for fuel lines, air sus- 
pension systems, and many other 
applications. Its lightness and ease 
of assembly have made possible 
important economies in a great 
many installations. 

Nylon tubing reached a fair 
volume in 1960, particularly in 
the instrumentation field, and a 
continued growth is anticipated, 
with emphasis on petroleum field 
applications. 

Still other markets exist in 
films and laminates. Here the high 
abrasion resistance, high-temper- 
ature properties, and chemical re- 
sistance are particularly valuable. 
Grease and oil packages, steriliz- 
able packages, and heavy-duty 
laminated constructions are ex- 
amples. 

Nylon-6 film obtained its first 
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volume use in 1959 in the devel- 
opment of the Delco-Remy shock 
absorber bag; other volume ap- 
plications are under development. 

A major potential market exists 
in the field of aerosol bottles. 
Here, strength, toughness, and 
impermeability contribute to the 
design of attractive bottles of 
almost unlimited color possibili- 
ties, with the added feature of 
protection against the possible 
losses and dangers from breakage. 

Less rigid and soluble types of 
nylon find many specialty uses. 
As moldings, they are useful 
where extremely high impact 
strength is required. Examples 
include soft-faced hammers and 
bowling pin bases. In the hammer 
application, prior to the selection 
of nylon, the manufacturer tested 
a wide range of materials by 
striking each one 140 times a 
minute with a sharp-pointed ob- 
ject giving a 50 ft.-lb. blow. Nylon 
lasted over 150 hr.—or approxi- 
mately 1,260,000 blows—2%% times 
as long as the next best material. 

Applied as solutions or disper- 
sions, the nylons form imperme- 
able linings for aircraft fuel cells, 
and are widely used as soft, abra- 
sion-resistant finishes. A solution 
of nylon in a special alcohol sol- 
vent (“Sergene,” Du Pont) is used 
as a spray-on or paint-on lacquer 
for the protection of edges of cut 
fabrics. 

The large castings field has only 
barely been scratched and large 
gears and gear blanks look very 
promising as a source of increased 
sales. One recent step in this 
direction was the development of 
large roller coverings used in the 
processing of paper, textiles, arti- 
ficial leathers, and forming metal 
strips. 

Other areas of growth for nylon 
have been opened up by the in- 
creased strengths possible with 
glass-filled molding material. Ny- 
lon-6, for example, has a ten- 
sile strength of about 12,000 
p.s.i.; in glass-filled form, the 
strength is raised to 21,950 p.s.i. 
Similarly, impact strength (Izod) 
is raised from 1.2 to 3.6 ft.-lb./in. 
of notch. These figures apply to 
one specific glass-filled material; 
for the range of properties re- 
ported by various sources, see the 
Plastics Properties Chart. 

Nylon is still somewhat under- 


rated in its ability to outwear 
metals and other materials in 
general mechanical applications. 
Up to now, it has been more gen- 
erally accepted for parts such as 
bearings, washers, gears, etc., but 
is now beginning to find increas- 
ing use in larger shapes for roll- 
ers, wheels, wear plates, slides, 
dies, mountings, panels, and other 
wear parts. The unique combina- 
tion of properties for these appli- 
cations includes its toughness, 
resilience, abrasion and wear re- 
sistance, low surface friction, 
nonabrasive surface, and sound- 
deadening characteristics. Shapes 
with increasing utility for such 
applications include nylon tubular 
bars up to 15 in. outside diameter, 
plates up to 1% in. thick, disks 
up to 7 in. thick and 17 in. outside 
dia., and rods up to 8 in. diameter. 
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Phenolics 


| ert phenols and aldehydes 
can be combined to form useful 
products, giving rise to the phe- 
nolic branch of the plastics indus- 
tries. The more important of these 
products are initially soluble, 
liquid, or fusible solid resins 
which can further react, or ther- 
moset, into rigid, insoluble, in- 
fusible structures. 

Phenol is reactive toward form- 
aldehyde at three points: the two 
ortho positions and the para posi- 
tion. When combined with formal- 
dehyde and cured via one of sev- 
eral reaction routes, the resultant 
product consists of a large net- 
work of phenolic nuclei linked to- 
gether by methylene groups. The 
formation of a completely cross- 
linked structure (a portion is 
shown in Fig. 1, below) requires 
three molecules of formaldehyde 
for each two of phenol. With less 
formaldehyde, the cured struc- 
ture cannot be completely cross- 
linked and will be less resistant 
to softening at elevated tempera- 
tures. 

Replacement of part of the 
phenol with a phenolic compound 
having one of its reactive posi- 
tions blocked, such as ortho cresol, 
para cresol, or para tertiary buty] 
phenol, is another means of re- 
ducing cross-linking and a means 
of slowing the rate of cure. When 
used alone, these phenols produce 
resins that cannot be cured and 
their usefulness depends upon 
other properties. (For example, 
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para tertiary butyl phenol resins 
impart good weathering to paints 
and varnishes.) 

While formaldehyde is by far 
the most important, other alde- 
hydes, such as furfural and acet- 
aldehyde (as paraldehyde), may 
be employed to get such special 
properties as a longer flow period. 


Base catalyzed reactions 

In the presence of basic cata- 
lysts, such as sodium hydroxide, 
calcium hydroxide, or tertiary 
amines, phenol and formaldehyde 
form a mixture of addition prod- 
ucts calied methylol phenols or 
phenol alcohols. Normally, more 
than one mol of formaldehyde per 
mol of phenol is employed and 
the mixture consists of all of the 
possible ortho- and para-, mono-, 
di-, and trimethylol phenols. 
These, plus some unreacted phenol 
and formaldehyde, are the con- 
stituents of so-called “water- 
soluble” liquid phenolic resins. 


Condensation 


Heating the methylol phenols 
causes one or more of several 
condensation reactions to take 
place. The most important of 
these is that by which a methylol 
group is converted to a methylene 
link between phenols as illus- 
trated by Fig. 2, p. 229. 

As the condensation progresses 
and more and more of the meth- 
ylol yroups are converted to 
methylene links, the resins be- 
come viscous liquids or brittle 
solids that have lost their water 
solubility but are still soluble in 


FIG. 1: Portion of cross- 
linked structure of cured 
phenolic resin. Structure re- 
quires three molecules of 
formaldehyde for each two 
of phenol. With less formal- 
dehyde, the structure cannot 
be completely cross-linked 


alcohols and ketones. At this stage 
the products may be referred to 
as “resol” or “one-step” resins. 
Finally, if sufficient formaldehyde 
is employed in the initial reaction 
and if all of the methylol groups 
originally formed are converted 
to methylene links, the rigid, in- 
soluble, infusible network of Fig. 1 
will be formed. 

Another condensation reaction 
that may occur is that by which a 
methylol group splits off as form- 
aldehyde and a methylene link is 
formed (Fig. 3, p. 229) in the va- 
cated position. 

Thus, the blocking of a reactive 
position with a methylol group 
does not prevent curing as would 
an alkyl group in the same posi- 
tion. If reactive positions are 
available, the newly split-off 
formaldehyde quickly forms a 
new methylol group. 

Still another type of condensa- 
tion is shown in Fig. 4, p. 230, 
where two methylol groups com- 
bine to produce a dibenzyl ether 
bridge. This reaction is favored by 
neutral or slightly acid conditions 
and is most likely to occur with 
the methylols of para substituted 
phenols. Upon further heating, 
particularly in the presence of 
phenols with available reactive 
positions, dibenzyl ether bridges 
are also converted to methylene 
links. 

Substituted phenol resins con- 
taining methylol and dibenzyl 
ether groups are useful for their 
ability to mix with drying oils to 
make fast-drying varnishes. 


Acid catalyzed reaction 

The reaction of formaldehyde 
with phenol in the presence of 
acid catalysts may form methylol 
phenols as intermediate products 
but, if formed, they are immedi- 
ately converted to methylene 
links so that the important over- 
all reaction is one of condensa- 
tion. Of necessity, such reactions 
are carried out with less than one 
mol of formaldehyde per mol of 
phenol. The products, called no- 
volaks, are friable, fusible, ther- 
moplastic, and soluble in alcohols 
and ketones. 


Two-step resins 


In order to cure, a novolak must 
be provided with an additional 
source of formaldehyde or meth- 
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ylene links. Hexamethylenetetra- 
mine, the reaction product of 
formaldehyde and ammonia, is 
commonly used for this purpose. 
A mixture of a novolak and hexa- 
methylenetetramine is called a 
“two-step” phenolic resin. In the 
curing process, the “hexa” de- 
composes to provide the necessary 
methylene links and ammonia is 
given off. The resultant thermoset 
material has essentially the same 
structure as shown in Fig. 1 on 
the facing page. 


Intermediate reaction 


Best evidence indicates that the 
intermediate reaction products of 
a novolak and “hexa” contain di- 
(and tri-) benzylamine groups as 
typified in Fig. 5, p. 231. While 
reactive phenol positions are 
available, the benzylamine bridges 
will decompose upon heating and 
form the usual methylene links. 

The use of ammonia or am- 
monium hydroxide as a catalyst 
for the phenol-formaldehyde re- 
action produces “one-step” type 
resins that may contain both 
methylol and di- or tri-benzyl- 
amine groups as reactive inter- 
mediate structures. These are 
readily converted to methylene 
links by the reaction already de- 
scribed above. 


Phenol reactivity 


The reactivity of the ortho and 
para positions of phenolic com- 
pounds toward formaldehyde is 
affected by the pH of the reaction 
media and by the presence of sub- 
stituent groupings on the phenol 
ring. For example, novolaks in 
which ortho-to-ortho methylene 
links predominate are obtained by 
carrying out the reaction at a pH 
of 4 to 5. These novolaks react 
faster with “hexa” than those 
made by ordinary acid catalysis. 
In a somewhat different manner, 
high pH becomes especially im- 
portant to base catalyzed reac- 
tions when the number of meth- 
ylols to be formed on a given 
phenolic compound approaches its 
total number of reactive positions. 

The effect of substituent group- 
ings is perhaps best exemplified 
by meta cresol, resorcinol, and 2, 6- 
dimethylol phenol, each of which 
is at least several times more re- 
active than phenol toward for- 
maldehyde. Resorcinol and para- 
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FIG. 2: Methylene link is formed by reaction of methylol phenols 


formaldehyde react without cata- 
lyst, the aldehyde being converted 
to the methylene-type linkage. 


Alkylation 


In the presence of Friedel- 
Crafts type catalysts, alkylation 
of a phenol at the ortho and para 
position takes place easily. The 
list of alkylating agents includes 
isobutylene, cyclopentadiene, dry- 
ing oils, and many terpenes. In 
general, alkylation softens and 
slows the cure of phenolic resins 
but at the same time it improves 
their compatibility with such ma- 
terials as drying oils and rubbers. 


Types of molding compounds 

Approximately 25% of the phe- 
nolic resin produced in the United 
States yearly is used in the man- 
ufacture of phenolic molding ma- 
terials. These low-cost thermoset- 
ting compounds are characterized 
by their dimensional stability, 
chemical and heat resistance, and 
general stability over a wide range 
of temperatures. 

Phenolic molding compounds 
are produced in granular, nodu- 
lar, or macerated form. These 
compounds are made by mixing 
phenolic resins with lubricants, 
fillers, dyes, and plasticizers. The 
granular form is prepared by 
processing the ingredients on 
heated rolls, cooling the resultant 
sheet, and grinding to the de- 
sired granulation. The nodular 
type is prepared by an extrusion 
process which yields short, rod- 
shaped particles. The macerated 
form is obtained by mixing phe- 
nolic resin and macerated cloth 
in a sigma blade or similar mixer. 

Phenolic compounds are usu- 
ally identified as general-purpose, 


impact-resistant, heat-resistant, 
electrical, and special-purpose 
types. They are generally molded 
by compression or transfer tech- 
niques at temperatures of 300 to 
375° F. and pressures of over 
2000 p.s.i. to produce molded parts 
of widely varied size and shape. 
Fully cured phenolic molding 
compounds are hard, rigid, dur- 
able, and relatively inert. Most 
grades are attacked by strong 
caustic solutions. Since sunlight 
causes phenolic materials to dis- 
color or darken, only dark colors 
are produced. Most phenolic prod- 
ucts are self-extinguishing. 

Phenolic compounds can be 
molded to close tolerances. Three- 
dimensional tolerance classifica- 
tions have been established and 
are listed in the “S.P.I. Engineer- 
ing Handbook.” 

General-purpose phenolics are 
the lowest priced compounds, 
both per pound and per unit vol- 
ume. Important properties of 
general-purpose phenolic mold- 
ing compounds are mechanical 
strength, dimensional stability in 
the presence of heat and mois- 
ture, corrosion resistance, surface 
smoothness and gloss, good: elec- 
tricals, and machineability. 

Impact phenolics are used 
where best performance is re- 
quired of high-strength parts. 

Electrical grade phenolics pro- 
vide lightweight, dimensionally 
stable parts with excellent insu- 
lating properties which are re- 
tained even after prolonged ex- 
posure to high humidity. 

Heat-resistant phenolics with- 
stand high operating temperatures 
without serious impairment of 
physical properties or appearance. 

Special-proper:y compounds 


OH OH OH 
HO-CH; H,OH HO-CH; H.- H,OH 
> + CH,O + H,O 


CH,OH 


CH,OH 


CH,OH 


FIG. 3: Reaction in which formaldehyde splits off, methylene link forms 
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FIG. 4: Condensation in which a dibenzyl ether bridge is formed 


are available for such applications 
as those requiring high resist- 
ance to chemical corrosion and 
moisture penetration. Phenolics 
with self-lubricating properties 
are also available. 

Phenolic resins are being uti- 
lized to some extent in molding 
materials of the “premix” type. 
Either liquid or powdered resins 
are used, along with a variety of 
filler materials, for some special 
applications. 

The many modifications that can 
be had in the final characteristics 
of phenolic resins made possible 
their adaptation for the pro- 
duction of a wide variety of prod- 
ucts in many industries. The 


group of resins generated by these 
adaptations is now generally re- 
ferred to as “industrial resins.” 
Industrial resins now serve as 
bonding, reinforcing, and adhe- 


sive agents in the production of 
brake linings, rubber compounds, 
thermal insulation, wood waste 
products, electrical component 
coatings, grinding wheels, pulp 
and paper, laminates, cements, 
plywood, binders for foundry 
sand, paints and varnishes, print- 
ing inks, and miscellaneous coat- 
ing applications. 

The industrial resins group is 
represented by one-stage and 
two-stage types in powdered, 
lump, liquid, or solution form. 
The physical characteristics of 
each type and each form can be 
controlled within very close limits 
to produce the required results. 
The powdered forms are generally 
used in the preparation of various 
types of dry mixes for subsequent 
processing. The lump forms are 
generally used for on-the-job 
preparation of various solutions. 
The liquid and solution forms are 
generally used for wet processing 
or impregnating. 


impregnating resins 

The term “impregnating resins” 
designates not only laminating 
resins but also liquid resins used 
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in numerous applications where 
they serve as an impregnant and/ 
or a bonding agent. Wood and 
paper for reinforcing or insulating 
purposes, as well as paper bobbins 
and spools on which yarn is 
wound for bleaching and dyeing, 
are often phenolic impregnated. 

The resins are employed to im- 
pregnate wood, thereby increas- 
ing strength, decreasing swelling 
due to moisture, and improving 
resistance to decay and weather- 
ing. The term “impreg” is used to 
designate wood that has been im- 
pregnated with a resin solution 
and then heat cured. The term 
“compreg” refers to impregnated 
wood cured under pressure to 
high density. 

Phenolic resins, either straight 
or modified, are used to produce 
impregnated paper core stock 
for melamine-surfaced decorative 
laminates. Phenolic-impregnated 
fabric or paper also serves as 
backing to which abrasive par- 
ticles are bonded. 

A typical high-pressure phe- 
nolic laminate is made as follows: 
A one-step resin, dissolved in al- 
cohol to make a varnish of suit- 
able viscosity to permit saturation 
of the cloth or paper filler, is used 
by the fabricator. Sheet material 
is led into a varnish bath and out 
through squeeze rolls or under 
doctor blades. The saturated sheet 
then passes through an oven 
which removes volatile matter 
and partially polymerizes the 
resin. 

The treated material is then cut 
to length and the sheets are 
stacked to the desired thickness 
for pressing between cauls in a 
hydraulic press with heated plat- 
ens. Temperatures in the neigh- 
borhood of 350° F. and pressures 
of from 1200 to 2000 p.s.i. are 
commonly used in high-pressure 
laminating. 

Fabric laminates are used 
widely for the production of tim- 
ing gear blanks, bearings for steel 
mill rolling equipment, and other 


applications where mechanical 
strength is required. 

Paper laminates are used for 
many electrical applications where 
excellent mechanical and insula- 
tion properties are the end-use 
requirements. 

In the manufacture of decora- 
tive laminates, an opaque sheet 
printed with the desired design 
and impregnated with a melamine 
or other resin is placed on top of 
the phenolic-treated sheets before 
pressure is applied. Any pattern 
or color may be reproduced. 


Friction materials 


Phenolic resins, generally in the 
powdered or liquid form, are used 
as the bonding constituent of fric- 
tion components or brake linings. 
Good strength and good stability 
at elevated temperatures make 
possible friction elements possess- 
ing all of the desirable proper- 
ties in terms of coefficient of 
friction, wear, fade and recovery, 
noise, and deceleration. Another 
important factor which makes 
their use in friction elements suc- 
cessful is the carbon bond that is 
formed when the phenolic resin 
binder decomposes at elevated 
temperatures. 

Brake linings may be produced 
by molding powdered phenolic 
resin mixed with asbestos fiber 
and other ingredients, or by ex- 
truding liquid resins or resin so- 
lutions to ribbons of the desired 
width and thickness, drying, and 
curing. 


Rubber resins 

Specially modified phenolic res- 
ins are used in rubber compound- 
ing because of their compatibility, 
evidenced in both the uncured 
and cured states. In the uncured 
state, the blends of rubbér and 
resin will make a_ uniform, 
smooth-rolling bank on a mill, and 
the sheet produced is translucent 
to clear. In combination with 
nitrile-type rubber, these resins 
will reinforce the rubber without 
fillers or vulcanizing agents. They 
are also used with GRS and natu- 
ral rubber. 

The use of resins in rubber 
compounds improves finish and 
increases hardness, tensile 
strength, and tear strength. The 
physical properties of com- 
pounded rubber stocks can be 
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varied considerably by changes in 
the resin-to-rubber ratio. For ex- 
ample, in shoe-sole production, 
the rubber-to-resin ratios can be 
varied to produce the required 
hardness with a general improve- 
ment in other characteristics. 

Phenolic resins are used in the 
production of film-type rubber 
adhesives for metal bonding, and 
in other liquid rubber cements for 
general use where they increase 
adhesive and cohesive strength. 
The proportions of rubber to resin 
will depend on the desired hard- 
ness and other physical properties 
required in the adhesive film. 
Strong bonds are obtained at 
room temperature which become 
stronger on aging; curing at ele- 
vated temperatures further im- 
proves the bonds. 


Insulation 
Phenolic water-soluble and 
powdered resins are used as 


bonding agents for the produc- 
tion of many types of thermal 
and acoustical insulation. Mineral 
wool, glass, or organic fibers are 
bonded with thermosetting phe- 
nolic resin to form insulating pads. 

Mineral-wool “batts” are used 
for thermal insulation in marine, 
home, and refrigeration applica- 
tions and in stove insulation 
where heat resistance is of prime 
importance. In producing batts, 
the molten rock, slag, or glass 
is blown into fine filaments with 
steam. At the same time, a low- 
solids water solution of resin is 
blown by steam into the blow 
chamber where the resin is de- 
posited on the filaments. A wire 
belt carries the material through 
a hot-air circulating oven where 
the batt is compressed, and the 
resin cures. Batts »r mats are also 
made by another process in which 
a powdered phenolic resin is de- 
posited on oriented inorganic or 
organic fibers. After the desired 
thickness is built up, the mat is 
densified and the binder is cured. 
Mats are used as insulation in au- 
tomobiles and other products, and 
as formed pads under automobile 
floor carpets. 


Wood particle molding 


Ground wood flour is dry mixed 
with phenolic resins and the mix- 
ture molded into such articles as 
toilet seats and croquet balls. 
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Generally, 60- to 80-mesh wood 
flour is used and the resin content 
is 15 to 25 percent. Pressure of 
500 to 2000 p.s.i. is applied in the 
mold with temperatures between 
300 and 375° F. 


Resins for structural board 


The two main processes pres- 
ently available for the production 
of wood particle board use 1) 
platen presses and 2) extrusion 
presses. 

In flat-platen manufacture, the 
mixture of resin and wood or 
other ligno-cellulosic particles is 
consolidated by pressure applied 
perpendicular to the surface of 
the board. Particle board is 
also manufactured in continuous 
presses that apply pressure in the 
same direction as do multi-platen 
presses. Flat-platen manufacture 
accounts for about six-sevenths of 
all particle board production in 
the United States. 

The remaining one-seventh of 
productive capacity utilizes the 
extrusion-press process, in which 
the particle-resin mixture is con- 
solidated by pressure applied par- 
allel to the plane of the sheet. The 
board is produced in a continuous 
sheet as the mixture is forced 
through a long die that is vir- 
tually two parallel platens with 
side stops. These platens are 
heated and the resin is cured as 
the particle board mass passes 
through the die. 


Electrical components 

Phenolic resins mixed with var- 
ious fillers are used in the manu- 
facture of coatings and many 
components for the electrical in- 
dustry. Resin compounds mixed 
with suitable solvents are used as 
coatings. Dipped parts are air- 
dried to eliminate the solvent, 
then baked at 300° F. to cure. 

In one specialized application, 
fixed resistance units are made 
with a resin binder, filler, and 
carbon (or other conductive ma- 
terial) to give a specified resist- 
ance rating. The units are made 
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by combining the ingredients into 
a wet mix which is dried and 
ground for preforming. The pow- 
der so made is hot molded or 
cold molded and baked. 


Abrasive products 

Phenolic resins are used as the 
bonding agent for the abrasive 
particles in grinding wheels, disks, 
belts, and other abrasive prod- 
ucts. The resin provides a tough, 
waterproof, heat-resisting bond 
between the particles or to the 
sheet or carrier. 


Beater addition resins 


Phenolic resins are used to pro- 
duce many pulp articles such as 
cafeteria trays, formed automo- 
tive body components, radio and 
television back enclosures, and 
luggage shells. The resin is added 
to the pulp in the beater and 
then run off as paper which can 
be used in the production of dec- 
orative laminated stock or as a 
heavy sheet or board which is 
later formed in a die to the de- 
sired contours and cured. These 
forms, as a result of the resin ad- 
dition and consolidation under 
pressure, have good strength and 
rigidity, and have the ability to 
hold their shape indefinitely. 

Cafeteria trays are made with 
a relatively high resin content. 
The pulp-resin combination is 
formed on screens into blanks of 
the desired shape, dried, and 
molded at relatively high pres- 
sures into the end-product. 


Plywood 


A very large percentage of all 
exterior plywood is now being 
bonded with phenolic glues. Many 
different types of phenolic glues 
have been made available to 
the plywood industry such as ex- 
tended glues, film glue (very thin 
paper impregnated with resin), 
and liquid resin glues, the last of 
which are generally liquid resins 
in alkaline water solutions. These 
glues are applied to the veneers, 
which are then stacked and hot 
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FIG. 5: Formation of a dibenzylamine bridge 








pressed at temperatures of 275 to 
325° F. and at pressures ranging 
from 200 to 500 p.s.i. The glue 
lines produced are waterproof, 
vermin-proof, and satisfactory for 
all exterior applications. 


Foundry resins 


The first use of phenolic resins 
in the foundry industry was as a 
core binder in place of core oils. 
The amount used in this applica- 
tion reached substantial volume, 
but is now declining as shell cores 
and molds have come into favor. 

The use of thermosetting phe- 
nolic resins for shell cores and 
molds is growing annually. The 
resins are used as bonding agents 
for sand to produce shell molds, 
to determine the shape of the ex- 
terior part of the metal casting, 
or shell cores for the interior. 
These molds are light in weight, 
thin walled, and highly perme- 
able to escaping gases. Shell cores 
or molds produce metal castings 
to close tolerances and with a 
smooth finish, requiring a mini- 
mum of machining or cleaning. 

Molds and cores are produced 
in a rapid cycle and require no 
further processing. Metal is 
poured at temperatures varying 
from approximately 1250° F. for 
aluminum to 3100° F. for steel al- 
loys. The mold or core retains its 
strength long enough for the 
metal to solidify. 

Both powdered resins and resin 
solutions are being used. In some 
cases, dry mixes are made, but 
the need to eliminate segregation 
has resulted in a general trend 
toward coated sand. For this pur- 
pose, either a cold- or a hot-coat- 
ing system is used. In the cold- 
coating method, the sand is coated 
with a resin solution, and dried. 
The hot-coating method utilizes a 
brittle novolak which is melted by 
heated sand to coat the individual 
particles. 

The most rapid growth in the 
use of resins in the foundry in- 
dustry is for shell cores, which 
may be used either with conven- 
tional green sand molds or with 
shell molds. 

Phenolic resins are also finding 
use as a binder in a process which 
combines the advantages of the 
principles of shell cores with 
those of conventional core-mak- 
ing processes. In this process, a 







wet sand-resin mix is blown into 
a hot core box, from which a 
finished solid core is ejected. 
The use of phenolic in the 
foundry, particularly in shell 
molds, reduces over-all cost per 
casting, increases productivity, 
and improves working conditions. 


Resorcinol-formaldehyde 


Resorcinol has a higher rate of 
reactivity than phenol under 
some conditions. This is due to 
the fact that there are two acti- 
vating OH groups, as opposed to 
the one activating group in phe- 
nol. The order of reactivity of re- 
sorcinol with formaldehyde is 
such that no catalysts are neces- 
sary to induce reaction, which will 
take place under acid or alkaline 
conditions. By reacting one mol of 
resorcinol with substantially less 
than one mol of formaldehyde, 
resins are obtained which are per- 
manently fusible and soluble in 
water, ketones, alcohols, esters, 
and similar organic solvents. 
These resins can be repeatedly 
heated with no substantial change 
in properties. By dissolving in a 
solvent, usually water and alco- 
hol, and adjusting the pH of the 
solution to approximately 7, an 
adhesive base is formed which 
can be set in the presence of a 
hardening agent, generally forma- 
lin or paraformaldehyde. In a 
similar manner, copolymer phe- 
nol-resorcinol-formaldehyde ad- 
hesives can be prepared that set 
at a pH of about 8 and show about 
the same reactivity as the resorci- 
nol adhesives. 

Resorcinol resin adhesives can 
be used quite generally where 
pnenolics are used. The low-tem- 
perature cure is particularly help- 
ful in the fabrication of heavy 
structures with thick sections 
where slow heat transfer retards 
the cure of normal phenolics, or 
in gluing odd-shaped pieces that 
cannot be handled well between 
the flat platens of a hot press. 
Because of their high affinity for 
wood, the most important use of 
these resin adhesives has been in 
wood gluing, particularly for ma- 
rine plywoods. 


Phenol-furfural 


Phenol-furfural resins are ca- 
pable of complete cure, forming 
products of high strength and ex- 








ceptional chemical resistance. 
Among other notable characteris- 
tics of phenol-furfural resins are 
extended flow at low molding 
temperatures and rapid cure at 
between 375 and 400° F. 
Furfural resins as currently 
used contribute special and use- 
ful flow properties to the phe- 
nolic resins of commerce. They 
are primarily used in reaction 
with phenol to prepare lump res- 
ins which in turn are ground and 
blended with fast-curing phenol- 
formaldehyde powdered resins in 
suitable ratios. Another method is 
to react mixtures of furfural and 
formaldehyde with phenol. Re- 
gardless of how made, the blends 
are either compounded with fill- 
ers in the case of molding com- 
pounds, or become resins of com- 
merce as bonding or adhesive 
agents or in varnishes, etc. 
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MacGregor Football Helmet 


Toughness Countless consumer products, 
including home appliances and sports equipment, can thank 
the superior tensile strength and impact-resisiance (even 
down to —40°F) of CYCOLAC brand resins for their rugged 


durability so vital to reliable service. 







*CYCOLAC /s the registered trademark of Borg-Warner 
for its family of ABS thermoplastic resins 
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is the only plastic that 
excellence in all 


CYCOLAC brand polymers is a unique family of 
ABS (acrylonitrile-butadiene-styrene) thermoplastic 
resins produced by the Marbon Chemical Division of 
Borg-Warner. Available in eleven major formulations, 
CYCOLAC brand plastic is especially well suited for 
a wide range of consumer and industrial applications. 
It can be readily injection molded, extruded or 





Coll Director by Western Electric 


Hardness CYCOLAC brand polymers offer 
unusual hardness coupled with a satiny finish that retains its 
smooth, attractive appearance indefinitely, even under con- 
stant handling and use. Its ability to resist staining and 
withstand marring and scuffing makes it ideal for office 
machines and telephones. 

















BRAND 


offers consistent 


three vital requirements! 


vacuum formed into a super-rigid shell or a semi- 
flexible material —the range is almost infinite. In fact, 
the unique balance of mechanical, electrical and chem- 
ical properties offered by this truly versatile material 
can meet almost every manufacturer’s design and 


engineering specifications! 
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Remington Standard Typewriter 
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Rigidity Highly resistant to flexure strain, 
CYCOLAC brand plastic maintains its original shape under 
extreme load, even at high temperatures. Since it is also 
chemically resistant, it is ideally suited for such products as 


aulomobile dash panels, typewriter housings and luggage. 



























CYCOLAC spranp POLYMERS 
ALSO OFFER THESE SEVEN 
OTHER PRODUCT-IMPROVING 
ADVANTAGES: 


GOOD ELECTRICAL PROPERTIES 


The low water absorption rate of CYCOLAC brand 
ABS plastic plus its uniform dielectric constant and 
power factor are basic properties needed in many 
electrical applications. 


RESISTANCE TO CHEMICALS 

CYCOLAC brand plastic is highly corrosion-resis- 
tant and offers protection against alkalies, salt solu- 
tions, oils and mild acids —significant advantages in 
such industrial applications as ABS pipe, fittings, 
ducting and vent systems. 


LIGHTWEIGHT 


CYCOLAC brand ABS resins are the lightest of all 
the truly rigid thermoplastics, with a Specific Grav- 
ity as low as 1.02. This weight advantage can be 
transferred into more material per dollar spent by 
the manufacturer, as wellasmany consumer benefits. 


WIDE COLOR RANGE 


CYCOLAC brand plastic is available in literally 
hundreds of bright, sparkling colors, tints and shades. 
This wide color range, combined with its superior 
resistance to household stains (it defies fruit acids, 
even lipstick) adds lasting value to any end-use 
product. 


DIMENSIONAL STABILITY 


CYCOLAC brand polymers offer excellent dimen- 
sional stability, even under extreme temperature 
conditions. This serviceability in severe heat or sub- 
zero cold plus a low water absorption rate makes 
CYCOLAC brand plastic ideal for such products as 
precision gears and housings. 


HIGH GLOSS FINISH 


CYCOLAC brand ABS polymers mold to a luxuri- 
ous satiny finish that protects as it decorates. The 
smooth, hard surface resists scratching and marring 
and retains its natural sheen for the life of the 
application. 


EASE OF FINISHING 

Products made of CYCOLAC brand polymers can 
be calendered into a grained, leather-like finish; take 
lacquering, enameling or printing; are readily 
vacuum metallized; and can be easily laminated or 
solvent bonded. 


Instrument Clusters 


Refrigerator Door Liners 


Transistor Radios 


Ride-On Mower Cars 


Pipe & Fittings 


Air Conditioners Arm Rests 


Transistor Radios Dictating Machines 


Portable Typewriters Postal Sorting Trays Photo Copy Machines 


APPLICATIONS 


EVERY LEADING INDUSTRY IS NOW 


OF THE DESIGN, ENGINEERING, 
PERFORMANCE IMPROVEMENTS 


Lown Sprinklers Rotary Lawn Mowers Spincasting Reels 


Shoe Heels Toboggan Sleds Food Carriers 
si Sots 










































In production and in application, CYCOLAC 
brand ABS polymers are proving their merits in a 
rapidly growing list of consumer and industrial 
Blenders Floor Washer Attachments products. From telephones to refrigerator car 
liners, lawn mowers to radar antennas, this re- 
markable family of Borg-Warner materials is help- 
ing molder and manufacturer alike to produce 
products that look better, sell easier and last 
longer. CYCOLAC brand plastic is not just an- 
other plastic . . . it is an engineering material that 
should be considered for metal as well as plastic 
applications. Easy to mold or fabricate, its unique 
Wall Telephones Two-Way Radios balance of properties gives the designer new crea- 
tive freedom; productionwise, it opens the door to 
manufacturing economies never before possible 
with other materials. Small wonder, then, that 
leading manufacturers all across the industrial 
spectrum are discovering that only CYCOLAC 
brand plastic combines so many properties... . 
offers so many opportunities . . . does so many 
things so well! 














Choir Arm Rest & Kick Plate Adding Machines 
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POLYMERS 
V Easy to mold 


Little League Helmets Football Pads 


V Easy to extrude 


V Easy to vacuum form 


Air Conditioning « Automotive « Communications « Domestic 





and Commercial Refrigeration « Electrical « Footwear « 





Seeretey Vesller Gleave mitigwotee Gar Unave Hardware & Housewares « Home Appliances «+ Industrial 
i Pipe & Fittings « Lawn & Garden Equipment « Luggage « 
Military « Office Equipment & Furniture « Power Mowers 
e Photo & Safety Equipment « Sporting Goods «+ Toys « 
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GRADE AND CHARACTERISTICS 


PROPERTIES 
Tensile Strength?, psi 160°F 
73°F 


—40°F 
Tensile Modulus,? psi 73°F 
Flexural Strength', 160°F, 73°F, —40°F 
Flexural Yield Strength', psi 160°F 


Yy"x1"x4" bar 73°F 

— 40°F 
Flexural Modulus', psi 160°F 
Ya"x1"x4" bar 73°F 
— 40°F 


Rockwell Hardness’ 


Specific Gravity’ 
Wear Index, Taber 
Volume Loss Method 
CS-17 wheel, 1000g weight 
73°F, 50% R.H. 
Water Absorption?, % increase 24 hours, 73°F 


1zod Impact Strength 
ft. Ib./inch notch 
Unnotched 73°F 
Notched 73°F 


20°F 
40°F 
Charpy Impact Strength! 
ft. Ib. inch notch 
Unnotched 73°F 
Notched 73°F 
20°F 
40°F 
Deflection Temperature’, °F, 264 psi 
Yo"xy"x5” bar 66 psi 


(unannealed) zero load 
Deflection Temperature’, °F, 264 psi 

Yo"xy"x5" bar 66 psi 

(annealed) zero load 
Coefficient of Linear Thermal Expansion’, in/in/°C 
Thermal Conductivity’ 

Btu ‘hr. ft.2, °F in. 

Cal ‘sec. cm? °C ‘cm 


Flammability', in ‘min 4%” thick bar 


Deformation under load', % 
24 hr. 122°F 2000 psi 

Mold Shrinkage?, % 

Dielectric Constant! 


60 cycles 
107 cycles 
10¢ cycles 
60 cycles 
Power Factor’ . 10% cycles 
10¢ cycles 


Volume Resistivity’, ohm-cm 
Arc Resistance’, Sec 


General Chemical Properties 


The results given are based upon tests which we believe to be 
reliable. Due to variance of materials, conditions, and methods of 
processing, we cannot guarantee results to be obtained. Nothing 
contained in this brochure is intended as a recommendation to 


use our products so as to infringe on any patents. 


TYPICAL PROPERTIES OF 


TEST METHOD 
ASTM 


D638-60T 


D638-60T 
D790-59T 
D790-59T 


D790-59T 


D785-60T 


D570-59T 


D256-56 
Method A 


D256-56 
Method 8 


D648-56 


D696-44 
C177-45 
D635-56T 
D621-59 
D955-51 
D150-59T 


D150-59T 


D257-58 
D495-58T 


D543-56T 


2Injection Moided 
*Shore D 





‘Compression Molded 





MAXIMUM 
TOUGHNESS 


2,900 
5,100 
7,800 
220,000 
No failure 
4 400 
7,500 
11,800 
190,000 
240,000 
260,000 
R87 


1.02 
22.7 


>40. 
4. 
2. 
2. 
196 


208 
220 
220 
225 
231 
10.4x10°5 


1.46 
5.05x10°4 


1-1.5 


1.38 
0.5 


2.87 
2.86 
2.76 

.005 

.006 

.009 

> 3.80x10"¢ 
71 


INJECTION 
MOLDING 


SHEET 
EXTRUSION 





L 
MAXIMUM 
TOUGHNESS 
AT LOW 
TEMPERATURE 


2,900 
5,100 
7,800 
220,000 
No failure 

4,600 
7,800 
11,800 
190,000 
240,000 


’ 


R86 
1.02 


208 
223 


224 
230 
241 


10.1x10 5 


1.46 
5.05x10°4 


1-1.5 


1.35 
0.5 


2.86 
2.85 
2.77 


.005 

.006 

.008 
>3.92x10"* 

71 


SHEET 
EXTRUSION 





T 
TOUGHNESS 
WITH 
MAXIMUM 
FLOW 


3,800 
6,400 
9,400 
300,000 
No failure 
5,900 
10,000 
15,000 
240,000 
310,000 
360,000 
R101 
M10 
1.04 


18.8 


0.81 
0.5 


2.91 
2.91 
2.44 
.005 
.006 
.008 
>3.96x10'¢ 
82 


INJECTION 
MOLDING 
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POLYMERS 

















Gs X7 SF 
MAXIMUM SEMI-FLEXIBLE 
TOUGHNESS EXTRUDED 
HIGH MODULUS HIGH HEAT PROFILE 
3,500 4,700 2,900 2,900 4,600 
6,500 7,100 2,400! 5,100 5,100 7,800 
10,000 10,400 7,800 7,800 11,500 
290,000 330,000 210,000 230,000 350,000 
No failure No failure No failure No failure No failure No failure 
5,900 6,800 1,900 5,100 5,100 6,900 
9,400 10,700 4,100 8,000 8,000 10,800 
13,100 16,300 7,100 11,800 11,800 18,500 
210,000 270,000 60,000 190,000 190,000 310,000 
290,000 340,000 120,000 240,000 240,000 370,000 
330,000 380,000 150,000 , 260,000 420,000 
R100 R105 63* R88 R86 R108 
M29 M35 
1.04 1.05 0.99 1.04 1.04 1.06 
19.2 19.0 25.5 25.5 22.8 
0.2-0.3 0.2-0.3 0.2-0.3 0.2-0.3 0.2-0.3 
4" bar? Yy” bar? Y” bar' Yy" bar' Yy" bar' Ye" bar? 
24.0 >40.0 >40.0 29.0 
5-8 3-5 2.2 7.0 7.5-9.5 4-5 
2.3-2.6 1.6 3.0 45 0.9 
2.1-2.3 1.0 2.0 2.5 0.7 
4” bar’ yy" bar' Y" bar' Y," bar' Y%”" bar' Y%" bar' 
40.0 40.0 >40.0 >40.0 >40.0 >40.0 
5-8 2.5 2.0 6.1 75 3.4 
2.5-3.0 2.0 3.0 40 1.3 
2.3-2.5 1.3 2.7 3.2 1.0 
192 208 144 196 196 215 
208 225 208 208 227 
222 234 223 223 238 
211 229 224 224 232 
221 235 230 230 236 
226 241 241 241 244 
9.35x10 5 10.1x10-5 7.8x10°5 
1.55 1.35 1.80 
5.45x10 4 4.64x10~4 6.20x10"4 
1-1.5 1-1.5 1-1.5 1-1.5 1-1.5 
GSE 0.98 
GSM 1.18 
GSS 1.46 1.60 0.41 
0.5 0.3 0.5 0.5 
2.84 3.20 3.24 
2.81 3.12 3.21 
2.76 2.90 3.11 
007 .005 .005 
007 .007 .006 
010 014 012 
>4.10x10'6 >3.54x10"6 >3.57x10"6 
E 77 50 87 
M and § 47 
Marbon resins are almost completely resistant to aqueous acids, alkalies and salts. Concentrated sul- 
uric and nitric acids produce disintegration but concentrated phosphoric and hydrochloric acids have 
ittle effect. Low KB solvents, alcohols, and animal, vegetable and mineral oils produce insignificant 
er acetic acid, carbon tetrachloride, aromatic hydrocarbons and high KB scivents cause marked 
Swelling. Esters, ketones, and ethylene dichloride are solvents. 
»§ EXTRUSION 
GSS -SHAPE” MOLDING EXTRUSION EXTRUSION 


EXTRUSION 
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POLYMERS 


Performance-proved in the products of today, 

’ CYCOLAC brand plastic is ready to meet the 

offers new materials challenge of tomorrow. Because it can be fabri- 
cated by a variety of techniques and because it 

fe or the creative offers such a wide range of properties, this versatile 


Borg-Warner material is already helping new 


eng imeering of products on the drawing board become feasible 
t omorro w’ 8 p YO d Uc ts production items. Its true potential is limited only 


by the imagination of industry’s designers and 


TO D A Y! engineers. Think of the thousand and one ways, 
piu ° CYCOLAC brand polymers can go to work for 





you, today! 


MARBON 


MARBON CHEMICAL BW civision BORG-WARNER 


WASHINGTON WEST VIRGINIA 
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Fai generic term “polycar- 
bonate” covers a whole family of 
resins derived from aromatic di- 
hydroxy compounds and carbonic 
acid. The first of these high melt- 
ing thermoplastics to become com- 
mercial, derived from carbonic 
acid and bisphenol A (4,4 di- 
hydroxy diphenyl propane) by 
Farbenfabriken Bayer AG, in 
Germany, came into production in 
January 1959. First commercial 
producers of polycarbonate in the 
United States were Mobay Chem- 
ical Co. (Merlon) and General 
Electric Co. (Lexan). 


Chemistry and structure 


The structural formula for the 
initially important polycarbonate 
is shown below. 


CH; 
0-C 
H}] -O Cc— 
O 
| EY CH, a" Le 


Stripped of some of its compli- 
cations, the reaction for forming 
this polycarbonate is: 


Phosgene + bisphenol A ——> poly- 
mer + HCl 


The resulting polymer can be 
considered an ester of carbonic 
acid and bisphenol A (BPA). 
Many esters of carbonic acid and 
other dihydroxy compounds have 
been prepared. Eventually, there 
will undoubtedly be additional 
commercial plastics in this family. 


Properties 


Physical: Polycarbonate resins 
derived from bisphenol A exhibit 
an unusual combination of good 
physical properties. The increas- 
ing market acceptance of this new 
thermopiastic is due to excep- 
tional dimensional stability, high 

npact strength, good electrical 
properties over a wide tempera- 
ture range, transparency, high 

it-resistance, and inherent self- 
ext nguishing characteristics. Fur- 
advantages are good creep re- 

= Be + paehey Chemical Co., New 
hnical Service, Mobay Chemical Co., 


rgh, Pa. 
ences were prepared by the editors. 


-ARBONATE 


Polycarbonate 


sistance, stain resistance, low 
water absorption, and good ab- 
rasion resistance. 

Although the polycarbonate 
molecule is quite rigid, articles 
produced from this resin will 
withstand very high impacts. Izod 
impact strength values will vary 
depending upon molded sample 
thickness: e.g., a 4%-in.-thick bar 
will give 14 to 18 ft.-Ib./in. of notch 
whereas %- to %%-in.-thick bars 
will measure 2 to 3 ft.-lb./in. of 
notch at test conditions specified 
in ASTM D-256 (0.01-in. notch 
radius). This difference in Izod 
values versus test bar thickness is 
difficult to correlate with end use, 
since molded items, regardless of 
thickness, exhibit exceptional me- 
chanical strength. Of interest in 
the study of Izod impact strength 
of polycarbonate is the effect of 
notch radius on this value (see 
Fig. 1, below). 











By A. S. MORECROFT* and P. W. MITCHELLT 


Toughness is demonstrated by 
the fact that a properly molded 
polycarbonate part can be 
pounded until cold flow occurs but 
it will not shatter. A steel punch 
driven into a polycarbonate block 
is held tenaciously. Bowl-shaped 
parts have withstood falling body 
tests at higher than 100 ft.-Ib. In 
addition to exceptional room tem- 
perature strength, the low tem- 
perature strength is outstanding 
with the brittle point below —100° 
C. The exceptional dimensional 
stability is due, in part, to low 
water absorption. At equilibrium 
in 50% relative humidity at room 
temperature, no change in dimen- 
sion can be measured. On immer- 
sion in boiling water, the increase 
in length is 0.001 in. per inch. With 
the standard ASTM test for de- 
formation under load, polycar- 
bonate shows the lowest change 
(0.1%) of any thermoplastic for 














t | | HIGH IMPACT STRENGTH and uni- 
e| |  formity in stiffness over a wide tem- 
S| perature range are some of the 
5 | | outstanding physical properties which 
3| | contribute to the usefulness of poly- 
S | | carbonate in a wide range of applica- 
E | tions. FIG. 1 (left), shows the effect 
3 of increasing radius on Izod impact 
™ | strength. FIG. 2 (below), shows tor- 
| sional modulus versus temperature 
Notch radius increasing —» 
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which data concerning properties 
have been published. 

Thermal; The crystalline melt- 
ing point of polycarbonate resin is 
505° F. However, its melting point 
is gradual and it begins to melt in 
the range of 420 to 440° F. The 
heat distortion point is essentially 
the same (280° F.), at both 264 
and 66 p.s.i. loading. This is con- 
trary to many other thermoplas- 
tics which exhibit lower distor- 
tion temperatures at the higher 
loading. In many applications, the 
ability to withstand loading at a 
higher temperature is a useful ad- 
vantage. The principal glass tran- 
sition point (300° F. by refrac- 
tometry) is uniquely high among 
thermoplastic materials. Further- 
more, there are minor transition 
points at low temperatures which 
may explain the lack of brittle- 
ness at low temperatures. 

The most important practical 
significance of the good thermal 
properties of polycarbonate is the 
unusually wide temperature range 
in which the physical properties 
remain essentially uniform. The 
torsional modulus curve in Fig. 2, 
p. 241, shows the uniformity in 
stiffness over a wide temperature 
range. 

Electrical: Polycarbonate shows 
outstanding usefulness as a di- 
electric because of the wide tem- 
perature range in which the elec- 
trical values remain unchanged. 
Of particular note is the low dis- 
sipation factor of 0.0007 at 60 
cycles and room temperature. 

Flammability: Polycarbonate is 
inherently self-extinguishing as 
determined by ASTM D-635. 
Since no flameproofing agents are 
added, the absence of toxic gases 
from such agents increases the 
significance of this property. 


Processing 

Polycarbonate is readily proc- 
essed by any of the common tech- 
niques for thermoplastics. The 
only precaution required for melt 
processing is to insure dryness. 
This is easily accomplished by 
heating the sealed container to 
about 220 to 250° F. before open- 
ing. Polycarbonate 


from previ- 


ously (and 
immediately re- 
molded) should be spread in 
trays and dried. Holding the ma- 
terial at over 212° F. will insure 


opened containers 


reground not 


242 








TABLE |: Typical injection 
molding conditions 





Cylinder temp., °F. 575 
Mold temp., °F. 200 
Nozzle temp., °F. 550 

Injection pressure, 
p.s.i. 18,000 
Cushion % in 
or less 

Cycle: 

Ram forward, sec. 2 to 8 
Ram hold, sec. 2 to 15 
Die close, sec. 2 to 10 





sufficient dryness even on humid 
days. More rapid drying can be 
accomplished with dehumidifying 
equipment. A foamy melt from an 
extruder or injection molding ma- 
chine is usually indicative of ex- 
cess moisture in the resin. 
Injection molding: Mold shrink- 
age of polycarbonate molding ma- 
terial is about 0.007-in. per inch. 
Molds designed for polystyrene, 
acrylics, etc., will usually be sat- 
isfactorily sized. Molds designed 
for materials with higher shrink- 
age will be slightly oversize. 
Machines with adequate heating 





capacity should be used. While the 
material is stable at elevated tem- 
peratures for extended periods 
(Fig. 3, right), some discolora- 
tion may be noted at higher tem- 
peratures. It is desirable to fill 
the mold with uniformly heated 
material in order to reduce mold- 
ing strains. Molding pressures of 
12,000 to 20,000 ps.i. are most 
common. Some additional flow can 
be gained with higher pressures 
but usually another 15° F. of cyl- 
inder temperature will be as ef- 
fective in filling as several thou- 
sand pounds increase in pressure. 
Too much pressure will aggravate 
mold sticking and introduce un- 
necessary stresses. Heated nozzles 
are preferred to control stringing 
or freeze-up in the orifice. 

Good mold design principles, 
such as adequate sprue and run- 
ner diameter, short runners, short 
gate lands, adequate cold slug 
wells and vents, etc., should be 
followed. The general principle is 
to fill the mold in the shortest 
possible period to get the most 
strain-free parts. Generally, the 
mold temperature will be found 
best in the range of 180 to 200° F. 





TABLE II: Equivalent* molding changes for 25% increase in flow 





Mold temp. increase, °F. 
Injection pressure increase, p.s.i. 
Overall cycle time increase, sec. 
Cylinder temp. increase, °F. 





100 to 225 
14,000 to 21,000 
45 to 75 

550 to 565 


*Change shown in each variable, others constant, increased flow in a spiral mold from 12 to 15 inches 








TABLE Ill: Typical extrusion conditions for polycarbonate 





Extruder characteristics 
L/D ratio 
Screw type 


Compression ratio 
Screen pack mesh 
Normal output, Ib./hr., 20:1 L/D 


Power requirements, hp. for 150 lb./hr. 


Operating conditions 
Hopper temp., °F. 
Feed throat temp., °F. 
Cylinder temps., °F. 
Rear 
Middle 
Front 
Die temp., °F. 
Head pressure, p.s.i. 
Draw ratio 





*Depends upon head pressure desired. 


16:1 to 20:1 

Single-flight, constant pitch, 

variable depth, without torpedo 

2:1 to 4:1 

20 or 40/20* 

14%4-in —40; 214-in.—150; 
344-in.—350 

15 


250 
280 


470 to 520 

490 to 540 

490 to 560 

490 to 600 

100 to 10,000” 

Variable, 1:1 to infinity 


>bExamples: 90 mil sheet, 700 to 1500 p.s.i.; special shape, 2000 p.s.i. 
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FIG, 3: Melt viscosity versus time and temperature. Polycarbonate is 
stable at elevated temperatures for extended periods 


Too high a mold temperature, 
usually over 250° F., can cause 
sticking. Typical molding condi- 
tions appear in Table I, p. 242. 

To illustrate the effect of 4 
major machine variables on flow in 
mold, data from a spiral test mold 
are shown in Table II, p. 242. In- 
creasing each variable, others 
constant, increased flow by 25%. 

Extrusion: The high melt vis- 
cosity of polycarbonate makes it 
a very desirable extrusion mate- 
rial. A metering-type screw with 
constant pitch and varying root 
diameter such as is commonly 
used for polyethylene, works well. 
Compression ratios of 2:1 to 4:1 
are satisfactory. The higher com- 
pression ratios give slightly higher 
outputs and higher stock temper- 
atures. Typical extrusion condi- 
tions are shown in Table III, 
p. 242. 

Extruded shapes, pipe, film, and 
sheet present no unusual problems 
except those due to the fact that 
the material reaches a point at 
which it cannot be formed with- 
out introducing strains at a higher 
temperature than most thermo- 
plastics. Rolls, forming dies, etc., 
should normally be placed as close 
as possible to the extrusion die. 
Other processing methods: 
ermoforming is readily accom- 
plished taking precaution only 
that sheets must be dried before 
ting in the forming machine. 

the sheets are dried they 
must be placed in the heating 

without allowing them to 
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cool to room temperature if in- 
ternal bubbles are to be avoided. 

Blow molded containers with 
wall thicknesses varying from 
0.005 to 0.100-in. and from frac- 
tions of an ounce to over 5 gal. in 
capacity are being produced. 

Polycarbonate is readily ma- 
chined. Cutting tools should have 
clearances similar to those used 
for brass. Sharp tools and high 
speeds with a light cut will give 
the best finish, although slow 
speeds and heavy cuts (as on a 
shaper) can be used. 

Polycarbonate can be solvent- 
welded, spin-welded, and hot 
gas-welded. A cement made 
from polycarbonate and methyl- 
ene chloride gives a strong bond. 
Epoxy and polyurethane adhe- 
sives also work well. Film can be 
sealed with resistance or dielec- 
tric sealers. Of course, higher than 
usual temperatures and pressures 
are required. 

Post-decoration with paint and 
lacquers presents no particular 
problems. If the part to be deco- 
rated is highly stressed (from 
cold-forming or molding in too 
cold a mold), some solvent craz- 
ing can occur with certain sol- 
vents. Vacuum metallizing is 
easily done. 


Applications 


Over 300 polycarbonate applica- 
tions are already either commer- 
cial or in the developmental stage. 
In many of these, the material is 
used in new designs which would 


not have been possible with other 
available plastics. Reduced fabri- 
cation costs have given polycar- 
bonate the preference over metals 
in several applications. 

Probably the largest utilization 
of polycarbonate today is in the 
electrical and electronics indus- 
tries. Although the electrical 
properties are good, the other su- 
perior properties displayed by 
polycarbonate are the keys to its 
use in this industry. For example, 
in data processing machines, the 
self-extinguishing characteristics, 
dimensional stability, toughness, 
and heat resistance make polycar- 
bonate the most suitable resin for 
many components such as printed 
circuit card guides, several types 
of relay bases, connectors, cover 
plates, light cell reflector bases, 
and others. Its toughness, trans- 
parency, and higher heat resist- 
ance are reasons for its use in 
signal light lenses, dials, tuner 
spacers, telephone line connectors, 
and other electrical parts. 

Typical of other applications 
are water pump impellers and dif- 
fusers where polycarbonate has 
replaced metals because of its su- 
perior abrasion resistance to sand. 
Animal breeding cages are now 
fabricated from this resin because 
of transparency, heat resistance, 
and toughness. In air separator 
bowls and cryogenic tubes, poly- 
carbonate has permitted higher 
use pressures and better safety 
due to superior toughness. 

In the form of photographic 
film, polycarbonate is used in the 
graphic arts industry because of 
its superior dimensional stability. 
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Polyester resins 


Pai yesters are basically defined 
as the polycondensation products 
of dicarboxylic acids with dihy- 
dric alcohols. In the broad sense, 
however, the field of “polyester 
resins” includes many different 
types of resinous condensation 
products and collectively repre- 
sents one of the fastest growing 
areas in the plastics industry. 
Sales were estimated to be in the 
area of 145 million Ib. in 1960, and 
estimations are for a record of 
250 million Ib. by 1965. 

The forms in which polyester 
resins are available and the uses 
to which they can be put are 
many and varied. Depending on 
the choice of raw materials or 
how the resin is manufactured, 
polyesters can be formulated to 
meet any one of a wide range of 
special needs, 


The unsaturated polyester res- 
ins are one of the most important 
groups in the family. They are 
created by reacting a dihydric al- 
cohol and a dibasic acid, either or 
both of which contain a double- 
bonded pair of carbon atoms. The 
alcohol and the acid are heated to 
sufficiently high temperatures to 
react, split out water, and form 
ester linkages. The double bonds 
in the unsaturated polyester resin 
thus formed render the material 
capable of subsequent cross- 
linking. This is generally ac- 
complished by reacting the unsat- 
urated polyester resin with a 
polymerizable monomer (e.g., sty- 
rene) under the influence of a 
special catalyst system (e.g., per- 
oxide). In the reaction, the double 
bonds of the unsaturated poly- 
ester resin connect with those of 
the monomer (described as co- 
polymerization or cross-linking) 
to form a thermoset which, when 
fully cured, is insoluble and in- 
fusible. 

The versatile unsaturated poly- 
ester resins go into a number of 
end uses. Reinforced with glass, 
asbestos, synthetic, cellulosic, si- 
sal, or other fibers, they can be 

This article is based on copy submitted by 
W. O. Erickson, V. W. Ginsler, and H. A 
Hoppens, Plastics and Coal Chemicals Div., 
Allied Chemical Corp.: H. J. West, Plastics 
and Resins Div., American Cyanamid Co., 
New York 20, N. Y.; and John R _ Lawrence, 


The Glidden Co., Cleveland 14, Ohio 
eferences were prepared by the editors. 
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fabricated into so-called “rein- 
forced plastics” end products by 
hand lay-up, vacuum or pressure 
bag molding, matched metal 
molding, filament winding, and 
centrifugal molding. Mixed with 
the reinforcing fiber, filler, and a 
catalyst in a blender or dough 
mixer, the resins can also be for- 
mulated into putty-like or pow- 
dery premixes that can be molded 
in conventional compression or 
transfer presses. Closely related 
to the polyester premixes are 
those materials classified as alkyd 
molding compounds. These mold- 
ing compounds, however, contain 
no highly volatile monomer and 
with reasonable precautions can 
usually be transported, stored, 
and handled like conventional 
thermosets. (For full discussion, 
see p. 151.) Pre-polymerized 
diallyl phthalate with a variety of 
fillers is used as a commercial 
molding compound (see p. 153). 
Mixes of polyester resin with 
DAP monomer are sold as premix 
materials. The unsaturated poly- 
ester resins can also be cast into 
buttons, rods, tubes, dies, and 
other end products and, more re- 
cently, have been made available 
as a foam material that can be 
blown (using an outside blowing 
agent) in much the same manner 
as latex or vinyl foam is now han- 
dled. Unlike urethane, the foamed 
unsaturated polyester is poured, 
not foamed-in-place. 

The second major group in the 
polyester family are the saturated 
polyester resins. When a satu- 
rated dihydric alcohol (i.e., con- 
taining no double bonds) is re- 
acted with a saturated dibasic 


UNSATURATED POLYESTERS. 


Much of the versatility of the 
unsaturated polyester resins lies in 
the wide selection of raw mate- 
rials and basic processing methods 
available to meet the product 
characteristics that may be re- 
quired. 

The two basic ingredients of the 
unsaturated polyester resin—the 
dihydric alcohols and the dibasic 
acids—and the polymerizable 


acid under controlled conditions, 
water is evolved and chain mol- 
ecules having terminal hydroxyl 
or carboxyl groups result. These 
molecules are the saturated poly- 
esters. They can undergo further 
inter-molecular § condensations, 
but cannot be cross-linked as can 
the unsaturated polyester resins. 

Certain saturated polyesters 
have become useful plasticizers 
often referred to as polymeric 
plasticizers. More often, special 
types prepared from ethylene 
glycol and terephthalic acid have 
found application in the textile 
fiber field (e.g., Dacron) and as 
film (e.g., Mylar). 

A new and increasingly impor- 
tant use for these polyesters has 
been their reaction with isocya- 
nates to produce polyurethanes. 
The isocyanates react with those 
polyesters containing hydroxyl 
groups to form urethane linkages 
and with those polyesters con- 
taining carboxyl groups to form 
amide linkages. In either case, 
CO, is evolved to produce the 
foamed polyurethane. Adipic acid 
and dimer acid polyesters are 
generally used. 

Another basic group in the 
polyester family are the alkyd 
paint resins. Essentially three- 
dimensional polyesters produced 
mainly from phthalic anhydride, 
the alkyd coating resins are dis- 
tinguishable from other poly- 
esters in that they contain fatty 
monobasic acids as “oil modifica- 
tion” and are usually furnished in 
organic solvents. Before the war, 
the polyol component was almost 
exclusively glycerine, but at the 
present time other polyols, such 
as pentaerythritol, are widely 
used. (For a more complete dis- 
cussion of alkyd paint resins, see 
p. 247.) 





monomer with which it is cross- 
linked are all capable of a good 
deal of variation. 

Of the dihydric alcohols, the 
glycols of ethylene, propylene, 1, 
3- and 2,3,-butylene, diethylene, 
and dipropylene—each with its 
own special characteristics—are 
most commonly used. 

The unsaturated dibasic acid is 
usually maleic anhydride or fu- 
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marie acid. Saturated dibasic-acid 
components, such as isophthalic, 
adipie and azelaic acids, and 
phthalic anhydride, are also used; 
and again, a good deal of varia- 
tion is possible. A higher maleic 
content increases the resin reac- 
tivity and promotes rigidity at 
high temperatures, whereas in- 
creasing the phthalic anhydride 
gives a less exothermic resin with 
lower high-temperature rigidity. 
Linear dibasic acids, e.g., adipic 
acid, may be used to increase flex- 
ibility. 

Isophthalic polyesters: The re- 
cent availability of the isophthalic 
acid isomer of phthalic anhydride 
has resulted in the preparation of 
resins containing isophthalic acid 
on a commercial basis. By using 
new manufacturing techniques it 
is possible to obtain polyester 
resins containing isophthalic acid 
which have a substantially higher 
molecular weight than were pre- 
viously available. Such resins 
have superior strength, toughness, 
and increased heat and chemical 
resistance over standard phthalic 
resins. The higher viscosity of 
these resins allows for higher ra- 
tios of styrene than are normal- 
ly used with phthalic anhydride 
polyesters with no appreciable 
effect on the properties of the 
cured resins. 

When making comparison be- 
tween various resin systems it is 
always important to take into 
consideration the molecular 
weight to which the polyesters 
have been reacted as this variable 
has a considerable bearing on the 
properties which are achieved. 
Other things being equal, the 
higher the molecular weight the 
higher will be the strength char- 
acteristics and chemical resist- 
ance of the resulting resin. 

Bisphenol A polyester resins: 
Styrene solutions of the reaction 
product of propylene oxide, bis- 
phenol A, and fumaric acid yield 
resin systems which are some- 
what more resistant to hot aque- 
ous solutions of various chemicals 
than general purpose polyester 
resins based on such raw mate- 
rials as propylene glycol, maleic 
anhydride, and phthalic acid. 

The monomers containing dou- 
ble-bond unsaturation that are 
reacted with the linear unsatu- 
rated polyester to achieve a 

ee-dimensional structure when 
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TABLE |: Properties of clear, cast rigid polyester resins 





Specific gravity 
Hardness—Barcol 

Rockwell—M scale 
Tensile strength, at 25° C., p.s.i. 
Flexural strength, at 25° C., p.s.i. 


Flexural modulus, at 25° C. x 10°, p.s.i. 


Compressive strength, p.s.i. 


Heat distortion point, °C. (A.S.T.M.) 
Water absorption, 24 hr., at 25° C., % 


Dielectric strength 


Short-time test at 25° C., v./mil 
Step-by-step test at 25° C., v./mil 


Dielectric constant at 60 cycles 
at 10° cycles 

Dissipation factor at 60 cycles 
at 10° cycles 





cured can be styrene, diallyl 
phthalate, vinyl toluene, methyl 
methacrylate, or triallyl cyanu- 
rate. These too have special prop- 
erties to offer: diallyl phthalate, 
for example, in the formulation 
of molding compounds and trially] 
cyanurate in developing superior 
heat resistance in the resulting 
product. 

Other additions to the polyester 
formulation must also be taken 
into careful consideration. When 
properly formulated with an in- 
hibitor (usually polyhydric phe- 
nols such as hydroquinone or 
tertiary butyl hydroquinone), the 
polyester solutions are stable 
enough at ordinary temperatures 
for all practical purposes. Gen- 
erally, however, materials to be 
stored in tanks, tank cars, or 
drums for prolonged periods 
should be protected from direct 
sunlight, heat radiation, or over- 
heated warehouses. Stored under 
refrigeration, it is possible for 
polyester resins to remain stable 
for years. 

Cure of the resin is initiated 
by the addition of a catalyst (usu- 
ally an organic peroxide or hy- 
droperoxide) and activators or 
accelerators (cobalt naphthenate, 
alkyl mercaptans, and dialkyl 
aromatic amines) are often used 
to promote the cross-linking re- 
action so that cure can be effected 
at room temperatures or short 
time at higher temperatures. 

The proper balance of all these 
ingredients will, of course, deter- 
mine initial resin stability, cata- 
lyzed pot life, set time, and cure 
time. The cure itself proceeds in 


two distinct stages. The first is the 
formation of a soft gel (time of 
gelation is determined by com- 
position and temperatures used). 
Immediately after gelation, the 
cure is rapidly propagated with 
considerable evolution of heat, 
which in a large mass of resin or 
under adiabatic conditions may 
carry the temperature up to 400 
to 500° F. Complete cure can be 
obtained with no liberation of 
volatile materials. 


General properties 


The most important general 
properties typical of all poly- 
merizable polyesters are: 1) Ease 
of handling. Polyesters in the un- 
cured state are easily handled liq- 
uids. 2) They cure to a solid ma- 
terial with no liquid or gases 
evolved. Since the curing action 
is exothermic and the heat 
evolved aids in speeding the cure, 
polyester resins are among the 
most rapidly cured of the thermo- 
setting resins. 3) Ease of coloring. 
Polyesters are light-colored liq- 
uids which can readily be pig- 
mented to any desired color. 4) 
Excellent dimensional stability. 
5) Good electrical properties. 6) 
Good physical properties. 

Specialty type polyesters de- 
signed for specific applications can 
have one or a combination of ad- 
ditional properties: 1) good 
weathering resistance and light 
stability; 2) heat resistance—the 
use of monomers, such as triallyl 
cyanurate, in conjunction with 
highly unsaturated polyester 
bases, raises the operating tem- 
perature of polyester-fibrous 





glass laminates to 500° F.; 3) 
flame resistance; and 4) corrosion 
resistance. 


Reinforced polyester resins 


The primary field for the use of 
unsaturated polyester resin is the 
production of reinforced plastics. 
Any type of reinforcement can be 
used, although fibrous glass in the 
form of chopped fibers, roving, or 
woven or nonwoven mat is fa- 
vored. (See “Fillers and Rein- 
forcements,” p. 554.) Since the 
reinforced polyesters are being 
used for a wide range of end 
products that vary in size from 
small electrical components to 
huge boat hulls, a number of fab- 
ricating techniques are available. 

1) The hand lay-up method is 
generally used for making large 
shaped articles such as boat hulls, 
radomes, wing sections, fairings, 
fins and wing tips, missile noses, 
and other products for the air- 
craft, electronic, marine, and mis- 
sile industries. Either a male or 
female mold can be used. The 
polyester-fibrous glass laminates 
are laid up against the mold. 
Generally, a bag of impervious 
material is placed over the lam- 
inate and either vacuum or pres- 
sure is used to hold it in place dur- 
ing cure. Curing can be at room 
or elevated temperatures. Pro- 
duction is slow, but the technique 
is versatile enough to turn out 
radomes up to 36 ft. in length and 
boats up to 40 ft. long, as well as 
various types of huge storage 
tanks. (See “Hand lay-up,” p. 
607.) 

2) Preform or mat molding in 
heated matched-metal molds is 
used to turn out such commercial 
products as cafeteria trays, tote 
boxes, chairs, laundry tubs, 
washing machine tubs, automo- 
tive parts, luggage, and boats. 
The mat or preform is placed in 
the heated mold, the catalyzed 
polyester is poured in, and clos- 
ing the mold forces the resin 
throughout the reinforcement. 
Conventional molding cycles are 
2 to 4 min. at 220 to 260° F. and 
50 to 200 p.s.i. (See “Preform and 
mat molding,” p. 608.) 

3) Premix molding provides a 
rapid method of making less criti- 
cal parts at considerably lower 
cost than mat or preform molding. 
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TRAVEL TRAILER SHELL, molded of fibrous glass-reinforced polyester 
resin, weighs, on an average, 15 oz./sq. ft. Weight-saving of plastics 
shell permits trailer to carry extra features such as air-conditioning 
and wholly independent electrical system (Photo, Holiday House Inc.) 


It makes possible the molding of 
parts with varying wall thick- 
nesses, intricate contours, and 
molded-in inserts. Typical appli- 
cations include: electrical equip- 
ment parts, refrigerator striker 
plates, automotive heater ducts, 
automotive air conditioner parts, 
and automotive garnish moldings 
(window frames). In this method, 
resin, reinforcement, filler, and 
catalyst are mixed in a dough- 
type mixer. Typical molding 
cycles are % to 2 min. at temper- 
atures from 270 to 300° F. and at 
pressures from 500 to 1500 p.s.i. 
(See “Premix molding,” p. 608.) 

4) Other miscellaneous fabri- 
cating techniques are available, 
such as continuous laminating 
generally used for turning out flat 
or corrugated building panels 
with good weathering resistance, 
ease of coloring, and good physi- 
cal properties. These sheets are 
made in light transmissions vary- 
ing from 5 to 80% and are used 
primarily as skylights, industrial 
glazing, and awnings. For mak- 
ing spherical shapes for use as 
water softener tanks, diesel tanks, 
jet assist tanks, etc., filament 
winding, in which the reinforcing 
fiber is passed through a resin 
bath and wound up on a rotating 


mold, and centrifugal molding, in 
which a hollow mandrel is lined 
with glass mat and rotated while 
the polyester resin is being fed 
into it, are also available (see 
article on p. 609). 


5) In the spray-up method, cat- 
alyzed and promoted resin can 
either: 1) be simultaneously pro- 
jected with continuous or chopped 
glass roving onto a mold surface 
(the resin emits from one nozzle 
of a dual-nozzle spray gun, the 
glass from the other); or 2) be 
sprayed onto glass fibers (in mat, 
cloth, or rovecloth form) already 
laid up in the mold. (See p. 609.) 

While the processor can apply 
the reinforcement himself and do 
his own impregnation in all of the 
above techniques, it should be 
noted that prepregs are also avail- 
able that can be tailored to most 
methods of lamination (from vac- 
uum bag to press molding). Pre- 
pregs, in essence, are impregna- 
tions of fabric or fiber with 
synthetic resin which is then ad- 
vanced, or partly polymerized, to 
a point where the material can 
subsequently be formed into the 
finished product. Ease of handling 
and consistent, accurate control 
of the material are main advan- 
tages. (See p. 610.) 
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CASTING RESINS AND FOAMS 


In the casting field, little if any 
reinforcing agent is used. Cast- 
ings are made from both clear 
and filled resin by pouring the 
catalyzed resin into a mold. Cur- 
ing can take place at room or ele- 
vated temperatures. 

Castings are being produced for 
aircraft glazing. Filled castings 
are being used in electrical com- 
ponents. Decorative castings are 
the most rapidly growing segment 
of this field. Polyester buttons are 
produced in quantity. 

Polyester resins used for cast- 
ing are most often comparatively 
thin liquids, frequently custom 
formulated to fit specific end re- 
quirements. Resins which have a 


SATURATED POLYESTER RESINS. 


Among the three major outlets 
for saturated polyester resins are: 
plasticizers, fibers and films, and 
urethane foams. 

Plasticizers: A number of poly- 
ester plasticizers are available 
commercially. In general, they are 
saturated resins of controlled 
molecular weight. The polyester 
plasticizers are more viscous and, 
because of their low volatility, are 
more permanent than other esters 
used for plasticizers. They may 
be used in both organic coatings 
and plastics. 

Fibers and films: A special type 
of saturated polyester prepared 
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low shrinkage and a low exotherm 
during cure are recommended for 
casting in order to obtain crack- 
free and strain-free casting. Also 
available are filled polyester res- 
ins which come in thicker forms, 
resembling batter, for pouring 
into molds. Some polyester com- 
pounds can be cured catalytically 
without applying heat. Generally, 
however, baking is done in a 
closed mold to avoid contact with 
air during the cure which may 
cause surface softness. High di- 
electric strength, heat resistance, 
and ability to form a secure bond 
with other materials without ad- 
verse effect on these materials 
have made the liquid polyester 


popular in the manufacture of 
electrical and electronic products, 
parts, and assemblies, particu- 
larly for potting. 

Polyester potting resins (usu- 
ally styrene solutions of the es- 
terification condensates of various 
dihydric alcohols and unsaturated 
dibasic acids) are catalyzed with 
organic peroxides to initiate co- 
polymerization of the styrene and 
resin components by means of a 
vinyl-type addition reaction. The 
monomeric styrene present func- 
tions not only as a cross-linking 
agent but also as a diluent to pro- 
vide viscosities sufficiently low 
for impregnation of fine struc- 
tures. 





from ethylene glycol and tereph- 
thalic acid has found application 
in the textile fiber field and as 
film. Clothing fabric woven with 
fibers (Dacron) of this polyester 
has good wear resistance and 
laundering characteristics. The 
film (Mylar, Du Pont; Videne, 
Goodyear; Scotchpak, Minn. Min- 
ing & Mfg. Co.; Terafilm, Acme 
Backing Corp.) features well- 
known tensile strength and tear 
resistance and is used in electri- 
cal and packaging applications. 
Polyurethane resins: Other sat- 
urated polyesters with lower mo- 
lecular weights and differing 


compositions are entering the 
rapidly expanding field of poly- 
urethane resins. The polyesters 
are used in conjunction with di- 
isocyanate compounds to form 
foams and elastomers as well as 
coatings. For a full discussion of 
these materials, see “Isocyanates,” 
p. 216, and “Urethane foams,” p. 
391. 

Saturated polyesters and diiso- 
cyanates of appropriate composi- 
tion can also be reacted to form 
polyurethane elastomers capable 
of being cross-linked, by reaction 
with suitable agents, to form 
tough rubber products. 





Polyester resins used in organic 
paints are usually known as 
alkyds. Alkyds are distinguish- 
able from other polyesters in 
that they contain fatty monobasic 
acids as “oil modifications” and 
are usually furnished in solvents. 
Because of popular usage, these 
polyester resins will be referred 
to as alkyds. 

The predominant group of alkyd 
resins used in the manufacture of 
surface coatings employs phthalic 
anhydride as the main polybasic- 
acid constituent and such poly- 
hydrie aleohols as glycerol or 

D. C. Davis and L 
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pentaerythritol. Other polyhydric 
alcohols, such as glycols, di- or 
tri-pentaerythritol, sorbitol, or 
trimethylolethane, can be used to 
emphasize special resin properties. 
In addition to the polybasic acid 
and polyhydric alcohol com- 
ponents, alkyd resins for protec- 
tive coatings are modified with 
oxidizing or nonoxidizing fatty 
acids derived from vegetable and, 
in some cases, mineral oils. 
Oil-modified alkyd resins of the 
air-drying type cure by oxida- 
tion of their drying oil constituent. 
In the case of the baking type, 
in which the oil modification may 
be oxidizing or nonoxidizing, the 


alkyds cure by heat alone or by 
co-condensation with alkylated 
amino resins in the presence of 
heat. 

Quantitatively and qualita- 
tively, the oil modification of 
alkyd resins produces profound 
effects on the properties of these 
products. Alkyds generally con- 
tain from 30 to 70% of oil and 
are classified approximately as 
follows: 
Classification Oil content 

% 


30-46 
46-56 


Short-oil 
Medium-oil 
Long-oil 56-70 
Short-oil alkyds: Short-oil 
alkyds contain fewer of the ali- 
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phatic, solvent-tolerant, fatty- 
acid chains in their molecular 
structure, and, hence, are prone 
to be incompatible in aliphatic 
solvents. These alkyds are sup- 
plied as solutions in aromatics, 
such as xylene or toluene. The 
short-oil alkyds that are modi- 
fied with nonoxidizing oils, such 
as coconut or castor oil, are used 
as plasticizers in cellulose nitrate 
lacquer formulations to contribute 
the necessary properties of adhe- 
sion, flexibility, durability, and 
color retention to modern auto- 
motive and other fast-drying in- 
dustrial lacquer finishes. Short- 
oil, nonoxidizing alkyds are also 
used extensively with urea and 
melamine resins in baking enam- 
els and yield exceptionally hard, 
tough finishes for refrigerators, 
washing machines, home freezers, 
and many other similar types of 
home appliances. 

Short-oil, oxidizing alkyds 
based on soya, dehydrated castor, 
or cottonseed oils have a broad 
base of utility in industrial baking 
finishes of all types. In conjunc- 
tion with acid-catalyzed urea 
resins, they have also found suc- 
cessful application in forced-dry, 
wood-furniture finishes that are 
superior in abrasion resistance, 
impact strength, and durability to 
oleoresinous varnishes or cellu- 
lose nitrate lacquers. 

Medium- and long-oil types: 
Medium- and long-oil alkyds 
that are soluble in mineral spirits 
are modified most frequently with 
oxidizing oils and are used in 








TABLE Ii: Characteristics of polyester-glass cloth 
and mat laminates 





34 oz. mat laminate 
\% in. thick, resin 65% 


12-ply glass cloth 
ECC 181-136, resin 40% 





Tensile strength, p.s.i. 12,500 
Flexural strength, p.s.i. 24,000 
Flexural modulus, p.s.i. 0.79 « 10° 


Impact strength, notched Izod 


Heat distortion temp., °C. 300 
Rockwell hardness, M scale 105 
Water absorption, 24 hr., 25° C. 0.40 


47,500 
65,000 
3 x 10° 
18 

300 

105 
0.45 





brushing-type, air-drying finishes. 
Many government specifications 
call for alkyds of this group and 
most of the familar household 
paint products, such as alkyd flat 
wall-paint, 4-hour high-gloss 
enamel, and porch, floor, and 
deck paints, are manufactured, at 
the present time, from either the 
medium- or long-oil type alkyds. 

Availability of “odorless” and 
“low-odor” mineral spirits has 
permitted development of medi- 
um- and long-oil alkyd resin so- 
lutions in these solvents for in- 
terior alkyd-based flat paints and 
gloss enamels that are free from 
obnoxious odors. Long-oil and 
extra-long-oil alkyds at 100% 
solids are also increasing in usage 
as modifiers for various water- 
dispersed latices and as com- 
ponents of exterior house paints. 

Modified alkyds: Oil-modified 
alkyd resins may be modified 
further with other materials for 
emphasis of special properties. 
(See Table III below.) Common 





TABLE Ill: Modifiers for alkyd resins used in paints 





Modifier Advantages Disadvantages 
Rosin Fast drying Yellowing 
Hardness Poor exterior durability 
Mar resistance 
Phenolic Hardness Yellowing 
Solvent resistance Poor stability 
Alkali resistance 
Styrene Fast drying Poor solvent resistance 
Light color Poor stability 
Color retention Fair exterior durability 
Silicone Heat resistance Cost 
Hardness Higher curing temperature 
Resistance to thermal shock 
Acrylics Fast drying Cost 
Adhesion Limited compatibility 


Color retention 


with amines 








modifiers are rosin, phenolic res- 
ins, styrene, and silicones. Modifi- 
cation of alkyd resins with acrylics 
or epoxy resins give a group 
of copolymers that. combine the 
properties of both materials. Fast 
drying resins with excellent ad- 
hesion to metals and excellent 
color retention are the result. Such 
additional modification, however, 
is usually a compromise in prop- 
erties gained and lost. 

Highly thixotropic alkyds have 
been developed by modification 
with polyamide resin. Paint prod- 
ucts produced from polyamide- 
modified alkyds are unusual in 
appearance in that they are jelly- 
like, but are quickly reduced to 
ordinary consistency by agitation. 

Non-phthalic alkyds: Rosin or 
terpenes, and maleic anhydride or 
fumaric acid undergo a Diels- 
Alder reaction and form a tribasic 
acid. This reaction product can be 
esterified with glycerol or fatty- 
acid glycerides to produce alkyd 
resins that exhibit properties su- 
perior to those of the varnishes 
manufactured by simply cooking 
maleic-modified ester gum with 
oils. Although these alkyds can- 
not be considered equivalent- 
quality substitutes for phthalic 
alkyds, they fit into a small sphere 
of utility for special applications. 

Use of alkyd resins in the sur- 
face-coatings industry has risen 
considerably faster than the in- 
crease in paint production dur- 
ing the past 25 years. The U.S. 
Tariff Commission estimate for 
1960 production of alkyd and 
rosin-modified resins (except phe- 
nolics) for use in surface coatings 
was 600,000,000 pounds. 

Versatility: Alkyds, in general 
are better coatings than oleo- 
resinous varnishes and are adapt- 
able to a wide variety of air- 
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drying and baking finishes for 
wood, metal, plaster, paper, and 
plastic. In addition, alkyds func- 
tion as plasticizers for cellulose 
nitrate. 

Uniformity: The growth of al- 
kyd resin production has fostered 
development of a new scientific 
attitude in the paint and varnish 


POLYESTERS FOR COATING APPLICATIONS 


By JOHN R. LAWRENCE* 


The poor air-curing character- 
istics of the unsaturated polyester 
resins offered to the industry 
during the 1940’s discouraged the 
use of polyester resins for coating 
applications. In addition, the con- 
cept of 100% reactive, high-build 
coatings had not become a factor 
in the field of industrial finishes. 
However, recent technical de- 
velopments and changed concepts 
in the role of coatings have opened 
new markets for polyester resins 
for coating applications. 

One of the first techniques used 
to develop air-cured polyester 
films involved the use of various 
additives to the resin which be- 
come incompatibie in the curing 
resin and exude to the surface to 
form a protective film. Wax is the 
material most used for this im- 
provement in air-curing charac- 
teristics. Resins modified for air- 
curing by this technique must be 
cured at room temperature since 
elevated temperatures keep the 
wax in solution and prevent it 
from coming to the surface. There 
has been wide-spread use of such 
systems for various coating appli- 
cations. 

There are several polyester 
compositions which give true air- 
curing properties. These systems 
either react with the oxygen in the 
atmosphere in developing cure or 
otherwise resist the air inhibition. 
Such resin systems can be cured 
at room temperature or force 
cured at elevated temperatures. 

Air-curing polyester resin sys- 
tems lend themselves to formulat- 
ing for a variety of coating appli- 
cations where their properties are 
particularly outstanding in com- 
parison with other coatings. Coat- 
ings based on polyester resins offer 
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industry. Careful chemical con- 
trols required for successful alkyd 
production have replaced the in- 
dividual judgment of the varnish 
maker and a new order of uni- 
formity has resulted. 

Economy: Alkyd resins are low 
in cost. Their raw materials are 
available to the manufacturers 





in abundant supply. The efficiency 
of handling packaged, ready-to- 
use vehicles of high quality and 
wide scope represents a greater 
stride in progress than any that 
the paint industry has made 
throughout its entire history. And 
future progress will probably be 
as dramatic as the past. 





the following characteristics: 100% 
reactive; thermosetting; high build; 
cold check resistance; good color 
retention; abrasion, chemical, and 
heat resistance. 

In addition to air drying proper- 
ties, polyester resins for coating 
applications must have a number of 
other characteristics for satisfac- 
tory handling. These characteristics 
would generally include thixo- 
tropy, non-crawling, non-crater- 
ing, pot life, adhesion to substrata, 
and toughness. 


Masonry coatings 
The high build, abrasion-resist- 
ant, chemical-resistant films which 
can be applied with polyester coat- 
ing resins make them particularly 
attractive for finishing masonry 
surfaces. With many masonry sur- 
faces a single coat of polyester 
coating resin can fill and bridge ir- 
regularities and give a smooth, 
easy-to-clean surface. Very porous 
or rough surfaces may require a 
spackling-type coating to fill the 
porosity before the polyester top- 
coat is applied. Such coatings can 
be pigmented to virtually any color 
and by application of spatter or 
webbing coats, a variety of decora- 
tive effects can be achieved. 
Because these coatings are cat- 
alyzed systems, they must be ap- 
plied by applicators who are fully 
aware of the correct procedures 
and the sensitivity of the resin to 
various conditions such as heat, 
moisture, coloring pigments, highly 
alkaline surface conditions, etc. 
Although polyester coatings have 
been used on many types of 
masonry surfaces under a variety 
of exposure conditions, they should 
only be used under conditions 
specifically suggested by the man- 
ufacturer or where actual test 
patches have shown satisfaction. 
Because of the more severe con- 
ditions involved in outdoor ex- 


posure, gradual breakdown will 
occur which will generally show up 
as a loss of gloss and a color 
change, depending on the particu- 
lar pigments used. Under most 
conditions, however, polyester 
coatings on masonry surfaces out- 
doors will have a longer life than 
conventional paint systems. 


Metal and wood coatings 


Because of their cost, ease of 
application, and resistance to a 
variety of exposure conditions, 
polyester resins show consider- 
able promise as high-build pro- 
tective coatings for metal. 

Satisfactory adhesion of polyester 
coatings to metal surfaces usually 
requires the use of a primer sys- 
tem. Epoxies are perhaps the best. 
The primer not only provides a 
satisfactory bond to the metal sur- 
face, but also can incorporate pig- 
ments selected to provide the max- 
imum corrosion protection. 

Besides toughness to withstand 
mechanical abuse during service, 
polyester coatings on metal must 
be resilient enough to withstand 
the stresses due to differential co- 
efficients of thermal expansion be- 
tween the metal and resin. Unless 
the resin is sufficiently elastic to 
give with this expansion and con- 
traction, the coating will rupture 
and flake. Regardless of adhesion 
and toughness, when films greater 
than 10 mils are applied to metal, 
it is good practice to reinforce 
them with glass fibers. Such rein- 
forced coatings contribute to the 
structural characteristics of the 
unit and are seeing considerable 
service in reconditioning various 
metal structures which would 
otherwise have to be completely 
rebuilt or replaced at a consider- 
ably greater expense. 

The first significant wood coat- 
ing application involved the coat- 
ing of wooden boat hulls and 





decks to provide a hard, wear- 
resistant finish and eliminate the 
necessity of frequent repainting. 
When reinforced with glass fibers, 
such a sheathing also provides 
some structural reinforcement to 
the hull in addition to sealing the 
seams which would otherwise re- 
quire swelling in water to make 
the boat watertight. Such coatings 
must be applied to properly pre- 
pared surfaces in thicknesses suf- 
ficient to withstand the stresses 
involved in use. Most of the fail- 
ures can be attributed to improper 
surface preparation or insufficient 
thickness. 

Although European and British 
technicians have developed high 
grade wood finishes based on poly- 
ester resins which are being widely 
used for a variety of wood applica- 
tions, similar operations in the 
United States have been slower in 
developing. This is principally due 
to our different production re- 
quirements and the quality and 
performance achieved by lac- 
quers, conversion varnishes, and 
other systems. Polyesters which 
rely on exudation of waxes or 
other materials are not entirely 
suitable because they cannot be 
force cured. However, complete 
wood finishing systems are being 
introduced in the United States, 
and it is anticipated that these will 
increase in use. 

In addition to a properly formu- 
lated topcoat, a polyester wood 
finishing system requires a com- 
plete system of stains, sealers, 
fillers, and toners. 


Gel coat 


Gel coat resins are essentially 
pigmented resin systems formu- 
lated for application to a hot or 
cold mold surface prior to the 
molding or lay-up operation. Al- 
though they are not applied by the 
conventional techniques used for 
other coatings, gel coats fall into 
the coating category in that they 
provide a protective and decora- 
tive finish for the molded part. 
Since it reproduces the mold sur- 
face exactly, the gel coat proce- 
dure eliminates the fiber pattern 
which is sometimes objectionable 
in reinforced polyester parts. It is 
possible to produce anything from 
a porcelain-like finish to a grained 
textured pattern by a proper selec- 
tion of the mold surface. 


The resin vehicle for gel coat 
formulation can be varied over a 
broad range of properties, depend- 
ing on the type of service re- 
quired of the finished molding. 
Gel coat finishes are currently 
being widely used on boats, bath- 
tubs, caskets, furniture, swimming 
pools, and many similar items. 

In addition to the resin system, 
the pigments and other ingredients 
in the gel coat formulation are im- 
portant with respect to the re- 
sistance of the coated structure to 
wearing and weathering. 


Application techniques 


Polyester coatings can be applied 
by a variety of techniques, but the 
most universally used method is by 
spraying. Good results can be ob- 
tained with both air atomizing and 
airless spray equipment. Consider- 
ble interest is developing in the use 
of pour coaters for applying poly- 
ester resins. 

The catalyst systems which are 
suitable for curing relatively thin 
films of coatings at room tempera- 
ture in reasonably short periods 
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involve the use of an accelerator. 
Such an active system makes it 
difficult to work with mixes of 
any great size without danger of 
having the resin set up in the ap- 
plication equipment. Dual resin 
spray guns which combine separ- 
ate mixes of catalyzed and acceler- 
ated resin are being widely used 
to overcome this problem. These 
guns are receiving their greatest 
use in the so-called spray-up proc- 
ess involving the deposition of 
glass and other fibers in combina- 
tion with the resin. This type of 
equipment is being used for the 
application of glass reinforced coat- 
ings as well as for the building of 
structural laminates. 

Another spraying technique used 
in applying polyester coatings in- 
volves the use of a so-called cata- 
lyst gun. This gun introduces a 
small quantity of catalyst at a con- 
trolled rate to the resin stream 
and offers the distinct advantage 
that no resin is catalyzed until it is 
actually used. Catalyst guns are 
frequently used for the application 
of gel coat. 





Consult the Subject Index for 
additional information concerning 
polyester resins, For information 
on low-pressure laminating 
(molding reinforced plastics), see 
p. 607. See also the Plastics Prop- 
erties and Technical Data Charts 
for information on properties. For 
sources of polyester resins, see 
Directory Index, p. 1060. 

“For tomorrow’s furniture— 
molded frames and upholstery,” 
MODERN PLASTICS 38, 176 (May 
1961). 

“Progress in reinforced poly- 
esters,” by G. Tolley, MODERN 
PLAsTics 38, 123 (Mar. 1961). 

“Traffic markers that shine— 
and last,” MODERN PLASTics 38, 100 
(Feb. 1961). 

“Shrinkage in glass-reinforced 
polyesters,” by Herman V. Boenig 
and Norman Walker, MODERN 
pLastics 38, 123 (Feb. 1961). 

“Tung oil and its derivatives in 
polyesters,” by Frank B. Root 
and Roger W. Amidon, MODERN 
PLASTICS 38, 144 (Oct. 1960). 

“Polyester-steel coil laminate,” 
MODERN PLASTICS 37, 109 (June 
1960). 


“New tool for builders: Spray- 
on polyester,” MODERN PLASTICS 
36, 76 (Aug. 1959). 

“Isophthalic polyesters,” by 
E. E. Parker, MODERN PLASTICS 36, 
135 (June 1959). 

“How builders can profit with 
polyester-faced concrete,” MODERN 
PLASTICS 36, 102 (May 1959). 

“Mechanical strength of poly- 
ester moldings in relation to cur- 
ing rate and type,” by H. Schir- 
mer, Kunststoffe 50, 388 (July 
1960). 

“Heat-shrinkable and polyester 
film,” by P. Stephen, SPE J. 16, 
545 (May 1960). 

“Polyesters from epoxides and 
anhydrides,” by R. F. Fisher, J. 
Poly. Sci. 44, 155 (May 1960). 

“An easy way to control cure 
of polyester resins,’ by J. H. 
Smith and R. B. Bennett, Society 
of Plastics Engineers Journal 15, 
867 (Oct. 1959). 

“Polyester premix molded parts,” 
by R. F. Doyne and S. S. Fener, 
Product Eng. 30, 76 (Oct. 1959). 

“Heat sealable polyester film,” 
by A. H. Stepan, Modern Packag 
ing 32, 111 (Mar. 1959). 


RESINS AND MOLDING COMPOUN! 









C ommercial polyethylenes are 
known as low-density (in the 


density range up to 0.925), 
medium-density (0.926 to 0.940), 
and high-density (0.941 to 0.965). 
Low-density is sometimes called 
conventional polyethylene since it 
was the first polyethylene poly- 
mer produced. The new copoly- 
mer materials are classified in the 
medium-density range (around 
0.935) or the high-density range 
(about 0.95), depending mostly on 
the material with which the eth- 
ylene is copolymerized. 





Polymerization 


Basically, all polyethylenes are 
synthesized by the polymeriza- 
tion of ethylene molecules in the 
presence of suitable catalysts. 
Conventional low-density poly- 
ethylene (also known as branched 
polyethylene, high-pressure poly- 
ethylene, etc.) is synthesized at 
elevated temperatures and very 
high operating pressures (15,000 
to 30,000 p.s.i.). Free radical cata- 
lysts such as peroxides and pos- 
sibly other selected diluents are 
used. Medium-density polyethyl- 
enes can be manufactured in the 
same type of equipment used to 
produce low-density polyethyl- 
enes with the density being con- 
trolled by the proper selection of 
catalysts, chain transfer agents, 
and diluents, or they can be 
produced by blending low- and 
high-density resins in proper 
proportion. The stiff, high-density 
polyethylenes (also called linear 
polyethylenes, rigid polyethyl- 
enes, low-pressure polyethylenes, 
etc.) are made at lower synthesis 
pressures and temperatures, using 
coordination catalysts. 

Although these are the three 
main classes of polyethylene, each 
constitutes a large family of dif- 
ferent resins. The differences that 
do exist between these materials 
are discussed in the text of this 
article. 
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Polyethylene resins 


Fundamentally, a polyethylene 
molecule is made up of a long 
chain of carbon atoms, each with 
two hydrogen atoms attached. The 
molecule usually contains be- 
tween 800 and 100,000 carbon 
atoms. 

During the free radical synthe- 
sis process, the active end of a 
growing molecule sometimes dis- 
lodges a hydrogen atom from the 
middle of another molecule, pro- 
ducing an active site which results 
in the growth of a long-chain 
branch at that point. As might 
be expected, a polyethylene con- 
taining a sizable proportion of 
such branched molecules exhibits 
different flow properties in the 
molten state than one of similar 
molecular weight without long- 
chain branching. 

A second type of reaction which 
may occur during the synthesis 
process results in the formation of 
many short branches (2 and 4 
carbon atoms in length) at irreg- 
ular intervals along the main 
chain and the longer branches. 
These short branches are partially 
responsible for the great differ- 
ences in solid-state properties 
which exist between the two basic 
families—the branched and linear 
types of polyethylene. 


Crystallization 


One of the properties of the 
type of hydrocarbon chain found 
in polyethylene is a tendency to 
crystallize. Crystallization is said 
to have occurred when a number 
of chains, lying in approximately 
parallel alignment, assume a more 
compact configuration, producing 
a small crystal or “crystallite.” A 
single hydrocarbon chain or long 
branch may pass through several 
crystallites, with disordered or 
“amorphous” portions between. 

Compared with the amorphous 
material, the crystalline material 
is harder and stiffer (because the 
closely parallel chains are bound 
together) and it is denser. The 
higher density in the crystallites 
is due to the “close-packing” of 
the resin chains in the crystalline 
lattice. X-ray measurements indi- 
cate a density of 1.00 for the crys- 







tallites. The density of the amor- 
phous regions is not known with 
certainty since various types of 
measurements lead to figures 
ranging from 0.76 to 0.85. 

In any resin, therefore, the rel- 
ative percentages of crystalline 
and amorphous materials will de- 
termine the density of the whole 
resin. A completely (100%) crys- 
talline resin would have a density 
of 1.00; a wholly amorphous resin 
in the vicinity of 0.80. 


Melt index 


The amount and types of 
branching, as well as the average 
molecular size, affect the flow 
properties of the molten poly- 
ethylene in a complicated manner. 
Originally, it was considered con- 
venient to determine the molten 
viscosity under a set of rigidly 
specified conditions. The number 
of grams of molten polymer which 
will flow through a standard ori- 
fice at a standard temperature 
and pressure in a given time is 
called the melt index (MI) of the 
polymer. For polymers made by 
the same manufacturer and by 
the same process, the higher the 
melt index, the more fluid is the 
melt. However, two polymers of 
the same melt index produced by 
different processes will not neces- 
sarily perform in the same man- 
ner in extrusion and in molding 
operations. For this reason, the 
melt index determination is es- 
sentially useful only as a quality 
control test during polymer man- 
ufacture and does not serve as an 
exact correlatable variable with 
performance in extruders and 
molding machines. 

Since melt index is generally 
considered to be a logarithmic 
function of molecular weight, it 
can be used as a rough estimate 
thereof and of those properties 
generally associated with molecu- 
lar weight, Polymers with a high 
melt index have a lower average 
molecular weight. (Refer to 
A.S.T.M. MI designation, D-1238- 
52T.) 

Unfortunately, it is sometimes 
observed that melt index is not 
necessarily a true indication of 
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the ease of flow during processing. 
This fact stems from the non- 
Newtonian nature of molten poly- 
ethylene. In a Newtonian fluid, 
the amount of flow is always di- 
rectly proportional to the stress 
applied. In other words, the vis- 
cosity is the same whether the 
stress is little or great. In the case 
of polyethylene, on the other 
hand, the greater the applied 
stress, the lower the viscosity be- 
comes. The amount of departure 
from Newtonian behavior is 
greatly affected, in polyethylene, 
by the breadth of the molecular 
weight distribution. If two poly- 
ethylenes of the same melt index 
have different molecular weight 
distributions, the resin of nar- 
rower distribution will have the 
greater apparent viscosity at 
stresses above that applied in the 
melt index test. Conversely, the 
resin of broader distribution of 
molecular weights will have the 
higher apparent viscosity at very 
low shear stresses. 


Selecting polyethylene 

When determining the type of 
polyethylene to be used for a 
given job, the material can be 
defined by the values of three 


parameters: density, melt index, 


and molecular weight distribu- 
tion. A more precise and funda- 
mental definition would include 
branching as well as average mo- 
lecular weight. 

1) Density: As the density in- 


creases: a) stiffmess increases; 
b) yield strength increases; c) 


Graves tear strength increases; 


d) surface hardness increases; 
e) chemical resistance increases; 
f) Elmendorf tear strength de- 
creases; g) Vicat softening tem- 
perature increases; h) permeabil- 
ity to liquids and gases decreases; 
i) film toughness decreases; and 
j) flex life decreases. 

2) Melt index: As the melt 
index is increased: a) melt fluid- 
ity increases (viscosity de- 
creases); b) melt “drawability” 
increases; c) film coefficient of 
friction increases; dd) _ tensile 
strength decreases (by about 10% 
in going from 0.2 to 5.0 melt in- 
dex); e) Elmendorf tear strength 
decreases; f) resistance to envi- 
ronmental stress cracking de- 
creases; g) low-temperature 
toughness decreases; h) Vicat 
softening temperature decreases 
(by about 10 to 15° F. with a 
change from 0.2 to 5.0 MI); and 
i) impact strength decreases. 

3) Molecular weight distribu- 
tion: A decrease in the breadth 
of molecular weight distribution 
at constant average molecular 
weight or constant melt index has 
these effects: a) tensile strength 
increases;' b) film toughness 
increases; c) low-temperature 
toughness increases; d) Vicat 
softening temperature increases; 
e) resistance to environmental 
stress cracking increases; f) ease 
of processing at high shear 
stresses decreases; and g) impact 
strength increases. 
1Tt is claimed by one manufacturer that the 
tensile yield point decreases with a decrease in 
breadth of molecular weight distribution. It 
should be recognized, however, that tensile 
strength and tensile yield point are not neces- 


sarily identical and that one can increase and 
the other decrease. 


After an initial selection is made 
on the basis of density, a further 
selection with regard to melt in- 
dex is necessary. The degree to 
which the properties will be af- 
fected by a melt index change 
will depend on the density of the 
polymer. Examples of this are 
film coefficient of friction and 
Vicat softening temperature. With 
low-density polyethylene, the 
difference in the coefficient of 
friction of film prepared from 
commercially available polymers 
of various melt indexes is readily 
measurable, whereas the differ- 
ences in this property of the com- 
mercially available linear films is 
undetectable. The same is true 
for Vicat softening temperatures. 

The effect on any one property 
due to a change in molecular 
weight distribution will also de- 
pend on the density of the poly- 
mer. Vicat softening temperature 
is again an exampie of this effect, 
varying noticeably with melt 
index for the low-density poly- 
ethylenes, and being constant for 
the linear resins. 


Low-density polyethylene 
Ethylene was first directly poly- 
merized to form polyethylene by 
Fawcett and Gibson in March, 
1933. They discovered that when 
ethylene was subjected to pres- 
sures of the order of 1000 to 2000 
atmospheres and temperatures in 
excess of 100° C., in the presence 
of oxygen or peroxide catalysts, a 
solid polymer was formed. 
The properties of polyethylene 
(Continued on p. 256) 
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Plastics Div., Allied Chemical Corp. 


Eastman Chemical Products, Inc. 





Melt 
index 


Major uses 


Trade 


designations | Density 


Molecular 
weight 


Brookfield 
viscosity 


Trade 
designations 





180 cpst 


Paper coatings, pastes, 


(eps @ 120° C.) Epolene 


polishes, ink, rubber & 
plastics processing aid 
Processing aid for rubber, 
paper coating 

Paper coating 

Paste polish, paper coating 
Blending with waxes & oils 
Emulsion polishes, 

textile finishes 

Metal coatings, additives, 
comp. molding 

High | <0.20* | Pipe 


0.907 7000 16,000 C-10 
0.925 1500 360 N-11 
0.928 2500 2500 N-10 
0.938 1500 340 N-12 
0.938 2500 1500 E-10 
0.939 1500 400 E-11 
0.956 1500 455 E-12 


A-C6 & 6A 
A-C 617 & 
617A 
A-C 615 

A-C 7 
G-201 


100 cpst 


Low 4000 cpst 
220 cpst 
Low 230 cpst 
Low 160 cpst 











A-C 629 Major uses of the low-molecular-weight polyethylene 


resins listed in the panel directly above are: modification 
of paraffin and wax blends, inks, rubber processing, 
polishes, textiles, paper coatings, and in plastic molding 
and extrusion compounds. 


High 0.01 





AC-X 
A-C pipe 








tViscosity is too low to use melt index. Values given in cps. 
at 140°C. *D1238-52T with 27.5 lb. wt. at 310°C. 
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Polyethylene resins and their uses* 








Melt index — average 
Injection molding 
Blow molding 
Monofilament 


Manufacturers 


Sheet, thermoforming 
Coatings (incl. wire) 
Cable jacketing 
General extrusion 
Trade 

Designations 
Manufacturers 

Melt index — average 
Injection molding 
Blow molding 

Sheet, thermoforming 
Coatings (incl. wire) 
Cable jacketing 
General extrusion 
Trade 

Designations 














Petrothene Monsanto 
270 0.917 r 706x 
203 0.917 : x 12253 
203-2 0.917 . 705, 706 
202 0.917 t MPE-43 
200 0.917 . 805 
201-210 0.917 . 406 

201-220, 201-2 0.917 ' 23406 
300-6 0.917 , 935 
300-200 0.917 G 537 
107 0.917 . 975 
301 0.918 : 600 

301-3, 301-6, 0.918 : 12203 

301-200-202 0.918 . MPE-70 
302 0.918 : MPE-72 
302-200 0.920 F MPE-80 
100 0.921 r MPE-60 
304-516 0.921 r 16409 
117 0.921 : MPE-38 
116 0.921 . MPE-71 
209-2 0.923 / MPE-32 
112 0.926 } MPE-34 
597 0.926 . MPE-73 
213 0.926 i MPE-52 

101, 102-2 0.926 . MPE-51 
102 0.926 J MPE-59 
205 0.928 . MPE-12 
205-15 0.928 . 11302 
206 0.928 ' 10406 
207 0.930 : 14202 
208 0.932 . 10308 

1.1 307 Dow P/E 

5.0 239 0.916 . 410M 

8.0 240 0.916 | 5.0 610M 

22.0 241 0.916 | 7.0 700M 

3.0 218 0.916 | 20.0 900M, 901M 

2.0 106-224 0.916 | 28.0 910M 

Alathon 0.918 | 0.3 103A1 

Low | 0.3 3c, 4 0.918 | 1.5 303A1, 305A3 

Low | 1.7 5, 5B & AA 

Low | 1.9 20 0.919 | 2.0 510E, 514E, 515E) 

Low | 1.9 14 0.920 | 1.6 400B 

Low | 2.0 SF 0.921 | 2.0 561E, 562E 

Low | 2.2 10 0.921 | 3.0 531E, 532E, 533E} 

3.0 22 0.923 544E, 545E, 

Low | 3.2 23A 2.2 546E 

Low | 3.7 16 0.924 | 0.7 200B 

Low | 4.0 15 0.926 | 2.0 550E, 551E 

Low | 23.0 18 0.926 | 8.0 770M, 771M 

Med. | 0.6 31 0.926 | 20.0 990M, 991M 

Med. | 2.0 Super 25 0.926 | 35.0 1000M, 1001M 

Med. | 3.0 34 0.930 | 1.5 PC-52 

Med. | 22.0 17 0.930 | 5.0 662E, 663E 

High | 0.5 7010 0.935 | 0.9 222E 

High | 1.5 Hi 25 0.935 | 2.5 x 555E 

High | 3.0 |x 7030 0.939 | 1.5 PC-55 

| High | 6.0 |x 7040 0.960 | 3.5 |x x R-600 

|__| High | 15.0 |x 7050 0.960 | 5.0 |x| |x x R-800 

cd on data supplied by the resin manufacturers listed. For other sources of polyethylene resins and moldi di foe mod Index, 


Directory Index. Data have been arranged in sequence by density from low to high. Where density is reported as “ low, a “medium,” or “high,” 
8: low = to 0.925, medium = 0.925 to 0.940; high = 0.940 and over. Listings continued on p. 254. 


x x 


Monsanto Chemical Co. 


U. S. Industrial Chemicals Co. 








The Dow Chemical Co. 


I. du Pont de Nemours & Co., Inc. 


E. 
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Polyethylene resins and their uses‘ (Cont'd) 





ignations 
ignations 


Sheet, thermoforming 
Cable jacketing 


Coatings (incl. wire) 


Manufacturers 

Melt index — average 
Injection molding 
Manufacturers 


Trade 




















Melt index — average 
Injection molding 
Monofilament 
Coatings (incl. wire) 
Cable jacketing 


Trade 











» | Sheet, thermoforming 


Bakelite PE 0.960 DGD-5211 
DYDT 0.960 ‘ DMD.-7004, -14 
DYLT 0.960 0 |x DMD.-7000 

DYNF-3 0.962 , DGD-3451 
DND.-0351 0.962 . DMD-5140 
DFD-4200 0.962 : DMD-5700, 

DYNH-4 DMDF-5475 
DND-4400 0.962 d DMDA-6077 
DFD-3200, 0.470 — DFD-4660 
DFD-3300 1.030 3.0 DFD-3201 
DFD-8500 1.040 | 6.5 DHDA-6390 
DND.-2450, 1.060 | 6.5 DGDA-7501 
DND-2004 Hi-Fax 
DFD-6603 1800 
DFD-6005 1700 
DFD-0224 1600 
DFD-2005, 1400 


DFD-2401 0.960 | 0.2 2600 
DFD-2408 0.960 | 0.8 2400 
DFDA-0376, 0.960 | 1.5 x 2300 
DFDA-0380 
DFD-0150 |f and { Not measurable by standard method. Reduced Specific 
DFD.0600, [Viscosity ratings: T= 4.5 to 6.5; {= 3.5 to 4.5. 
-1, -2, -4, -6 
DFD-0100, 
DFD-0118 
DFDA-4900 
DFD-3900 
DFD-0350, 
-2, -4, -8 
DFD-0152 
DND.-0400,-1, 
DFD-9200 
DHD-4160, 
-2,-4 
DFD-0506, 
DFD-6015 
DFD-6401 
DHD-2351 
DFD-4401 
DFD-2490 
DHDA-6386, 
DHDA-6390 
DFD-3200 
DFDA-7333 
DGD-4011 
DFD-7365, -6 
DFDA-8016 
DHD-4022 
DHD-2223 
DFDA-7070 
DMD-3005 
DMDA-3009 
DGD-4100 
DMD.-6001 
DGD-4002 
DGD-4552 
DGDA-7501 
DMDB-7002 
DMD-6201 
x DMDA-4300 





0.945 t 
0.945 t 
0.945 | 0.2 
0.945 | 0.6 


aM eM KOM OM 



































Hercules Powder Co. 





Fortiflex 
0.915 | 20.0 D15-2000 
0.915 | 30.0 D15-3000 
0.917 7.0 D17-700P 
0.918 0.3 D18-30-05 
0.918 1.2 D18-120 
0.918 1.7 D18-170-05 
0.918 3.5 D18-350P 
0.922 3.5 D22-350P 
0.924 1.2 D24-120-20 
0.924 1.7 D24-170-19F 
0.924 1.7 D24-170 
0.924 | 3.5 D24-350F 
0.924 7.0 D24-700F 
0.924 9.0 D24-900 
0.924 | 20.0 D24-2000 
0.934 1.7 C34-170F 
0.934 1.7 C34-170P 
0.934 1.7 C34-170-20 
0.938 0.3 BFX-31146 
0.945 | 03 B45-30 R-02 
0.945 | 0.9 B45-90 
0.950 0.2 B50-20 
0.950 0.8 B50-80 
0.950 2.5 B50-250 
0.950 5.0 B50-500 
0.960 0.2 A60-20 
0.960 0.7 A60-70 
0.960 2.5 A60-250 
0.960 5.0 A60-500 
0.960 8.0 A60-800 
1.040*| 0.7 A60-70-12 
1.040*| 2.5 A250-12 
1.040*| 5.0 A500-12 


*Flame -retardant formulations. 
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Celanese Corp. of America 


x OM 














x MM MM OK OM 





Ameripol 
0 0.950 0.1 |xX|xX 32 

Oo | 0.950 0.04 34 

x DMD-4901, 


0.950 | 0.001 35 
DMDA-5140 | , : / 
(Continued on next col.) Goodrich-Gulf Chemicals, Inc. 






















































































* See footnote, p. 253. Listings continued on p. 266. 








Melt index — average 





Injection molding 
Blow molding 


Sheet, thermoforming 
Monofilament 


Coatings (incl. wire) 


Cable jacketing 


General extrusion 


ignations 


& 


Melt index — average 


Injection molding 


Blow molding 





Sheet, thermoforming 
Monofilament 


Coatings (incl. wire) 


Cable jacketing 
General extrusion 





Trade 
Designations 





Inc., Plastics Div. 


Koppers Co., 











mM MM 


























Dylan 
1100-A 
1100 
1200 
1220 
1000 
1022 
1020 
1023 

Utility Black I 
1014-A 
2020 
2021 

2025, 2027, 2029 
2038 
2050 
2072 
2201 

2035, 2037, 2039 
2350 
2026 
2046 

2012, 2014 
3036 
3072 
3046 
3102 
3202 
3014 
3014-N 
tility Black II 
4006 
4014 

4014-N 

4042 
Super Dylan 
6002, 7000N 

6004 

6008 

6015 

6030 

6060 

6090 


~~ =— SS es 
NUNN R 





x *Kw MM OM OM OM 





~~ 








aM mM mK HK OK OM OM OK 


885, 886, 888, 
893, 163], 
163K, 163Z 

872 
846, 848 
840 
1B60 
1680 
2901, 2904, 2905 
889, 892, 1C3N 
874 
1901 
870, 179C 
873 
1210 
891 
1230 
2906 
1000 
1001 
1003 
2521 
2721 
2811 
3400 
3410 
3440 
3460 
3300 
3310 
3340 
3350 
3360 














emical Products, Inc. 











x 





x 














x 











(Continued on next col.) 








Tenite 
812 
811 
884 
808 
826 

1504, 150X 
856 
809 
831 








Spencer Chemical Co. 












































“Poly-Eth” 
1018 
1008.5 
1009 
1005 
1007 
2205 
3812 
2812 
2165, 2175 
4204 
5305 
5375 
5104 
5155, 5165, 5175 
2405, 2425 
3405 
2477 
1407 
1408.5 
2746 
1707 
1708.5 
1709 
2600 
1504 
1504C 
2505 








2904 








resin depend on the chemical 
structure of the polymer mole- 
cules. The simplest structure 
which can be drawn for the poly- 
ethylene molecule is 

CH,—CH,CH,CH,CH,—CH, 
Evidence from infra-red spectra 
and other sources indicates that 
the chain is not linear and reg- 
ular as shown but is interrupted 
by various irregularities. Small 
amounts of unsaturation are pres- 
ent, but the main type of irregu- 
larity is branching. 

As discussed in the section 
above on crystallization, resins 
made in this manner, since they 
have a high degree of branching, 
will consequently have the lowest 
density. 


High-density polyethylene 

In the production of high-den- 
sity polyethylene, ethylene is dis- 
solved in a solvent at moderate 
pressures, usually 500 to 1000 
p.s.i., and the solution is placed 
in contact with one of a number 
of widely differing catalysts which 
are insoluble in the solvent. Ac- 
tive centers on the surface of the 
catalyst polymerize the ethylene 
by means of a co-ordinating or 
directing mechanism which, in 
most cases, results in a “straight 
chain,” or substantially un- 
branched polyethylene molecule. 

The absence of branches per- 
mits the molecules to pack to- 
gether more closely and results 
in a denser material. 

In the high-density materials, 
there is also less amorphous ma- 
terial (in which crystallites are 
embedded) than in low density. 
Since this amorphous material 
adds to shock resistance by dis- 
tributing stresses, lack of it means 
that more precise control of 
thermal history must be made in 
order to avoid embrittlement. 
This is true mostly for the higher 
melt index resins. 

Thermal cracking may also oc- 
cur when linear polyethylene is 
excessively stressed and exposed 
at elevated temperatures. A de- 
crease in density, increase in 
molecular weight, and narrowing 
the molecular weight distribution, 
or a change of only one param- 
eter, while holding the others 
constant, will improve the resist- 
ance -to this type of failure. Such 
a material in the form of an ex- 


trusion grade of modified Ziegler 
resin, combining high molecular 
weight with a relatively narrow 
molecular weight distribution at 
0.945 density, was one of the first 
high-density resins used in blown 
containers and structures, wire 
and cable coatings, and flexible 
plastics pipe. 


Medium-density polyethylene 


These medium-density resins, 
which are made either by a modi- 
fication of the high-pressure 
process or by blending low- and 
high-density resins in proper pro- 
portions, have properties that fall 
between those of high-density and 
low-density types. 

Since density is so closely re- 
lated to the physical properties 
of polyethylene, desired end-use 
properties can be obtained by an 
increase or decrease in density. 
The relationship between many of 
the properties and density is not 
always a straight-line relation- 
ship, so that a moderate increase 
or decrease in density may result 
in a significant improvement in 
some properties. 

One of the limitations to the 
use of the low-density polyethyl- 
ene, for example, is its permeabil- 
ity to many liquids and gases. 
This permeability is greatly de- 
creased by an increase of density, 
and a good deal of the improve- 
ment possible? is obtained in the 
intermediate range. Heat resist- 
ance is in the same category. 

The improved heat resistance 
of medium-density polyethylene 
over the low-density types per- 
mits the fabrication of boilable 
products—food packages, house- 
wares, children’s toys, etc.—but 
does not permit steam sterilization 
at 250° F. In addition, some of the 
properties which are sacrificed 
because of higher density—impact 
strength, fold endurance, etc.— 
reportedly will show less of a loss 
in the medium-density range. 


Ethylene copolymers 

The copolymer is produced by 
the same basic process as the 
polymer. Heat and pressure are 
the factors of primary importance. 
In making a copolymer, two or 


*One manufacturer claims that 80% of the im- 
provement possible has already been obtained 
in the intermediate range. Another holds that 
physical pi 
the range 


rties are a function of Gooey in 
0.91 to 0.96 and that only 25% 
of the possible improvement is obtained. 


more substances are polymerized 
together (or co-polymerized). 
That is, the substances are poly- 
merized simultaneously and in 
the same reaction kettle. This 
produces an entirely different 
plastic than would be produced 
if each substance was polymer- 
ized separately and the polymers 
mixed. 

The copolymer is composed of 
more complex molecules, as com- 
pared with the relatively simple 
homopolymer. 

Some copolymers exhibit a high 
degree of moldability and a major 
use so far has been in the injec- 
tion and blow molding industries. 
Molders have taken advantage of 
the higher flow rates to use lower 
melt index types, which also of- 
fer good environmental stress 
cracking resistance, and thereby 
achieve better surface finish and 
gloss without slowing production. 


Low-molecular-weight 
materials 

Inert low - molecular - weight 
polymers of ethylene are avail- 
able in uniform cubes or powder 
form and in hot-melt or water- 
emulsifiable grades for use in 
paper coatings, and in paints, inks, 
and varnishes. More recently, 
blends of low-molecular-weight 
polyethylene and high-molecular- 
weight polyethylene have proved 
to be the solution to some of the 
general molding problems en- 
countered when using high- 
molecular - weight polyethylene 
alone. Flow problems and faulty 
color dispersions, for example, 
can sometimes be cured by the 
combination, but such blends can 
have detrimental effects on envi- 
ronmental stress cracking. High 
gloss and superior mold release 
are also easy to obtain when using 
these blends. 

Slush molding of low-molecu- 
lar-weight polyethylene is now 
possible with a number of avail- 
able formulas. 


APPLICATIONS 


All the polyethylenes — low- 
density, medium-density, high- 
density, and the copolymers—can 
be molded or extruded into a wide 
variety of useful products. Ap- 
plications include injection mold- 
ed items for the home and 

(Continued on p. 265) 
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Polypropylene offers a unique and desirable 


combination of light weight and heat resistance. 


It can be processed through much existing equipment. 


Here are the grades of Shell Polypropylene now available 


and some of their characteristics. 








Lightest plastic , Mar and stain 

CHARACTERISTICS | specific gravity High temperature | Built-in” hinge | resistance, ec 
1 nd 

¥ TYPICAL PRODUCTS 0.905 gone 


_——————————— 





Film 





Containers and closures 





Appliance parts 





Radio & TV parts 





Automotive parts 





Electrical parts 





Luggage 





Housewares 





Hospital and laboratory ware 





Vacuum cleaner parts 





Cameras and projectors 





Toys 





























General purpose injection molding 
—melt flow 4.0 


Grade 1506. Contains regular stabilizing 
system to protect against heat and oxida- 
tion. Retains strength, flexibility and color 
after long periods of aging under normal 
conditions. 


Grade 1516. Contains special stabilizers 
to protect against prolonged use at ele- 
vated temperatures. 


Grade 1526. Formulated with special sta- 
bilizers meeting requirements of the Food 
& Drug Administration. 


These grades of Shell Polypropylene are now available from stock: 


General purpose extrusion 
—melt flow 3.0 


All three of the general purpose extru- 
sion grades of Shell Polypropylene are 
especially designed for extrusion of pro- 
files and sheets of 10 mils thickness or 
more. 


Grade 1505. With regular stabilizer. 
Grade 1515. Stabilized for extended heat 


resistance. 

Grade 1525. Formulated with special sta- 
bilizers meeting requirements of the Food 
& Drug Administration. 


Film grade 1547—melt flow 5.5 
Grade 1547 of Shell Polypropylene has 


been particularly designed for cast film 
use. It is formulated with special stabiliz- 
ers to obtain maximum clarity and meets 
Food and Drug requirements. 


Additional melt flow grades to come 


Additional melt flow grades of polypro- 
pylene may be required for a better 
balance of performance and processing 
characteristics for special uses. Additional 
melt flow grades will be made available 
to fulfill these needs as they develop. 





ind stain 
e, excellet 
and finish 





High physical 


No stress cracking 
strength 


Rigidity 


Excellent dielectric 


properties resistance 


Moisture and solvent 


Brilliant colors FDA concurrence 















































































SHELL POLYSTYRENE 





Here is complete information on the General Purpose and 


impact Grades of Shell Polystyrene now available to meet a 


large majority of your fabricating needs 


General Purpose Grades 
Shell Polystyrene 300 has a good bal 
ance of physical and fabricating 
properties designed to give uniform 
performance in injection molding and 
extrusion applications. 

Shell Polystyrene 301 Fast Cycle 
has improved flow and set-up charac 
teristics especially designed for appli 
cations which require moderate section 
thickness. 

Shell Polystyrene 305 Heat Resist 
ant has good stress crazing resistance 
and excellent color, clarity and 


strength. It is especially designed for 
applications requiring improved ele 


vated temperature properties. 


Impact Grades 


Shell Polystyrene 310 Medium Impact 
has a good balance of physical and 
fabricating properties for applications 
requiring moderate toughness. Its com 
bination of high gloss, good molding 
and good extrusion characteristics 
makes it suitable for many packaging 
and closure applications. 

Shell Polystyrene 311 Medium Im 


pact has slightly higher impact resist 
ance than Shell Polystyrene 310. It 
should be used in applications where 
extra toughness is wanted. Otherwise, 
it is similar to Shell Polystyrene 310 
in most of its fabricating properties. 

Shell Polystyrene 321 High Impact 
is designed for extrusion and injection 
molding. Rapid set-up time, ease of 
flow, inherent toughness, high impact 
strength and dimensional stability 
make it ideally suited for applications 
requiring a good balance of physical 
and processing properties. 























Here are typical property values for Shell Polystyrene 
Shell Polystyrene 
Properties Units ASTM 
300 301 305 310 311 321 
Tensile Strength 8500 7500 8500 5000 4800 4800 psi D-638-58T 
Elongation 2.2 2.2 2.0 14.0 15.0 28.0 per cent D-638-58T 
Modulus of Elasticity : , t 
(in Tension) (x 105) 48 4.4 5.0 4.2 4.2 4.0 psi D-638-58T 
izod Impact: ft. Ibs./inch — 
0.35 0.30 0.40 0.6 0.7 0.9 of uated D-256-56 


Yo" x 14" bar 





Flexural Yield Strength 


_ -—— -_— 9900 9600 


D-790-49T 


—— 


8000 psi 


—. 





Rockwell Hardness 





M Scale D-785-51 








Heat Distortion Temperature 


192 180 200 182 180 


°F. at 
180 264 psi D-648-56 





Specific Gravity 


73/73°F. | D-792-50 


— 





Water Absorption 








-— -—— — 0.07 0.07 














per cent 


in 24 hrs. D-570-57T 
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SHELL’S EPON’ RESINS $e" 





Shell makes Epon resins in quantities up 


to a carload at a time. This assures uniformity for a 


wide range of laminating, coating, tooling, 


electrical and adhesive applications. 


oucHNEss, flexibility, adhesion, 
‘Baca resistance, dimensional] 
stability and excellent electrical prop- 
erties characterize all epoxy resins. 

Here are Shell’s Epon resins and 
their major applications: 
Epon resin 812. Highly reactive 
epoxy with excellent color retention. 
Can be combined with other Shell 
Chemical Epon resins to reduce vis- 
cosities and speed cure rates. 
Epon resins 815 and 820. Low vis- 
cosity grades for surface coating, lami- 
nating, adhesives, casting and potting. 
Epon resin 815 is especially suited for 
contact and vacuum-bag laminating at 
room temperature. Epon resin 820 is 
recommended where a resin of low 
diluent content is desired. 


Epon resins 826, 828 and 830. 
Widely used in casting and potting 
electrical and electronic equipment, in 
wet lay-up laminating and adhesives. 
As the numerical designation of these 
Epon resins increases, so does viscosity 
and reactivity with amines. Reactivity 
with Lewis acids decreases. When 
cured, these three resins exhibit better 
elevated temperature properties than 


Epon resins 815 and 820. 


Epon resins 834 and 836. Designed 
for use in adhesives, wet lay-up lami- 
nating and potting and casting, either 
alone or in combination with other 
Epon resins. 


Epon resin 1001. A solid resin widely 
used for glass reinforced laminates for 
printed circuitry. With suitable curing 


TYPICAL PROPERTIES OF EPON RESINS 





Epon Resin Melting Color?, 25°C Viscosity?, 25°C Epoxide 
Type point’, °C (Gardner) Gardner-Holdt Poises Equivalent? 
Epon 812 Liquid 3 max. C-F 0.9-1.5 140-160 
Epon 815 Liquid 5 max. 5-7 175-195 
Epon 820 Liquid 8 max. 40-100 180-195 
Epon 826 Liquid 5 max. 50-100 175-190 
Epon 828 Liquid 5 max. 100-160 180-195 
Epon 830 Liquid 12 max. 150-225 190-210 
Epon 834 Liquid 5 max. 0-V 4.1-9.7 230-280 
Epon 836 40-45 5 max. A\-B 0.3-0.7 280-350 
Epon 1001 65-75 4 max. D-G 1.0-1.7 425-550 
Epon 1002 75-85 4 max. G-K 1.7-3.0 550-700 
Epon 1004 95-105 4 max. Q-U 4.6-6.6 875-1025 
Epon 1007 125-135 5 max. Y-Z) 18-28 2000-2500 
Epon 1009 145-155 5 max. Zo-Zs 38-100 2500-4000 
Epon 1031 80 4500 at 93° 200-220 





jurrans’ mercury method. 


pon 812, 815, 820, 826, 828, 830 and 1031 on resin as supplied; Epon 834 on 70% wt. solution 
ethylene glycol monobuty! ether; all other types on 40% wt. solution in ethylene glycol mono- 


uty! ether at 25° C. 


rams of resin containing one gram-equivalent of epoxide. 





agents, the preferred resin for dry lay- 
up laminating. Widely used in surface 
coating applications, especially amine- 
cured maintenance coatings. Excellent 
chemical resistance and durability. 


Epon resin 1002. Generally inter- 
changeable with Epon resin 1001. 
Slightly higher melting — improved 


warehouse storage in warm climates. 


Epon resin 1004. Used primarily for 
ester-type surface coating vehicles for 
floor varnishes, metal finishes, indus- 
trial and appliance primers and main- 
tenance paints. Properties include ex- 
cellent flexibility, adhesion, toughness 
and good chemical resistance. Lower 
cost than amine cured epoxy systems. 


Epon resins 1007 and 1009. Gener- 
ally blended with urea-formaldehyde 
and phenol-formaldehyde resins to pro- 
duce bake-type surface coating vehicles 
for tank, drum and can linings, appli- 
ance primers and clear coatings for 
brass hardware, lipstick cases, com- 
pacts, etc. Films have outstanding flex- 
ibility and adhesion, exceptional re- 
sistance to chemicals and solvents. 
Epon resin 1007 also used to formulate 
ester-type vehicles for primers. 


Epon resin 1031. A special high tem- 
perature resistant resin for dry lay-up 
and wet lay-up laminations. Often 
combined with Epon 828. Resists tem- 
peratures in 500° F. range. 

Epon resins 834, 836, 1001, 1007 
are available in solution form for ready 
use in surface coatings and “pre-preg” 
type laminates. 


Here is property and performance data on Shell Chemical’s 





low, medium and high density polyethylene for a wide range 


of fabricating and processing applications 


LOW AND MEDIUM DENSITY RESINS 























l DESIGNATION aa oy | DESCRIPTION 
| 
| FILM EXTRUSION PRODUCTS | | 
RF-1400 |} 17-24 918 | Unmodified resin—very good extrudability, good strength, blocking resistance for 
general purpose packaging. 
RF-1405 Natural ; wa - Be] .918 improved haze and color, and lack of “‘fish-eyes’’ over RF-1400. 
| LF-1421 Natural-7 Ass O86 .922 High clarity, medium impact, unmodified, general purpose packaging. 
| LF-1422 Natural-7 1.7 - 2.6 .922 Same as LF-1421, medium slip, medium impact. Good drawdown for general 
purpose packaging, particularly soft goods. 
LF-1423 Natural-7 | 1.7 - 2.6 .922 Same as LF-1421, with higher slip and very good anti-blocking characteristics. 
} LF-1424 Natural-7 6.0 - 8.0 | 924 High clarity, high slip, good blocking resistance. Very high drawdown for packaging 
dry-cleaned garments, laundered shirts. 
LF-1425 Natural-7 |} 4. 6.0 | .924 Similar properties to LF-1424 Natural but possessing greater impact strength. 
LF-1426 Black-865 | 11- 3.6 .920 Special black compound—excellent weather resistance for use in agriculture and 
other applications where opacity is desired. 
LF-1427 Natural-7 | 1.7 - 2.4 | 918 Same as LF-1428 Natural with anti-oxidant and medium slip. 
LF-1428 Natural-7 | 17-2A 918 Hot processed unmodified RF-1400 with improved clarity. 
LF-1429 Natural 1.1 - 2.4 | 919 Purging compound to exert cleaning action on interior of extruder and die, 
possessing very good heat stability. 
LF-1445 Natural-7 5 8 | .922 Normal slip similar to LF-1421 but containing anti-block and antioxidant additives. 
| LF-1446 Natural-7 5 8 | .922 Very slight slip similar to RF-1400 but containing anti-block and antioxidant 
additives. 
LL - ~ 
EXTRUSION COATING | 
| RC-1401 30-39 | 918 Unmodified resin for general purpose coating. 
LC-1430 Natural-7 3.0 - 3.9 .920 High slip and good anti-blocking for both mat and glossy surface in general 
purpose coating. 
LC-1431 Natural-7 | 3.0 - 3.9 918 Good heat sealability and odor resistance with antioxidant and low slip for genera! 
purpose coating. 
HC-1432 White-47 27-36 | 1.04 Good opacity with antioxidant and low slip for paper coating. 
| CALENDERING FILM 
| LC-1434 Black-45 10-25 | .924 For pressure sensitive tape, pipe wrap. Good electrical, chemical, weathering 
properties. 
| LC-1435 Natural 1.7 - 2.4 | .918 For pressure sensitive tape, pipe wrap. _ 2 
| WIRE and CABLE and EXTRUDED | 
CONTOUR MATERIALS 
MW-1436 Black-9845 2 4 .932 | Jacketing for telephone, power and miscellaneous cables with improved stress crack 
| resistance properties. 
LW-1437 Natural 1.0 - 1.5 .920 Primary insulation for telephone, power, coaxial cables, contour extrusion, generé 
purpose, contains nondiscoloring stabilizer. 
LW-1437 Standard Colors: | Primary insulation—high opacity colors with matched electricals. 
Biack-145, Blue-2115, 
Brown-835, Gray-1335, } 95-16 | .928 
Green-955, Orange-245, | 
Purple-65, Red-445, 
White-845, Yellow-1075 
MW-1443 Black-9845 | 2 4 | .932 Jacketing for telephone, power and miscellaneous cables. 
| MW-1444 Black-9845 BS. £ | .933 Line wire, meets IPCEA requirements with higher molecular weight. 
LW-1438 Black-9955 .95- 1.6 | .923 Primary insulation for infantry field wire. 
MW-1439 Brown-255 | 95- 2.5 .928 Primary insulation for general purpose use, particularly TV wire. 
L MW-1440 Black-9845 [ .95- 2.1 | .933 Line wire, meets IPCEA requirements with improved extrudability. 
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MELT DENSITY 
DESIGNATION INDEX (G/CC) DESCRIPTION 
= 
WIRE and CABLE and EXTRUDED 
CONTOUR MATERIALS (Continued) 
LW-1441 Natural 1.7 - 2.4 .923 Cellular extrusion, general purpose. Density is reduced by extent of expansion. 
LW-1442 Natural -?> .920 Primary insulation for deformation resistant telephone singles. 
LW-1442 Standard Colors: 
Black-45, Blue-1145, Primary insulation—high opacity colors with matched electricals. 
Brown-525, Gray-775, 2 4 .928 
Green-1655, Orange-185, 
Yellow-765 Purple-35, 
Red-605, White-545 
BLOW MOLDING 
RB-1406 5- 9 .920 Unmodified resin with exceptional stress crack resistance. 
LB-1407 Natural-7 1.0 - 1.5 .920 Same as LB-1408 Natural with improved odor resistance. 
LB-1408 Natural-7 1.0 5 .920 Hot processed for blow molding bottles. 
INJECTION MOLDING 
LM-1410 Natural-7 8.0 -10.0 .925 Medium flow, medium density containing a slip agent. 
RM-1401 3.0 - 3.9 918 General purpose resin with improved flow over RM-1400. 
RM-1400 17-24 918 General purpose resin with good stress crack resistance. 
LM-1411 Natural-7 19.0 -27.0 .925 Extra high flow for housewares and other applications requiring improved stiffness. 
LM-1412 Natural 19.0 -27.0 .925 Same as LM-1411 Natural with anti-static properties. 
LM-1413 Natural-7 1.7 - 2.4 .918 Hot processed RM-1400 adaptable to coloring. 
LM-1414 Natural 18.0 -28.0 918 Extra high flow for housewares and other applications. 
LM-1415 Natural-7 19.0 -27.0 .925 Same as LM-1411 Natural with slip. 
LM-1409 Natural-7 8.0 -10.0 .925 Medium flow, good low temperature toughness, fair gloss and resistance to skinning. 
| PIPE MATERIALS 
| NSF Approved Meets CS-197-60 
a Requirements 
MP-1416 Black-4865 2 9 .935 Through proper dispersion of pigment, excellent weathering resistance is achieved. 
| HP-1417 Black-4865 1 35 942 Pipe properly fabricated with this material resists stress cracking, corrosion, low 
| temperature stiffness, and hard water build-up. 
| Non NSF Approved 
| LP-1419 Black-205 95- 3.5 .920 Low density utility grade designed for inexpensive pipe. 
MP-1420 Black-205 5 - 1.5 .936 Medium density material produces glossy finished, high strength, inexpensive pipe. 
Spec. Grav. 
(Av.) 
WAX FORTIFYING RESINS 
RQ-1402 Natural-7 0.89 Designed for hot melt and solution applications to fortify paraffin waxes. 
Low molecular wt. 
RQ-1403 Natural-7 300-500 0.92 Higher density than RQ-1402 which produces tougher coatings. Good adhesion, 
| colorless, tasteless, and grease resistant. 
re 
HIGH DENSITY RESINS 
Si dediliine 
MELT DENSITY 
DESIGNATION INDEX (G/CC) DESCRIPTION 
BLOW MOLDING 
HB-2400 0.25 0.952 Modified for stress crack resistance. For detergent and other containers. 
HB-2401 0.20 0.96 Tough, rigid, good thermal aging, for very large parts. 
HB-2402 0.7 0.96 High impact strength, rigid product for general purpose containers. 
HB-2403 1.0 0.96 Heat resistant, general purpose rigid material, for sterilizable containers. 
| _HB-2404 2.0 0.96 High plasticity, good impact strength, designed for bleach bottles. 
EXTRUSION COMPOUND 
HF-2405 0.20 0.96 For production of monofilaments, tubing, sheets, and contours requiring 
thermoforming ease. 
HF 8 0.2 - 0.3 0.940- For heavy duty fertilizer, produce and seed bags. 
= 0.945 
| INJE. \ON MOLDING 
HM 6 3.5 0.96 Rigid, stress crack resistant product for housewares, toys and containers. 
L_HM 7 5.0 0.96 High gloss, rigid material for trays, tumblers and toys. 
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industry, film and sheeting, elec- 
trical insulation, pipe, coatings, 
filaments, bottles, tubes, and 
other miscellaneous uses. 


Injection molding 


Use of polyethylene has grown 
rapidly in the molding field be- 
cause of its “nonbreakability,” 
flexibility, ease of processing and 
coloring, chemical resistance, and 
low cost. Molding today accounts 
for about 16% of the polyethylene 
produced. 

For injection molding, poly- 
ethylene in pellet form is avail- 
able with melt indices ranging 
from 0.50 to 70. Molders may 
choose a type that best suits their 
requirements for molding per- 
formance and physical proper- 
ties. The high melt index types 
permit molding of large objects 
such as wastebaskets and garbage 
cans, and also offer the additional 
advantages of superior gloss. 
They are also used for such 
smaller, mass-produced products 
as artificial flowers. Lower melt 
index types find use in applica- 
tions requiring greater strength 
and resistance to environmental 
cracking. Improved rigidity and 
better gloss can be obtained with 
an increase in density of the 
polyethylene. 

Over half of the low-density 
material used for molding goes 
into such housewares as bowls, 
buckets, wastebaskets, garbage 
cans, containers, etc. Other large 
outlets for molded low-density 
polyethylene are closures for 
squeeze tubes; spouts for deter- 
gent cans; industrial parts, drums, 
and carboys; and shoe parts. Toys 
alone consume 15% of all poly- 
ethylene sold for molding applica- 
tions, 

Medium-density type materials 
have found many new uses. They 
have improved stiffness and gloss, 
without much sacrifice of flow 
properties, coupled with improved 
1eat resistance. They are already 
being used extensively in house- 
wares, 

The inherent hardness of the 
high-density polyethylenes im- 
parts a surface gloss to molded 
items. This attractive gloss is 

ily obtained even with a rel- 
tively low melt index. 

\ large percentage of the high- 
sity material is currently be- 
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ing injection molded into a wide 
variety of consumer products. The 
most significant volume of injec- 
tion molded items is housewares 
and industrial parts. 

Industrial applications for high- 
density polyethylene are expand- 
ing rapidly. Large carrying cases 
(tote boxes), seat side shields, 
garden tool components, lint 
screens, packages, housings, clos- 
sures, appliance parts, etc., are a 
few of the most promising appli- 
cations. Large parts will, for the 
most part, utilize the higher flow 
types while such items as silver- 
ware baskets, furniture parts, etc., 
will take advantages of the in- 
creased toughness and’ stress 
cracking resistance of the lower 
melt index materials. 

Low-, intermediate-, and high- 
density copolymer materials often 
possess greater low temperature 
and environmental stress crack 
resistance and reduce brittle fail- 
ure problems in load bearing ap- 
plications. Prior to the advent of 
the various copolymer materials 
the molder found it necessary to 
use low-density, low melt index 
resins when an application de- 
manded critical low temperature 
and stress crack properties. This 
of course meant a sacrifice in ri- 
gidity and moldability. The use of 
copolymers in the intermediate 
and high-density range has al- 
lowed increased rigidity in many 
applications without sacrificing 
practical toughness, such as in 
garbage cans, dish pans, and tote 
boxes. 

Other low-density copolymer 
materials have greatly increased 
flexibility, clarity, and fabrication 
ease over conventional low-den- 
sity, high melt index materials. 
The degree of flexibility obtained 
often approaches many of the 
plasticized vinyl formulations. 
These formulations are finding 
usage in toys such as holster sets 
and saddles, place mats, and 
handles. 


Film and sheeting 


To date, more polyethylene has 
gone into film than into any other 
form. Since 1953, more than a 
third of all polyethylene used in 
the U. S. has been converted to 
film. Over 75% of the film pro- 
duced now goes into the packag- 
ing of foods, textiles, soft goods, 


toys, hardware, machinery, and 
chemicals. Industrial packaging, 
e.g., drum and carton liners, and 
polyethylene shipping bags for 
chemicals, foodstuffs, etc., offer 
tremendous markets for poly- 
ethylene film, as do also bread 
wraps and garment bags for dry 
cleaning establishments. Although 
the importance of polyethylene 
film in the packaging industry will 
undoubtedly continue to increase 
to make it one of the largest 
markets for the material, some 
nonpackaging applications are ex- 
pected also to grow rapidly in the 
future. Agricultural and construc- 
tion uses, in particular, are gain- 
ing momentum, 

Polyethylene film is produced 
mainly by extrusion, either from 
a flat die with water or chill-roll 
quenching or by the blown tubing 
method. Some film is produced by 
calendering but the difficulties of 
this process have greatly limited 
its commercial development. Some 
of the new films provide excep- 
tional clarity combined with im- 
proved slip and blocking charac- 
teristics. To obtain improved 
stress crack resistance the user 
may select one of the blends of 
polyethylene with rubber or other 
materials. 

All types of polyethylene film— 
low, medium, and high—are con- 
tending for the various packaging 
and industrial film markets. 

The technique for sheet extru- 
sion is almost identical to that 
used for impact-type styrene 
sheet. Outstanding surface quality 
can be achieved with a flat die 
and a three-high roll stack take- 
off. For example, a combination of 
390° F. stock and 220° F. roll tem- 
peratures produces a high-gloss 
surface which is not lost during 
subsequent forming operations. 

The large-scale use of heavy 
sheeting, however, has been re- 
tarded by the lack of well-devel- 
oped fabrication techniques. As 
the necessary techniques are 
worked out, and sheeting with the 
required properties becomes 
available, a great increase in the 
production of polyethylene objects 
by the thermoforming of heavy 
sheet will occur. 

Polyethylene sheet may be suc- 
cessfully thermoformed on exist- 
ing equipment; however, due to 
the low thermal conductivity of 

























































































































































Polyethylene resins and their uses‘ (Cont'd) 
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olyethylene and high softening 
point, cycle times are longer than 
those used for impact-type poly- 
styrenes. Therefore, to decrease 
this cycle and improve the eco- 
nomics of this process, higher 
heater watt densities are required. 
Special heating techniques, such 
as sandwich heating, are also very 
valuable for fast heating of thick 
sheets. 

The use of ultra-violet inhibi- 
tors increases substantially the 
expected outdoor life of unpig- 
mented polyethylene film and 
molded articles. 


Electrical insulation 

High electrical resistivity and 
good dielectric characteristics, 
particularly at high frequencies, 
have made polyethylene an im- 
portant material in electrical in- 
sulation. About 9% of the poly- 
ethylene now produced is used for 
electrical insulation or jacketing. 
During World War II, nearly all 
the available polyethylene was 
used for insulation in communi- 
cation service, particularly high- 
frequency applications. Poly- 
ethylene is used as an outer 
jacket on power cables, telephone 
lines, television lead-in wire, and 
appliance wire where it serves as 
both insulation and as a protec- 
tive barrier against moisture, 
weathering, and abrasion. Some of 
the higher melt index types are 
also used, usually compounded 
with polyisobutylene or synthetic 
rubber to improve their environ- 
mental crack resistance. Improved 
crack resistance can also be ob- 
tained by the use of low melt 
index grades of resin. When melt 
index gets extremely low, how- 
ever, there may be lower extru- 
sion rates, 

Mention should also be made of 
the use of foamed polyethylene as 
wire coating insulation in the 
electrical field. Though its volume 
of use today is small, the potential 
for this material is very large, if 
it is possible to overcome certain 
technical and production prob- 
lems. 


Pipe 

Polyethylene pipe is finding 
adily increasing acceptance for 
farm, mine, and home uses, pri- 
marily in the transportation of 
c water. It is available in sizes 
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ranging from \% to 6 in. in diame- 
ter. Its principal advantage over 
other plastics and metal pipes is 
its flexibility, which allows 
lengths up to 1500 ft. of 2 in. and 
below in dia. to be coiled for 
shipment. This results in great 
ease of installation. Other advan- 
tages are its immunity to rupture 
through freezing, and complete 
resistance to corrosion. Polyethyl- 
ene pipe is colored black (with 2 
to 3% of finely divided carbon 
black) for protection against 
ultra-violet light. At present, pipe 
accounts for about 5% of the 
polyethylene produced in the 
U. S., and this proportion will 
probably not change greatly in 
the next few years. 

The volume of high-density 
polyethylene being used in the 
pipe field is increasing rapidly. 
New high-density resins have 
been made available that are 
equivalent to low-density in serv- 
ice life and are considerably 
lighter in weight (savings of 30 
to 40% in weight can be realized 
since the high-density materials 
can withstand the same pressures 
as low-density with reduced wall 
thicknesses). The high-density 
pipe is thus competing seriously 
with the more flexible materials 
in present applications. 

A common method of joining 
high-density polyethylene pipe is 
by insert fittings and clamps. Butt 
welding has been shown to be an 
excellent method for joining the 
semirigid, high-density pipe. 
Standard threaded fittings may 
also be used in certain applica- 
tions where very low pressures 
are involved, but in general this 
method is not recommended, since 
it increases danger of cracking. 
High-density polyethylene pipe 
will find use in many low-pres- 
sure applications in chemical 
processes, food processing plants, 
electrical conduit systems in cor- 
rosive areas, etc. 


Coatings 


Of the various methods of coat- 
ing other materials with poly- 
ethylene, only extrusion-coating 
is of commercial importance at 
present. In this process, a very 
thin film of polyethylene is ex- 
truded directly onto a moving web 
of paper, aluminum foil, or other 
sheet material. About 4% of the 














polyethylene consumed in the 
U. S. goes into extrusion-coating 
applications. The great bulk of 
this is extruded onto paper for 
multiwall bags, wrapping and lin- 
ing papers, and pouch bags. 
Coated aluminum foil is heat- 
sealable, and provides a package 
which is absolutely waterproof. 
Cellophane and polyester film 
coated with polyethylene are 
finding increasing acceptance for 
packaging applications requiring 
greater strength, impermeability, 
or heat resistance than would be 
provided by polyethylene alone. 
Fabrics are extrusion-coated with 
polyethylene to render them wa- 
terproof, or better able to retain 
finely powdered materials. Non- 
woven mats of cellulose fibers are 
coated to produce disposable baby 
diapers and hospital sheets. A 
probable large future application 
is the coating of board stock for 
milk cartons and similar con- 
tainers. 

To all these combinations, low- 
density polyethylene contributes 
wear resistance, heat-sealability, 
form retention, and moisture re- 
sistance. 

Until recently, the use of 
high-density polyethylene for ex- 
trusion-coating was extremely 
limited. Modification of the resin 
itself was necessary in order to 
make it economically practical for 
use in existing coating equipment. 

Polymer research has devel- 
oped successful high-density 
polyethylene for extrusion-coat- 
ing. High-density is currently 
finding some acceptance because 
of its superior impermeability at 
low coating weights. The newer 
resins can be extruded at econom- 
ical coating speeds. 

Medium-density polyethylene 
resins are finding large-scale 
usage in the extrusion-coating 
of paper and films. The improved 
permeability resistance of a 
medium-density resin makes it 
a natural for this application. 

Metal surfaces can be coated 
with a heavy layer of polyethyl- 
ene by flame spraying. A fluid- 
ized-bed technique is used to 
coat small, irregularly-shaped 
metal objects, using heated metal 
surfaces and applying air-sus- 
pended powdered polyethylene 
by a sintering process, 

More recently, powdered poly- 
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ethylenes have been made avail- 
able also for coating textiles, 
paper, glass, and wire. 


Filaments, bottles, and tubes 


The filament market is rela- 
tively small for low-density 
polyethylene, and complete dis- 
placement by higher density 
materials can be expected, to- 
gether with rapid growth in total 
use. Filaments produced from 
high-density polymers can be 
oriented by stretching 800 to 
1000% and have shown tensile 
strengths comparable to the best 
synthetic fibers, with excellent 
abrasion resistance. The combina- 
tion of low cost, high-tensile, good 
chemical inertness, and good heat 
resistance are of real value in 
cordage, fish nets, filter cloths, 
upholstery, and the like. 

The reduced creep under static 
load of the more highly oriented 
forms of the new copolymer ma- 
terials have resulted in their use 
for rope and monofilaments. 

Polyethylene can be blow 


molded into bottles for cosmetics, 
drugs, foodstuffs, and chemicals, 
and has had particular success in 
baby bottles. In this field, poly- 
ethylene has gained great popu- 


larity because of low cost, resist- 
ance to breakage and corrosion, 
“squeeze” flexibility, and sales ap- 
peal. In the blow molding process, 
an extruded tube is formed to 
shape in a mold by air pressure. 

Special polyethylenes have been 
developed to meet the particular 
flow requirements of various cus- 
tom processes. In some packaging 
applications, the use of polyethyl- 
ene alone has been restricted by 
the diffusion of essential oils and 
other volatile substances through 
the wall of the container. How- 
ever, this limitation has been re- 
duced by the use of coatings. 
Coated polyethylene packages of- 
fer perhaps the most promising 
growth prospects for the area of 
bottles, tubes, and cans. 

Large shipping containers and 
carboys of polyethylene (blow 
molded and injection molded) are 
gaining increased shares of the 
industrial container market. 

High-density polyethylene can 
be processed in conventional 
equipment in accordance with the 
usual procedures for making bot- 
tles of low-density polyethylene. 


For many applications, the in- 
creased rigidity and heat resist- 
ance will outweigh the reduced 
flexibility. “Squeeze bottles” can 
be made by designing plane or 
slightly curved faces which will 
display an “oil-can” action. 

High-density polyethylene and 
some polyethylene copolymers in 
the blow molding field are ex- 
panding very rapidly, especially 
in the household chemicals field, 
due to the low permeability of 
these materials. Polyethylene has 
replaced other materials to a great 
extent for the packaging of liquid 
detergents, because of design pos- 
sibilities, resistance to denting and 
marring, non-rusting, and the 
long-range economy of producing 
blow molded polyethylene con- 
tainers. The estimated consump- 
tion in 1960 for liquid detergent 
containers was 30,000,000 pounds. 
Other household chemicals may 
well be packaged in polyethylene 
in the near future; for example, 
liquid starch, liquid bleach, and 
polishes. 


Miscellaneous uses 


There are a number of minor 
applications for polyethylene 
which, in total, account for an im- 
pressive quantity of material. 
Thick compression molded slabs 
are used in the shielding of nu- 
clear reactors. Thinner sheets are 
used in the construction of tanks, 
tank linings, and many types of 
chemical process equipment. 
Small-diameter tubing is used in 
aerosol dispenser cans, automobile 
battery separators, etc. 

Other uses for polyethylene in- 
clude potting delicate electrical 
mechanisms. The low-molecular- 
weight polyethylenes are used in 
emulsions, wax blends, and in 
rubber processing. 

High-density polyethylene is 
continually expanding its number 
of applications in the automotive 
field. It is currently being used in 
the molding of seat side shields 
and spring leaf inserts for Ford 
automobiles. With successful re- 
sults at Ford, these applications 
could well be adopted by other 
auto manufacturers. High-density 
is also being used in blow mold- 
ing of ducts, vents, and shrouds; 
there are indications of further 
expansion in this area. In Europe, 
considerable work has been done 


with the blow molding of various 
industrial and agricultural parts. 

Powdered polyethylene can be 
easily fused in ovens to form hol- 
low articles of large size in in- 
expensive molds by a special 
process; powdered PE can also be 
rotationally molded. 
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Pie is the first and 
most important polymer to be 
commercially developed by ster- 
eo-selective catalysis. The fore- 
runner of this technique was the 
Ziegler catalyst system for poly- 
merizing linear polyethylene. By 
operating at low pressures and 
with organometallic catalysts, 
such as titanium tetrachloride and 
triethyl aluminum, Karl Ziegler in 
Germany obtained high molecular 
weight polyethylene with little 
side branching. 

This synthesis formed the basis 
for further work by scientists in 
the U. S., Italy, and England in 
developing stereospecific processes 
to polymerize alpha olefins. Of all 
the alpha olefin polymers that are 
possible from this work, poly- 
propylene appears to be the most 
attractive for current commercial 
development, due to availability 
of low-cost propylene and the su- 
perior physical properties of the 
polymer. Also, these alpha olefin 
crystalline polymers possess an 
isotactic structure. The factors 
which determine the physical and 
mechanical properties of poly- 
propylene are 1) isotacticity in- 
dex, 2) average molecular weight, 
and 3) molecular weight distri- 
bution. The relationships are as 
follows: 

A) Flexural elastic modulus 
(flexural stiffness) increases with 
an increase in isotatic index and 
a decrease in molecular weight. 

B) An increasing linear rela- 
tionship exists between surface 
hardness and isotactic index. 

C) Abrasion resistance in- 
creases with an increase in iso- 
tactic index. 

D) Impact resistance increases 
with an increase in molecular 
weight and decreases with an in- 
crease in isotactic index. Impact 
resistance at -—10° C. is _ nil, 
whereas at higher temperatures 
the impact resistance of polypro- 
pylene is as good as high impact 
polystyrene. Slow cooling of the 
melt results in a lower impact re- 
sistance than that obtained when 
the molten polymer is quickly 
chilled in cold water. 


*Avison Corp., Philadelphia, Pa. 
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E) Resistance to a shear stress 
decreases linearly with decreas- 
ing molecular weight and in- 
creases with increasing isotactic 
index. 

F) Increasing isotatic index af- 
fects the heat resistance of poly- 


propylene markedly. Material 
with an isotactic index of 70% 
has a melting point of 70° C., 
and one with an isotactic index of 
95% has a melting point of 95° 
C. The relationship is nearly lin- 
ear between these two points. 

G) Solvent resistance of poly- 
propylene increases with increas- 
ing isotacticity. Generally speak- 
ing, solvent action is less in highly 
crystalline structures where the 
inter-molecular forces are strong. 

H) The tensile strength of poly- 
propylene increases with isotactic 
index. During the testing process, 
polypropylene deforms up to its 
elastic limit, beyond which a 
plastic deformation occurs that is 
irreversible, and continues to the 
break point. 

I) Lower molecular weight 
polymers of polypropylene have 
limited total elongations of less 
than 100%, whereas higher mo- 
lecular weight polymers can be 
stretched as much as 900 percent. 
Conversely, increasing isotacticity 
gives higher elongations, and 
breakage strength is increased. 

Properties not affected by mo- 
lecular weight distribution and 
isotactic index include electrical 
properties, weathering resistance, 
environmental stress cracking (ir- 
respective of isotactic index, poly- 
propylene does not stress crack), 
and gas permeability. 


Properties 


Polypropylene is attractive to 
the fabricator and to the designer 
because of a combination of de- 
sirable properties at a low cost. 

The outstanding physical prop- 
erties of polypropylene are: 

Heat resistance: Molded poly- 
propylene articles will withstand 
boiling and autoclaving. In addi- 
tion, a useful strength level is 
maintained at elevated tempera- 
tures. 

Chemical resistance: High sur- 
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face hardness, chemical inertness, 
and low permeability make poly- 
propylene resistant to attack by 
most reactive chemicals. 

Dimensional stability: Although 
shrinkage can occur, molding 
techniques can control it and 
parts need not be designed off- 
size to compensate for post-mold 
shrinkage. 

Specific gravity: The low den- 
sity of polypropylene means that 
more space can be filled or cov- 
ered by a given weight of the ma- 
terial than by an equal weight of 
any other plastic. A further 
weight-saving is inherent in the 
excellent strength-to-weight ra- 
tio of polypropylene parts. 

Appearance: Polypropylene re- 
produces mold detail with unusual 
fidelity. Consequently, high gloss 
articles can be made from poly- 
propylene when highly polished 
molds are used. And resilience 
contributes to good scratch-re- 
sistance, so the “just molded” 
look of the finished piece is main- 
tained longer. 

Hinge: Several properties of 
polypropylene contribute to flex 
life, and therefore to the use of 
integral hinges in molded and 
extruded parts: 

a) High crystallinity which 
provides, especially in oriented 
areas, high strength in very thin 
sections; b) the inherent high 
elongation of the polymer; and 
c) the resistance of the polymer 
to stress cracking. 


Film 


Of the three major methods 
for making polypropylene film— 
blown, water, and chill roll— 
most work so far has centered 
around the chill roll or extru- 
sion-casting technique. Work thus 
far indicates that a better balance 
of properties can be maintained 
by this method in both transverse 
and machine directions. In pro- 
duction, the material is extruded 
at 500 to 550° F., and the chill 
roll temperature is in the 70 to 
80° F. range. 

Polypropylene film has a rela- 
tively wide heat-seal range—280 
to 500° F.—although normally 





somewhere between 350 and 425° 
is the optimum temperature for 
fast, effective sealing. 


Film uses 


Almost all of the two million 
lb. of polypropylene film made in 
the U.S. in 1960 was used for 
bread wrapping. The film is excel- 
lent for this use because of clarity 
and gloss properties as well as 
moisture vapor protection. Fur- 
thermore, polypropylene film den- 
sity of 0.89 g./cc. provides a high 
sq. in./lb. yield. Tensile strength 
of polypropylene film is around 
7000 p.s.i. and modulus of elas- 
ticity is around 100,000 p.s.i. 

The potential market for bread- 
wrap polyolefin film is estimated 
to be 350 million lb./year. In 
1961, the consumption of poly- 
propylene film is expected to be 
3 to 4 million pounds. This means 
that only 1% of this potential 
market will have been penetrated 
by polypropylene. Even so, there 
seems little doubt that polypro- 
pylene film can capture a major 
portion of the bread-wrap mar- 
ket. 


Other applications 

Indicative of polypropylene’s 
potential in market areas other 
than packaging films is this cap- 
sule summary of five of the more 
recent application developments. 

1) Television cabinets require 
Underwriter Laboratory approval 
of the material’s heat resistance 
before they can be marketed to 
the U.S. public. Not only must 
they pass a heat test, but also the 
impact strength of the material 
needs to be at a certain accept- 
able level. There are only three 
low-cost thermoplastic materials 
available for this application— 
high-density polyethylene, high 
impact polystyrene, and poly- 
propylene. Polypropylene has a 
heat deformation threshold which 
is about 70° higher than high- 
density polyethylene or high im- 
pact polystyrene. The non-polar- 
ity of polypropylene gives it 
excellent electrical insulating 
characteristics. 

2) In order to meet the demand 
for lightweight luggage, the de- 
signer looks for a plastic material 
that has the lightest weight but 
still maintains a high level of 
structural strength. These two 
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factors are important, but equally 
so is the ease with which the plas- 
tic material can be processed. Be- 
cause of its high crystallinity, 
polypropylene will reproduce de- 
tail faithfully, and therefore tex- 
tured surfaces can be readily ac- 
complished. Because of these 
combinations, polypropylene was 
picked by a major manufacturer 
for a recently introduced line of 
traveling luggage. 

3) Due to its fidelity in repro- 
ducing mold detail and also its 
superior heat resistance, poly- 
propylene should be considered 
for vacuum formed disposable 
hospital-ware where sterilizing 
and autoclaving are required. 
Polypropylene was recently se- 
lected, for example, for use in a 
delicate heart pumping apparatus 
on a heart-lung machine. 

4) The hinge effect of poly- 
propylene, mentioned above, is of 
special interest to the package 
design engineer. This allows parts 
molded of polypropylene to have 
a snap-on closure, lid, or cover 
with a molded-in hinge which can 
be flexed over one million times 
without failure. 

5) Most plastic materials either 
have high tensile strength and 
low elongation, or low tensile 
strength and high elongation. 
Polypropylene has both high ten- 
sile strength and high elongation. 
These two properties in combina- 
tion make it an ideal material for 
rope and hawser use. A rope of 
polypropylene’ will withstand 
heavy loads and also be able to 
survive sudden jerks which would 
be likely to snap a more brittle 
material. 


Injection molding 


Polypropylene can be made into 
end products by any of the well- 
known processing techniques— 
injection molding, extrusion, ther- 
moforming, etc. 

In injection molding, the poly- 
mer is easiest handled at moder- 
ate pressures and ram _ speeds. 
Cylinder temperatures can range 
from 400 to 600° F. and mold tem- 
peratures should be 150° F. or 
higher to obtain the best surface 
finish on the molded part. The 
characteristic high flow of poly- 
propylene during molding and its 
resistance to warpage after mold- 
ing are two of the properties 


which make possible cycles as 
short as or shorter than those 
necessary for other thermoplastics. 


Mold design 


Sprue: The sprue should be of 
ample size to feed the runners 
and cavities, but small enough to 
hold scrap to a minimum. The 
sprue must be tapered toward the 
nozzle to facilitate ejection, and 
passages should be unpolished to 
keep the cold skin from entering 
the cavity. 

Runners: Three basic shapes of 
runners may be employed for 
polypropylene: a) full round, b) 
half round, and c) trapezoidal. 
Full round runners are preferred, 
but require cutting both halves 
of the mold. If this is impractical, 
trapezoidal runners are the next 
best choice. 

Gates: Straight, tunnel, subma- 
rine, tab, and flare gates can be 
used for molding polypropylene 
and they may be round or trape- 
zoidal in shape. Gate choice is 
usually governed by the part ge- 
ometry and gate location. Land 
lengths should be kept to a mini- 
mum to avoid excessive pressure 
drop. In large parts, which are 
prone to warpage, the gate should 
be as large as the wall thickness. 


The number of blow molding 
shops expanded from seven in 
1957 to 200 in 1960. Further in- 
crease in the number is expected 
to bring the total to about 1000 
in 1965 or about equal to the 
number of injection molders in 
the United States. Polyolefin 
consumption will increase at 
about the same rate. In 1960, 50 
million lb. of polyolefins were 
used for blow molding applica- 
tions; by 1965 this is expected to 
increase to 250 million lb./year. 

In 1961, it is expected poly- 
propylene consumption will be 3 
million lb. for blow molding ap- 
plications, and by 1965 consump- 
tion should increase to 30 to 40 
million Ib./year. 


Extrusion coating 
Polyolefin 


consumption for 
coating applications amounted to 
75 million Ib. in 1960. Initial sales 
of polypropylene in 1960 for coat- 
ing applications amounted to less 
than 1 million Ib.; over 2 million 
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MONOFILAMENTS for rope, bristles, or fabric loom as immediate major HOSPITAL-WARE applications include 
market for polypropylene; estimates are for 15 million lb./year by 1961 this blow molded jug 


TELEVISION BACKS molded of 
polypropylene appear on practi- 
cally every major 1961 portable 
TV line (the Motorola model is at 
left). High heat resistance, impact 
strength, and cost were major rea- 
sons for use of the material 


, MOLDED-IN integral hinges 
H} E that could be flexed repeatedly 
WHI without snapping showed up in 
a number of recent polypro- 
pylene applications. © Carrying 
case for electric shaver (below) 

was one such example 


ONE OF THE FIRST thermoformed polypropylene ap- 
plications to hit the market, this tough, lightweight 
tz bath has proved of value in hospital and home 
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lb. are expected to be used in 
1961. Polypropylene provides a 
number of advantages: 1) high 
yield, 2) high stiffness and 
strength, 3) good appearance, 4) 
oil and grease resistance, 5) high 
heat resistance, 6) high surface 
hardness and abrasion resistance, 
and 7) low moisture vapor trans- 
mission rate. 

There are in the United States 
50 extrusion coating shops where 
polyolefins are used to coat pa- 
per and paperboard. Some of 
these already have sampled poly- 
propylene in their equipment, and 
have found it necessary to modify 
their extrusion techniques when 
processing the material. 

In order to obtain surge-free 
extrusion at commercial laminat- 
ing speeds, cylinder temperatures, 
extruder L/D ratio, die design, 
die position, chill roll tempera- 
tures, and polymer melt index and 
density should be judiciously se- 
lected. Best results have been ob- 
tained in extruders of greater 
than 20:1 L/D ratio using coat- 
hanger type dies with extended 
jaws. Elevated chill roll tempera- 
ture (160° F.) aids adhesion, but 
makes the resultant laminate 
curl, so that extruding into the 
nip with as little increase in chill 
roll temperature as_ possible 
seems to be the best compromise. 
The highest take-off speeds (150 
to 200 f.p.m.) are obtained with 
polypropylene resins in the lower 
melt index ranges. 

By commercial standards this 
is a low coating rate and further 
work in perfecting extrusion lam- 
ination technique is needed. 


Fiber and filament 


The potential uses for poly- 
propylene staple fiber and fila- 
ment yarns in the textile market 
are many and varied. 

The polypropylene staple fiber 
market will amount to about 2 
million Ib. in 1961; the filament 
yarn market will be about 2 mil- 
lion pounds, Staple fiber end-use 
markets for polypropylene are 
for underwear, socks, linings, 
work gloves, carpets, blankets, 
and sweaters. Filament yarn end- 
use markets of polypropylene are 
in outerwear, upholstery, drapes, 
and slipcovers. 

Besides the textile fiber and 
filament market, heavier gage fil- 
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aments are used to make rope, 
bristles, seat coverings, and web- 
bing. This market should amount 
to 15 million Ib. in 1961. 


Pipe and sheet 


Polypropylene pipe and poly- 
propylene sheet are in the same 
stage of early marketing. Each 
application will consume slightly 
more than 1 million lb. of mate- 
rial in 1961. 


Machining 


The machinability of polypro- 
pylene is similar to free-cutting 
nylon or Teflon. It may be turned, 
milled, shaped, drilled, threaded, 
tapped, sawed, or bored with con- 
ventional shop equipment. 

Where excessive heat is apt to 
occur, the use of a coolant will 
reduce the possibility of poly- 
propylene tightening up on the 
tool. 


Dry coloring 

A vast number of injection 
molders dry color their material, 
and some of the mechanical vari- 
ables which effect good pigment 
dispersion were recently evalu- 
ated. The results were found to 
be as follows: 

1) Gating: Round double mid- 
dle gates, round center gates, and 
rectangular double edge gates 
were compared in a tray mold. 
Middle gating was superior to 
edge gating for dispersion. Of the 
three, center gating gave the poor- 
est results. 

Decreasing gate size improved 
the colorant dispersion for each 
gate location to the same extent, 
middle gating remaining the best. 

2) Nozzles: Four were used: a 
conventional breaker plate, an 
IMS dispersion plate, a Ferro 
Venturi—divided into separate 
halves—and a combination of the 
conventional breaker plate and 
half of the Venturi plate. The 
Ferro Venturi and the modified 
Venturi provided excellent re- 
sults. 

3) Melt index: Low melt index 
(0.2-0.5) polypropylene gives bet- 
ter colorant dispersion than high 
melt index material (2.8-4.4). 

4) Molding conditions: Increas- 
ing ram speed and/or booster time 
improves colorant dispersion of 
pigment. Also, high injection 
pressures and low dwell times 


produce best results. Increasing 
injection time decreases disper- 
sion of pigment, however. 


Printing on polypropylene 


Polypropylene film is prepared 
for printing by partially oxidiz- 
ing the surface layer of the film 
by flame or electrostatic treaters. 
The same inks can be used with 
polypropylene that are used with 
polyethylene. Polyamide inks, at 
present, seem to be best. 

Slip and anti-block level can 
be adjusted during resin manu- 
facture to the amount required 
to fit the application. For packag- 
ing machine use, slip level is im- 
portant in that too much slip will 
result in poor feeding due to ex- 
cessive slippage on the pushing 
parts whereas too little slip will 
cause buckling of the film. Since 
polypropylene film tends to be 
firm rather than limp, the slip 
level is not as critical as it is for 
polyethylene film. 

The clarity, strength, machin- 
ability, dimensional stability, ag- 
ing qualities, moisture resistance, 
and gas barrier properties of poly- 
propylene film make it a “natural” 
for packaging uses. 
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duetion facilities and the technical guidance to help every processor pinpoint his needs for the best 


results. Ask your Diamond field representative how to get the most from Diamond: its vinyls, its 
technical staff, its experience. Diamond Alkali Company, 


300 Union Commerce Building, Cleveland 14, Ohio. ® Diamond Chemicals 
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A number of rigid and elastomeric compounds are also available for specific applications. 


A FACET OF DIAMOND INGENUITY 


Processors who know plasties prefer Diamond PVC Resins for footwear 


Smart men 
They ki 


economy 


Smart women. Hep kids. 
iow value. These days many choose 
hoes that stand up under hard 
ust hoes with vinyl soles and heels 
incl vinyl-coated fabric construction 

Man pl istic processors who sell to shoe 


Resin 


DiaAmMonp dispersion resins like PVC-70 (for 


manufacturers go for DIAMOND PV( 


coating uppers and linings and for water- 


proof and casual footwear) and Diamonp 
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in themselves! Unmatched in processing 
characteristics unequaled in end-result 


properties because DIAMOND controls 


uniformity of characteristics every step of 


the way—from the basic materials up! 
Controlled performance is assured. 
Diamond Alkali works on the frontiers 
of PVC resin development, assuring greater 
reliability in application—to more and 
more products. Like yours. For details, write 
DIAMOND ALKALI Company, Cleveland 14, O. 
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A FACET OF DIAMOND INGENUITY 


One of man’s newest allies in cancer surgery 
...and Diamond PVC-500 helped make it possible 


Surgeons call it an “Oxygenator for 
mal Perfusion.” It acts as the 
it’s lungs and heart, reroutes the 
| stream to prevent diseased cells 
spreading, permits isolation and 
ion of the cancerous area for 
Evervthing but the motor is 
ible after the operation. There 
hazardous sterilizing problem. 
; new and exciting surgical aid 
product of Travenol Laborato- 


ne., Morton Grove, Illinois. It 


is made of Diamond PVC-500 resin. 

Diamond PVC-500 was chosen for 
this use because of its processing char- 
acteristics, purity, and uniformity. 
Diamond controls uniformity every 
step of the way — from the ground up. 

Diamond knows exactly what's in 
every pound of resin, because Dia- 
mond put it there. That’s why no one 


else in the vinyl field can assure more 


superior resin controlled performance. 


Diamond Alkali works on the fron- 


tiers of PVC resin development, assur- 
ing greater reliability in application — 
to more and more products. Like 
vours. For details, write Diamond 
Alkali Company, Cleveland 14, Ohio. 
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Next best thing to a 
soft, spring rain... 


This new hose waters gently. It breathe 


moisture through its foam-vinyl walls 


It’s a soaker, or a sprayet depending 
ipon the user’s own regulation of water 
pressure at the faucet. And the hose is so 
durable, it can be buried underground for 


fixed installation, without deterioration 


Shuford Mills, Inc., Hickory, North Caro- 
ina, makes this unique “Soak-n-Sp 


pray 
hose * of Diamond PVC-450 resin 


Diamond PVC resins are unmatche 

processing characteristics. Unequaled in 
end-result properties because Diamond 
controls uniformity of characteristics every 


step of the way—from the ground up 


Diamond knows exactly what’s in 
pound of resin because Diamond 
there. No one else gets in the act. That 
no one else in the viny!] field can assuré 
resi nr 1 performar than Dia 
Diamond Alkali works on the front 
PVC resin development, assuring ¢ 
reliability in application—to more and 
more products. Like yours. For details 
write Diamond Alkali ¢ ompany, 300 U nio1 
Commerce Building, Cleveland 14 hi 
*I S. Pa 

PVC RESINS FOR CALENDEFRING 
EXTRUSION + COATING * MOLDING 


oD. 


Diamond 
Chemicals 















Sone 20 alpha-amino acids are 
known to be constituents of 
proteins; hence there are that 
many possible monomers. The al- 
pha-amino and adjacent carboxyl 
groups form the backbone of the 
polymers. The other groups form 
the side chains; these groups 
include amino, amide, carboxy, 
aliphatic hydroxy, phenolic, 
guanidyl, indole, imidazole, thiol, 
and disulfide. They are apparently 
spaced regularly along the chains 
and vary greatly in amounts in the 
different proteins. These are the 
reactive parts of protein molecules 
and are responsible for funda- 
mental differences between pro- 
teins and for the extreme com- 
plexity of these natural polyam- 
ides. 

The fibrous proteins (keratins, 
such as horn, tortoise shell, hoofs, 
claws, hair, and feathers) resist 
solution and deformation by heat. 
The globular proteins (casein, 
soybean, and zein) readily dis- 
solve and are thermoplastic. 

Potentially low-cost proteins 
include soybean, zein, peanut 
protein, and keratins. Molding 
powders can be made from the 
reaction product of keratin-con- 
taining horn powder, urea, and 
formaldehyde. Peanut protein is 
suitable for glue. Soybean and 
peanut are used as extenders of 
phenolic resin in plywood. 


ZEIN 


By D. M. RATHMANN* 





Zein, a product of the corn wet- 
milling industry, belongs to the 
class of aqueous alcohol-soluble 
proteins known as prolamines. Al- 
though first isolated from corn in 
1821, zein did not become commer- 
cially available until 1939, Appli- 
cations are based on its solubility 
in organic solvents and its film- 
and fiber-forming characteristics. 
In 1958 a partially deamidated 
zein, soluble in weak aqueous al- 
kalies as well as aqueous alcohols, 
became commercially available. 
Like all proteins, zein is a natu- 
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PLASTICS: ZEIN, CASEIN 


Protein plastics: zein, casein 


rally-occurring 
composed of amino acid groups 
united by peptide linkages. The 
high proportion of amide and non- 
polar side chains accounts for its 
solubility in many organic sol- 
vents. 


high polymer 


Processing and fabricating 


Solutions of zein in organic sol- 
vents or aqueous systems are 
adaptable to a wide range of coat- 
ing, film, fiber, and ink applica- 
tions. As a general rule, a solvent 
for zein must contain at least one 
functional group of the hydroxyl, 
carboxyl, amide, or amine type. 
Zein is also soluble in the lower 
aqueous alcohols and lower gly- 
cols and glycol-ethers. 

Secondary solvents, which will 
not dissolve zein but which en- 
hance its solubility in a primary 
solvent, include lower ketones, 
aliphatic esters, chlorinated hydro- 
carbons, and the higher glycol- 
ethers. These materials are par- 
ticularly useful because they per- 
mit modification of such properties 
of zein solutions as evaporation 
rate or viscosity. They also pro- 
mote compatibility with various 
resins and plasticizers. Alcoholic 
solutions of zein tolerate limited 
amounts of diluents such as tolu- 
ene and benzene, and moderate 
amounts of water. 

Although zein is insoluble in 
water, it is readily soluble in di- 
lute aqueous solutions of strong 
alkalies at a pH above 9.5, but not 
in concentrated solutions of these 
alkalies. Weak alkalies such as 
ammonia and borax do not solu- 
bilize zein. Deamidated zein is dis- 
solved by both weak and strong 
alkalies at pH 7.0 and higher. 

Useful aqueous systems of zein 
are prepared with ammonium or 
sodium resinates, or various syn- 
thetic detergents, such as the 
sodium alkyl aryl sulfonates. 
Methods have also been developed 
for the preparation of high solids 
emulsions containing resin, plas- 
ticizer, and zein. 

Plasticizers for zein compositions 
include higher glycols, sulfonam- 
ides, fatty acids, amides, esters, 
and amines. 


Fusion resins are made by 
blending zein with natural or syn- 
thetic resins and plasticizers. As 
in the case of solvents and plas- 
ticizers, resins containing highly 
polar groups and a proper balance 
between polar groups and hydro- 
carbon residues are fully compat- 
ible with zein. Particularly useful 
are rosin, modified rosins (e.g., 
polymerized, hydrogenated, or di- 
basic acid modified rosin) , terpene- 
phenolic resins, and alpha-pinene 
resins, Many materials that may 
be classified as incompatible have 
been incorporated into zein sys- 
tems by the use of mutual solvents, 
plasticizers, and resins. 

Mixtures containing 80 parts of 
either zein or deamidated zein and 
20 parts of a bisphenol-A epoxy 
resin are suitable for coating ap- 
plications. Films cast from this 
mixture can be baked and cured 
at 150° C. for 30 min. or 200° C. 
for 10 minutes. The resultant films 
are resistant to solvents, boiling 
water and acids, have strong ad- 
hesion to glass and metal, and have 
excellent flexibility and toughness. 

Increased tensile strength, 
greater toughness, and higher 
water resistance are imparted to 





General properties of zein 





Molecular weight about 25,000 
Specific gravity 

(at 25° C.) 1.25 
Isoelectric point 6.2 
Dielectric constant 4.9-5.0 
Decomposition point 

(* C) 180-200 





zein compositions by curing with 
formaldehyde. Because few pri- 
mary amino groups occur in the 
zein molecule, reaction with for- 
maldehyde proceeds at a slower 
rate than is the case with proteins 
containing these groups. Curing is 
accelerated by catalysts (strong 
mineral acids or their ammonium 
salts) or by heat above 70° C. 


Properties 


Zein and deamidated zein are 
the only industrially available pro- 
teins soluble in organic solvents; 
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this property gives these mate- 
rials many fields of application not 
open to other proteins. Zein and 
deamidated zein are compatible 
with a wide range of natural and 
synthetic resins and plasticizers. 
In addition, zein is soluble in di- 
lute aqueous solutions of strong 
alkalies, and is dispersed by vari- 
ous resinates and synthetic deter- 
gents. Deamidated zein is also 
soluble in aqueous solutions of 
weak alkalies. 

Unlike most other proteins, zein 
is highly resistant to microbial at- 
tack. Films and coatings are tough, 
glossy, scuff-resistant, and grease- 
proof. Fibers have wool-like prop- 
erties, high tensile strength, and 
notable resistance to acids, alka- 
lies, and organic solvents. 


Applications 


Composition cork is produced by 
mixing cork granules with a solu- 
tion of zein and formaldehyde in 
a glycol-type solvent. By applica- 
tion of pressure and heat, the zein 
is cured and set to a water-resist- 
ant binder. This composition cork 
is suitable for use in gasket sheets 
and bottle cap liners. It has excel- 
lent flexibility, compressibility, 
and resistance to water, oil, and 
microorganisms, and does not im- 
part any taste to beverages with 
which it is in contact. 

Alcoholic solutions of zein and a 
compatible resin are particularly 
adapted to use as label and over- 
print varnishes which are tough, 
glossy, and scuff-resistant. 

Highly  grease-resistant and 
grease-proof coatings can be ap- 
plied to paper and paperboard 
from solutions of either zein or de- 
amidated zein. Suitable coating 
mixtures are organic solvent solu- 
tions of zein, resin soap solutions 
of either zein or deamidated zein, 
or weak alkali solutions of deami- 
dated zein. 

Zein or zein-resin mixtures dis- 
solved in alcohol or glycol are ex- 
cellent vehicles for flexographic 
and moisture- or heat-set inks to 
which zein imparts the desirable 
characteristics of rapid solvent re- 
lease, hot and cold scuff-resist- 
ance, hardness, and excellent pig- 
ment binding. The stability of 
alcohol-based flexographic inks is 
greatly improved by addition of 
wetting agents to the zein vehicles 
before pigment milling. These inks 
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show noteworthy resistance to pre- 
cipitation by absorption of mois- 
ture from the air. Deamidated zein 
dispersed in water by ammonia 
with a suitable resin is gaining 
wide acceptance as a vehicle for 
water-based inks. 

Fusion resins, made by blending 
zein with resins and plasticizers, 
may be pelletized or ground to 
powders and dissolved in solvents 
to give coating solutions, or mixed 
with fillers to form molding pow- 
ders. 


CASEIN 


Formaldehyde-hardened casein 
plastics were developed in Europe 
and their manufacture began there 
about 1900. Commercial develop- 
ment in this country did not get 
under way until after the original 
patents had expired. The basic 
patents covering the production of 
a tough, insoluble horn-like mass 
from casein by the action upon it 
of formaldehyde were taken out 
by Krische and Spitteler, in 1900. 

Formaldehyde is the only agent 
which has as yet been economi- 
cally successful in transforming 
casein into usable plastics. It is 
more accurate, therefore, to use 
the term casein-formaldehyde 
plastics. Reaction with formalde- 
hyde undoubtedly takes place 
through the polyamide groups and 
results in production of a cross- 
linked polymer. 

Casein also reacts with alumi- 
num salts in water solution to pro- 
duce a stiffer, more stable material 
than casein itself. The casein-alum, 
unlike the casein-formaldehyde, is 
thermoplastic, hence may be ex- 
truded or molded with heat and 
pressure. Immersion in water 
breaks down the complex, leaches 
out the alum, and leaves the origi- 
nal casein. 

Casein can be modified by acetic, 
propionic, and n-butyric anhy- 
drides to produce derivatives that 
can be molded into articles having 
greater resistance to water. How- 
ever, this reduction in water up- 
take is not entirely beneficial, since 
it is accompanied by a decrease in 
the strength of molded casein 
articles. 

Conventional processing involves 





1 US. 
127,942. 


Patent 646,844; German Patent 


mixing ground rennet casein with 
water, dyes, and pigments; further 
processing in a screw extruder; 
extrusion as rods, tubes, or rib- 
bons; hardening by immersion in a 
5% formaldehyde solution for 


periods varying from a few days to 
several months (depending upon 
the dimensions of the piece); and 


Casein-formaldehyde __ plastics 
have generally good impact 
strength, some elasticity, and prop- 
erties characteristic of thermoset- 
ting materials. A wide range of 
color effects is possible. Hygro- 
scopicity and dimensional insta- 
bility, however, have been lim- 
iting factors to their extensive 
application. 


Forms available 


Casein plastics are available in 
sheets approximately 16 by 20 in. 
by 2, 3, 4, and 6 mm. in thickness; 
other thicknesses up to 12 mm. 
are made to order. Standard size 
rods are approximately 41 in. long 
in diameters from % to % in. in- 
clusive. Rods smaller than %-in. 
diameter are ground to size. Tubes 
are made to order in diameters up 
to 1 in. with bores of various diam- 
eters. Disks are available in any 
desired size from % to 2% in. in 
diameter, varying from 2 to 8 mm. 
in thickness. 

Special forms include button 
blanks, loops, rings, buckles, beads, 
game counters, and pushbuttons, 
as well as handles and various 
similar items. 
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RESINS AND MOLDING COMPOUNDS 








Silicones 


Tie first silicones were prepared 
in the late 19th century. For many 
years they were regarded as mere 
laboratory curiosities—stable at 
extremely high temperatures and 
nonfreezing at subzero tempera- 
tures—but of no practical value. 
Even Professor F. S. Kipping, 
who contributed so much to the 
basic understanding of the chem- 
istry of silicon through more than 
40 years of study, did not fully re- 
alize the commercial importance of 
these materials. As late as 1936 he 
still referred to silicone products 
as “uninviting glues and oils.” In 
the late 1930’s, Dr. J. F. Hyde 


demonstrated the commercial pos-’ 


sibilities of silicones. The industry 
really started to develop in 1943, 
filling a need that a war-hastened 
technology demanded. 


Characteristics and production 

In addition to stability at ex- 
tremely high and extremely low 
temperatures, silicones, as a class, 
offer the following outstanding 
properties: 1) resistance to effects 
of weather and oxidation; 2) water 
repellency; 3) excellent electrical 
properties, such as high arc resist- 
ance and dielectric strength, low 
dielectric constant and dissipation 
factor, resistance to corona and 
electrical breakdown; and 4) in- 
compatibility with most organic 
polymers (for use as_ release 
agents). 

These properties have helped 
solve many old design problems, 
and have made many new designs 
practical. 

Chemically, silicones are semi- 
inorganic polymers—organopoly- 
siloxanes. Organopolysiloxanes 
have a molecular backbone of al- 
ternate atoms of silicon and oxy- 
gen, with organic groups attached 
to the silicon atoms much like 
ribs to a spine. 

The types of organic groups and 
the extent of any cross-linkage 
help to determine the physical 
form of the finished silicone which 
may be fluid, resinous, or elas- 
tomeric. 

Production: Methods for pro- 
ducing silicones in various forms 


"Manager, Product Engineering, Dow Corning 
_ Midland, Mich. 
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AND MOLDING COMPOUNDS 


By T. A. KAUPPI* 


are illustrated in Fig. 1, p. 280. As 
shown in this chart, the silicones 
may be chemically tailored to ob- 
tain different properties meeting 
different requirements. 

Silicone fluids are mixed with 
inert fillers, or combined with 
stable soaps, to yield damping 
media, greaselike dielectric com- 
pounds, defoamers, mold lubri- 
cants, and ball bearing greases. 
The fluids may also be emulsified 
in water to provide water-dilut- 
able silicone systems. 

The resins are mixed with suit- 
able pigments to formulate high- 
temperature protective coatings; 
with inorganic fillers to produce 
molding compounds; with foaming 
agents to produce foamed struc- 
tures. They are also used to im- 
pregnate and bond fibrous glass 
or asbestos laminates. Vulcaniz- 
ing agents and special fillers can 
be compounded with silicone poly- 
mers to yield a variety of silicone 
rubbers. 


Properties 

Regardless of physical form, sili- 
cones maintain their basic physical 
and electrical properties at sub- 
zero temperatures and at elevated 
temperatures in the range of 300 to 
600° F. They are highly resistant 
to oxidation and weathering, and 
to the corrosive action of many 
chemicals, solvents, and gases. Most 
are water repellent and have ex- 
cellent dielectric properties. Be- 
cause of their chemical inertness 
and incompatibility with organic 
materials, most silicones exhibit 
release characteristics. However, 
special formulating can transform 
a silicone into an adhesive that 
will “grab and hold” almost any- 
thing, over a wide temperature 
range. 

To deal more specifically with 
silicone products of interest to the 
plastics industry, the following sec- 
tions describe specialized appli- 
cations of silicones. 


Fluids 


A spectacular application for 
silicone fluids is their use as de- 
foamers. Only a few parts per mil- 
lion of certain silicone fluids will 
reduce or eliminate space-robbing 






foam in such materials as latices, 
soaps, petroleum products, or 
emulsion paints. Certain grades 
are permissible for use in foods, 
at concentrations up to 10 parts 
per million. 

One of the best known applica- 
tions for silicone fluids is their 
use as release or parting agents. 
Release agents are made in many 
physical forms: as 100% silicone 
fluids, as emulsions or solvent 
solutions of silicone fluids, and 
thickened with suitable fillers to 
form greaselike compounds. 

Whatever the physical form, all 
silicone release agents offer the 
following advantages: 1) chemical 
inertness, meaning no corrosive 
chemical damage to molds or 
molded parts; 2) high-tempera- 
ture stability and oxidation resist- 
ance, eliminating carbonaceous 
buildup on the molds; 3) low sur- 
face tension, giving rapid and com- 
plete mold coverage; 4) low 
volatility, providing durability with 
less smoke and evaporation loss; 
5) incompatibility, resulting in 
clean, easy release, improved sur- 
face finish, and reduced scrap. 

Applied to molds and dies, sili- 
cone mold release agents are 
widely used in the plastics, rub- 
ber, glass, and metal industries. 

Other silicones are used as re- 
lease coatings for paper and paper- 
board. These coatings do not mi- 
grate or contaminate packaged 
goods, and give good release of 
such stubborn materials as adhe- 
sives, asphalt, candy, glue, and 
unvulcanized rubber. They can be 
applied to one or both sides of 
most papers, including kraft, 
glassine, parchment, corrugated 
boxboard, and even plastic films 
such as polyethylene and cello- 
phane. Use of these coatings on 
paper that comes in direct con- 
tact with foods is permissible. 

As dielectrics, silicone fluids are 
widely used in electrical and elec- 
tronic applications. They act as 
liquid dielectrics in capacitors, 
small transformers, and electronic 
assemblies. Thickened with inert 
fillers, the fluids form greaselike 
compounds useful wherever a non- 
flowing dielectric seal is needed. 

These compounds are also em- 
ployed as lubricating greases in 
applications involving extreme 
temperatures that cause organic 
compounds to freeze to nonlubri- 
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cating solids, or to burn and 
decompose. Silicone lubricants 
reduce maintenance and relubri- 
cation costs. Applications include 
valves, timers, plastic bearings and 
bushings, bearings of motors oper- 
ating under extreme temperature 
conditions, and conveyors which 
are often subjected to oven tem- 
peratures ranging to 500° F. and 
above. 

Silicone greases are also ap- 
plied to threads of studs and head 
bolts of continuous extruders, and 
to nozzles and inserts of injection 
molding machines. Here they act 
to prevent seizure of studs and 
bolts, facilitating takedown and 
reassembly. 


FIG, 1: 


Special silicone fluids are fast 
becoming an important ingredient 
in cosmetics, since they are crys- 
tal-clear, odorless, and physiologi- 
cally harmless. They repel water, 
prevent that sticky, oily feeling in 
cosmetics, and last longer than 
other materials generally used. 

These same features make sili- 
cones useful in furniture, auto, 
glass, silver, and shoe polishes. 
They facilitate easy formation of a 
smooth, continuous, non-oily film 
with excellent durability and 
long-wearing qualities. 

Other applications for silicone 
fluids include their use as diffu- 
sion pump fluids, transducer or 
sound-transmission fluids, heat 


HOW SILICONES ARE MADE AND USED. As shown below, 


silicones may be produced in forms that are chemically tailored to meet 
the specific needs of a wide range of applications 
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transfer fluids, and compressible 
fluids which can be put to effec- 
tive use in liquid springs. 


Resins 


Just as silicone fluids are modi- 
fied to provide a variety of fin- 
ished forms for different applica- 
tions, so are the silicone resins. 
They are used to formulate paints; 
foaming resins; baked-on release 
agents; potting and encapsulating 
materials; wire enamels and var- 
nish; and cloth coating, dipping, 
and impregnating varnishes. They 
are also used to make silicone 
molding compounds, and for bond- 
ing glass and asbestos laminates. 

Silicone-based paints: As pro- 
tective coating vehicles, silicone 
resins are used to formulate paints 
for protecting metal surfaces ex- 
posed to heat, weathering, and 
corrosion. 

Aluminum pigmented coatings 
made with silicone resin vehicles 
provide protection in a tempera- 
ture range of 600 to 1000° F. Col- 
ored coatings based on silicone 
resins retain their color and gloss 
at operating temperatures as high 
as 600° F. 

For special coatings, silicone 
resin intermediates enable paint 
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formulators to prepare copolymers 
of silicone and organic resins that 
offer the outstanding properties of 
each. 

A series of silicone additives for 
organic paint formulations is now 
available to the paint industry. 
Used in minute quantities, these 
additives improve the flow and 
leveling properties of paints, im- 

~ part mar resistance to finishes, 
east . FOAM STRUCTURE and aid in the formulation of 
hammer and other textured fin- 
ishes. These additives, when ap- 
plied as recommended, overcome 
most recoating difficulties for- 
merly attributed to silicone addi- 
tives. 

Silicone molding compounds: 
For compression and transfer 
molding, these compounds are 
WYDRODAOR- a etateatdines prepared by compounding resins 
_pocess | fp oy with inorganic fillers or reinforce- 
see ments. Structural and electrical 

parts molded of such materials 
retain a high order of physical and 
dielectric properties at tempera- 
tures of 600° F. and higher. 

Molded parts can be prepared 
which have heat distortion tem- 
peratures above 950° F.; flexural 
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strengths of 14,000 p.s.i. at room 
temperature and 7000 p.s.i. when 
tested at 800° F.; arc resistance of 
at least 220 sec.; and water ab- 
sorption of about 0.1% after 24- 
hr. immersion. 

Parts prepared from silicone 
molding compound include heat 
barriers in jet and rocket engines. 
Silicones are also used to mold 
electronic components such as coil 
forms, slot sticks, terminal strips, 
and connector plugs in radio, tele- 
vision, and radar equipment. 

Silicone laminates: Silicone 
bonding and impregnating resins 
are used in preparing glass and 
asbestos cloth laminates, and to 
bond finely divided powders such 
as silica, carbon, and mica. 

Parts can be made by press 
molding at both high and low pres- 
sures, by vacuum bag molding, and 
by filament winding. The resin is 
usually applied from a_ solvent 
solution, and is precured on the 
reinforcing material. The dry- 
layup technique is then employed 
for making the laminates. Solvent- 
less silicone resins are also avail- 
able, and are used to make wet- 
layup laminates. 

Silicone laminates retain a high 
percentage of their physical 
strength after long-term exposure 
to elevated temperatures. In such 
service, silicone glass laminates 
retain a higher strength-to-weight 
ratio than do many light metals. 

Noted for their outstanding 
electrical properties, silicone lam- 
inates keep these properties after 
long exposure to heat as wel! as 
to humidity. 

Low-pressure silicone laminates 
have flexural strengths of 30,000 
to 50,000 p.s.i. at room tempera- 
ture, and 10,000 to 20,000 psi. 
when tested at 500° F., even after 
hundreds of hours exposure at 
these temperatures. Dissipation 
factor, after 24 hr. immersion in 
water, is in the range of 0.008 at 
10° cycles. 

High-pressure electrical grade 
silicone laminates retain dielectric 
strength of 400 volts per mil after 
aging for 5000 hr. at 500° F., and 
a dissipation factor of 0.0044 at 10° 
cycles after 24-hr. immersion in 
water. Flexural strengths of such 
laminates are in the range of 
24,000 p.s.i. tested at room temper- 
ature, and 4500 p.s.i. when tested 
at 500° F. 

By utilizing unidirectional glass 
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SILICONE encapsulating 
resin, cast as flat strip, 
is transparent, firm, and 
flexible. The section 
shown at right bends 
nearly double to conform 
with unique circuit place- 
ment requirements 


cloth or pre-impregnated glass 
threads, parts having flexural 
strengths of 100,000 p.s.i. or more 
can be prepared. Typical applica- 
tions include radomes, nose cones, 
and rocket motor cases. 

Pre-impregnated glass cloth is 
also used for forming tubes with 
high electric strength, and rigid 
duct-work with high temperature 
stability. 

Applications for silicone glass 
laminates in electrical equipment 
include coil forms and bobbins, 
generator and transformer insula- 
tion, switch spacers, terminal 
boards, and strips and slot wedges. 

Silicone foaming resins: Resin 
powders mixed with foaming 
agents expand on heating to pro- 
duce rigid low density foams. These 
may be foamed-in-place, forming 
a heat stable thermal insulation 
with good dielectric properties. 
Such foams are used as light- 
weight structural fill for aircraft 
and missile applications, and to 
cushion delicate electronic and 
electrical equipment. 

Silicone resin foam is easily 
cast in sheets or blocks and ma- 
chined with conventional tools. 

Silicone resin release agents: 
Resinous, baked-on silicone re- 
lease agents are used in a. variety 
of industrial applications. The bak- 
ing industry, for example, uses a 
special silicone resin for releasing 
bread and other baked goods. The 
product is applied to the pans in 
an extremely thin film, and heat 
cured. Coated pans give up to 100 
clean, quick releases before re- 
treatment is necessary. Baked-on 





silicone resin coatings are also 
sometimes put to effective use as 
release agents in the plastics and 
rubber industries. 


Potting and encapsulating 


Solventless, thermosetting resins 
are used where rigid, heat-stable, 
high-dielectric encapsulants are 
required to protect electrical or 
electronic parts. These resins may 
be used as received or combined 
with inorganic fillers for added 
strength and economy. 

One of the newest silicone di- 
electric materials on the market 
today is simply poured as a fluid 
around units to be potted. This 
solventless silicone resin is then 
cured at relatively low tempera- 
tures (65 to 150° C.) to form a 
firm, flexible, and fully transpar- 
ent dielectric material. Because of 
its toughness and flexibility, it 
provides maximum protection for 
delicate parts, yet portions of the 
resin can be easily cut away for 
repair or replacement of defective 

mbedded components. New mate- 
rial can then be poured in place 
and cured, and the system will 
have the same physical and di- 
electric qualities as the original. 

Another type of solventless 
resin designed for use as an en- 
capsulant is poured into place 
and, when heated, cures to a crys- 
tal-clear, jelly-like protective 
cushion. This dielectric gel has 
good electrical properties and is 
transparent, permitting visual in- 
spection of potted parts. In addi- 
tion, it is self-healing, and probes 
for checking electrical functions 





may be inserted through the gel, 
then removed without damag- 
ing the air-tight moisture-proof 
“shield.” 

Other 


from 


compounds formulated 
specially purified silicone 
fluids provide grease-like, non- 
melting materials for use in pot- 
ting and dielectric sealant appli- 
cations. 

Room-temperature vulcanizing 
silicone rubbers that cure without 
heat form resilient potting and 
encapsulating materials. These 


RTV rubbers may be poured into 
place as fluids or as light pastes. 
Setting times vary from 30 min. 
for some types to 24 hr. for others. 


Silicone rubber 


Silicone rubber has added new 
dimensions to the field of elas- 
tomers. In addition to the neces- 
sary characteristics of resiliency 
and stretchability, silicone rubber 
remains flexible and serviceable 
at temperatures as low as —130° 
F. and as high as 500° F. It com- 
bines good resistance to weather- 
ing, ozone, corona, moisture, and 
corrosive atmospheres with re- 
sistance to electrical and mechani- 
cal fatigue. Fluorosilicone rubber 
is used to make parts that are ex- 
tremely resistant to the effects of 
solvents, fuels, and oils. 

Silicone rubber is processed with 
conventional fabricating equipment 
and methods. It may be molded, 
extruded, calendered, sponged, 
laminated, or applied to fabric 
from a solvent dispersion. 

Applications include seals, gas- 
kets, ducting, sleeves, and bellows 
for aircraft, automobiles, appli- 
ances, electrical machinery, elec- 
tronic assemblies, and many other 
pieces of original equipment. 

RTV silicone rubbers: Room 
temperature vulcanizing silicone 
rubbers (RTV types) are avail- 
able for mechanical applications. 
Uses include such operations as 
making replacement gaskets and 
special seals; calking and sealing; 
and making flexible molds. 

When RTV silicone rubber is 
poured around a prototype and 
allowed to cure to a solid rubbery 
mass, a silicone rubber mold is 
formed that gives an exact repro- 
duction of surface detail. The 
mold is then used to make sub- 
sequent parts from plastics or 
low-melting metal alloys. The sili- 


cone rubber mold is not damaged 
even when exposed to tempera- 
tures ranging up to as high as 
500° F. 

A recent major development in 
the RTV silicone rubber field is 
a material that, when catalyzed, 
will set up into solid rubbery sec- 
tions of unlimited thickness even 
under totally confined air-tight 
conditions. 

Most RTV silicone rubbers are 
designed to cure through the ad- 
dition of a catalyst. However, a 
new system is now available as a 
one-component, ready-to-use ma- 
terial. This RTV is simply ap- 
plied where desired and it will not 
sag or slump, but cures in place 
through contact with atmospheric 
moisture. An excellent adhesive, 
it will adhere to most clean sur- 
faces and set to a rubbery, mois- 
ture-proof dielectric bond or seal. 

Fabric treatment: A _ silicone 
treatment applied to natural and 
synthetic fibers imparts water- 
repellency, gives improved drape, 
a more luxurious feel, and im- 
proved wrinkle resistance. A tan- 
nery-applied silicone treatment for 
leather makes shoes and boots re- 
main soft and flexible. Water can- 
not penetrate, yet the leather 
“breathes,” allowing air circulation 
to the feet. 


Other uses 


Cleaning eyeglasses with sili- 
cone treated tissues imparts a thin 
film of silicone to the glass, keep- 
ing them cleaner longer. Plastic 
lenses are easily cleaned with a 
silicone treated rayon tissue that 
absorbs abrasive dirt particles. 

Contrary to their effectiveness 
as release agents, silicones are also 
used to prepare pressure-sensitive 
adhesives that remain strong and 
tacky at temperatures from —110 
to 550° F. These adhesives stick 
to almost anything, whether the 
surface is wet, hot, or cold. They 
provide firm bonding and resist- 
ance to moisture, corrosion, weath- 
ering, and fungus. 

Silicone fluids are added in 
small concentrations to polyure- 
thane premixes before foaming to 
improve appearance, cell uniform- 
ity, and resiliency of finished foams. 
A silicone additive is used in the 
“one-shot process” of foam man- 
ufacturing. 

Silicone-based water repellents 


are applied to building bricks as 
they leave the kiln. Bricks treated 
in this manner are permanently 
water repellent, resist water- 
borne stains and efflorescence. They 
frequently lay up into finished 
walls faster and easier. 

Other silicone masonry water 
repellents are used to protect ex- 
isting above-grade brick and 
masonry from water damage. 

Electrical insulation systems 
based on silicones include such 
components as silicone-varnished 
glass cloth and tape, silicone- 
bonded mica, silicone-enameled 
magnet wire, silicone rubber used 
as insulation for wire and for coat- 
ing fabric and tape, silicone-glass 
laminates, and silicone pressure- 
sensitive adhesive glass tape. 

Recent developments in this 
area include silicone varnishes 
that will cure at temperatures 
considerably lower than those 
previously necessary. These newer 
varnishes not only cure com- 
pletely in about 6 hours at 150° 
C., but have even better heat sta- 
bility than many previous silicone 
varnishes, easily meeting require- 
ments set up for AIEE Class 220 
C service. 

Silicone insulating systems are 
designed for use at operating tem- 
peratures of 180° C. and 220° C., 
and some have proven practical 
in some uses up to 240° C. 
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Styrene polymers and copolymers 


Ge resins, which 
were first produced commercially 
in 1935, have been developed to 
such an extent that they now ac- 
count for sales totaling 922 million 
lb. per year. Styrene monomer, 
the basic raw material, was origi- 
nally polymerized only with itself. 
Now it is being polymerized with 
other monomers and polymers to 
produce a versatile array of plas- 
tics which find their way into 
numerous industrial and con- 
sumer products. 

Presently available 
polymers and copolymers are 
rigid thermoplastic materials. 
They can be easily molded or ex- 
truded on conventional equipment 
into parts requiring close dimen- 
sional tolerances. Rejected parts 
can be reworked easily unless ex- 
treme conditions were used to 
process the material. With only a 
few exceptions, no special precau- 
tions are required to eliminate ab- 
sorbed moisture. Formed styrene 
polymers and copolymers do not 
warp within their thermal operat- 
ing range. Almost all of them are 
available in an unlimited range of 
opaque colors, and many are also 
available in clear, colorless, and 
translucent grades. 

Styrene polymers and copoly- 
mers are loosely grouped into 
various types or categories which 
represent a compromise of prop- 
erties and price. Each category is 
further sub-divided into various 
modifications designed to fit the 
needs of particular applications or 
processing techniques. In the fol- 
lowing text, the characteristics 
peculiar to each of these types 
and, where possible, modifications 
are described. 


styrene 


Normal (unmodified) 
polystyrene 

Unmodified polystyrenes or 
“normal” polystyrenes as they are 
sometimes called are generally 
those compounds which are based 
only on homopolymers of styrene. 
They may or may not contain ad- 
ditives such as lubricants, stabi- 
lizers, plasticizers, or fillers. 


ticle reviewed by E. Y. Wolford Reape 
Inc.; C. F. Martino, Union Carbide Plas- 
o.; W. H. Chadbourne, Fiberfil, Inc. 
erences were prepared by the editors. 


TYRENE POLYMERS AND COPOLYMERS 


On a compound volume basis, 
the normal polystyrenes are the 
lowest in cost of all the thermo- 
plastic materials. Because their 
basic resins are clear and color- 
less, there is no limitation to the 
range of colors and translucencies 
available. The various formula- 
tions are relatively free from taste 
and odor. 

These polystyrenes possess ex- 
cellent resistance to many mineral 
and organic acids, alkalies, salts, 
lower alcohols, and aqueous solu- 
tions of these materials. They are 
softened or dissolved by ketones, 
the higher aliphatic esters, essen- 
tial oils, and many of the hydro- 
carbons. 

The choice of normal polysty- 
rene generally depends upon the 
most suitable combination of 
heat distortion temperature and 
molding or extrusion properties. 
Normal polystyrene containing 
negligible plasticizer, residual 
monomer, or low molecular 
weight polymer has the highest 
heat distortion point but requires 
the highest cylinder temperatures 
and pressures to mold. In A.S.T.M. 
703-56T, such a material would be 
classified as Type 3. This classi- 


COMPACT COIN HOLDER, in- 
jection molded of polystyrene, 
provides high-impact resistance 
during handling. Flat cover is 
joined to money compartment 
by integrally-molded hinge 
(Photo, Koppers Co.) 


fication applies to polystyrene 
molding and extrusion materials 
which are characterized by im- 
proved resistance to thermal dis- 
tortion and have a minimum de- 
flection temperature under load 
of 185° F. (85° C.)! with or with- 
out colorants and small amounts 
of lubricants. To obtain optimum 
heat resistance the material must 
be formed with the highest pos- 
sible mold temperatures, prefer- 
ably in the 160 to 190° F. range, 
and with a minimum of packing. 
Annealing is sometimes used to 
eliminate residual molding strains 
particularly if the part is to be 
used with potential solvation 
agents. 

Most applications do not require 
a polystyrene with a high heat 
distortion point (deflection tem- 
perature under load). If this 
property can be compromised, it 
is possible to choose freer flowing 
materials which do not limit plas- 
ticizing as readily, or set up and 
choke the flow of the material in 
the mold as rapidly. These freer 
flowing types, in order of decreas- 
ing deflection temperatures under 


‘Heat distortion values are determined on 
specimen % in. x % in. x § in. 


TWO-PART HOUSING of 
portable radio-phono- 
graph, molded in two 
colors of high-heat, high- 
impact polystyrene, pro- 
tects working parts and 
is resistant to extreme 
heat conditions (Photo, 
Dow Chemical) 





load and improved flow properties 
are as follows: 

A.S.T.M. Type 1: General-pur- 
pose molding and extrusion ma- 
terials consisting of a normal (un- 
modified) form of polystyrene, 
with or without the addition of 
colorants and small amounts of 
lubricants, having a minimum 
heat distortion temperature of 
175° F. (79° C.). 

A.S.T.M. Type 2: A lubricated 
general-purpose molding and ex- 
trusion material consisting of 
polystyrene with or without the 
addition of colorants, having a 
minimum heat distortion tem- 
perature of 165° F. (73.9° C.). 

A.S.T.M. Type 4: Lubricated 
polystyrene molding or extrusion 
materials characterized by im- 
proved flow properties and having 
a minimum heat distortion tem- 
perature of 155° F. (68.3° C.) with 
or without added colorants. 

Typical properties of unmodi- 
fied polystyrenes are shown in 
Table I, below. Primary uses for 
these materials include containers 
and lids for many types of mer- 
chandise, wall tile, refrigerator 
parts, emblems, signs, displays, 
toys, games, novelties, bottle caps, 
battery jars, and radio cabinets. 
Special polystyrenes are available 
for use in the manufacture of in- 
jection molded sound records. 


The polystyrenes described 
above are not suitable for appli- 
cations requiring resistance to 
many foods, essential oils, vege- 
table oils, gasoline, lubricating oii, 
household cleaning agents, de- 
tergents, and common cleaning 
solvents. For such applications, 
copolymers of styrene and acrylo- 
nitrile are available. 


Chemical-resistant copolymers 

The resulting plastic retains the 
transparency of polystyrene, but 
has better stress cracking or sol- 
vent resistance, very low creep 
under load, greater rigidity, 
higher flexural and tensile 
strengths, harder surface, and 
better weather resistance. Except 
for a very light yellow tint in the 
natural color, the styrene acryl- 
onitrile copolymers are available 
in the same wide range of trans- 
lucencies and colors as general- 
purpose styrenes. 

Like polystyrene, the copoly- 
mers of styrene and acrylonitrile 
are non-toxic, relatively free from 
taste and odor, and do not sup- 
port the growth of fungi or molds. 
Their electrical properties are 
more than adequate. Although 
these copolymers absorb slightly 
more moisture than the normal 
polystyrenes, they can still be 
molded to very close tolerances, 





TABLE |: Properties of styrene polymers and copolymers 





Chemical 
resistant 
copolymer 


Normal 
(unmodified ) 
polystyrene 


-—— _ Shock-resistant 
Inter- 
mediate 


Extra 
High high 





Sp. gravity 1.03-1.08 1.05-1.10 
Price" in 0.68 1.53 
natural, 
¢/in, 
Tensile 
str.,* p.s.i. 
Elongation, 
%* 
Modulus, 
psi. x 10° 
Flexural 8500-11000 
str.,* p.s.i. 
[zodimpact 0.25-0.50 
str.* 
Deflection 
temp. under 
load,* °F. 
Rockwell 
hardness 


6000-7500 10000-12000 


16-2.1 2.3-2.7 

4.5-50 5.0-5.5 

16000-18500 
0.50-0.55 


165-200 195-200 


M67-80 M80-83 


*Based- on price schedules published March 1961. 


*Based on injection molded bars 





1.04-1.10 1.04-1.10 1.03-1.10 
0.75 1.04 1.33 


4000-7000 4500 


5-25 10-35 


4.0-5.0 3.4-3.7 


7000-11000 6000-10500 5500 


0.55-0.70 0.9-1.0 6.0-8.0 


ft.-Ib./in. of notch (on %4-in. bar) 


165-190 170-190 167-180 


L88-97 L78-86 L-23 





and possess excellent dimensional 
stability within their thermal op- 
erating range. They can be ex- 
truded or injection molded on 
standard equipment in much the 
same manner as_ polystyrene. 
Typical properties of the chem- 
ical-resistant (solvent-resistant) 
copolymers are shown in Table I, 
below. 

The A.S.T.M. heat distortion 
temperature (deflection tempera- 
ture under load) of these chem- 
ical resistant copolymers is about 
200° F., the same as for the most 
heat-resistant normal polysty- 
renes. Several molding grades are 
available, but the choice is be- 
tween strength and molding 
properties rather than heat re- 
sistance and molding properties 
as was the case with normal poly- 
styrenes. 

In general, the toughest copoly- 
mers also require the highest 
cylinder temperatures and pres- 
sures to mold. The freer flowing 
types are used to advantage for 
applications which do not have 
critical strength requirements. 

Principle uses for the chemical 
or solvent resistant copolymers 
are tumblers, dishes, cutlery han- 
dles, hair curlers and bobby pins, 
fountain pen barrels, fan blades, 
battery cases, sight glasses for oil 
pressure systems, radio cabinets, 
industrial spools, and bottle caps. 


Heat-resistant copolymers 
For applications which require 
a higher heat distortion point 
than is available in normal or un- 
modified polystyrenes, a copoly- 
mer of styrene and a substituted 
styrene (e.g. alpha methylsty- 
rene) is available. It possesses an 
AS.T.M. deflection temperature 
under load 4 to 5° F. higher than 
the most heat-resistant polysty- 
rene. However, in obtaining the 
higher heat resistance, molding 
properties may be impaired to 
some extent. In most other prop- 
erties, e.g., color, clarity, electri- 
cal, and strength, heat-resistant 
copolymers resemble unmodified 
or normal polystyrenes. Manu- 
facturers should be consulted as 
to exact details on properties. 
As contrasted to easy-flow ma- 
terials, the heat-resistant poly- 
mers reach moldable plasticity 
and set up in molds at higher 
temperatures. This characteristic 
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SOME TYPICAL COMMERCIAL POLYSTYRENES .. . AND THEIR USES* 





Trade name 
and number 
Catalin 666 
Catalin 666M 
Catalin 678 
Catalin 689 
Catalin 672 
Catalin 673 
Catalin 683 


Catalin 700 
Catalin 315 


Catalin 330 
Catalin 777 
Catalin 369 
Catalin 345 


Catalin 475 


Catalin 475C 
Catalin 475B 


Catalin 475M 


Cataiin 440 


Catalin 440M 


Catalin 480 


Catalin 750 


Catalin 780 


Catalin 767 


Catalin 150 


Description and special features 


Catalin Corp. of America 


General purpose. Unlimited color 
range, readily extruded or molded 
General purpose, improved strength. 
Ease of flow, unlimited color range 
General purpose. Easiest flow for fast 
cycles 

General purpose, easy flow. Crystal 
parts have brilliant sparkle 

General purpose, light stabilized. For 
injection molding 

General purpose, light stabilized. For 
extrusion 

Heat resistant. Heat distortion temp. 
about 20° F. higher than 666 
Extremely high heat resistance 
Medium impact. Ease of fill, fast set- 
up characteristics 

Medium impact, improved flow. Ex- 
cellent translucency 

Medium impact. Good heat distortion. 
Excellent for heavy sections 

Medium impact. Excellent heat resist- 
ance 

High medium impact. Tough, heat re- 
sistant, good processability 

High impact. Three to five times 
greater impact strength and ten times 
the elongation of general purpose 
High impact. Improved moldability 
High impact and elongation. Im- 
proved low temperature properties. 
Slightly stiffer flowing than 475 

High impact, greatly improved flow. 
Three to five times greater impact 
strength and ten times the elongation 
of general-purpose grades. For large 
area moldings 

Heat resistant impact. Developed for 
applications where high impact, heat 
resistance, and gloss are required. 
Heat resistant impact. Good molding 
characteristics, good colorability and 
surface finish 

Extra high impact. Good heat resist- 
ance, surface gloss 
Styrene-acrylonitrile copolymer. In- 
termediate chemical resistance, supe- 
rior toughness and good moldability 
Styrene-acrylonitrile copolymer. Ex- 
cellent chemical and heat resistance 
and greater strength 
Styrene-acrylonitrile copolymer. Gen- 
erally exhibits better resistance to 
most organic compounds than general- 
purpose polystyrene; good resistance 
to acids, bases, salts, oils, waxes, soaps, 
detergents, and food stuffs 
Styrene-methyl methacrylate copoly- 
mer. Exhibits crystal clarity, heat 
resistance, outdoor weatherability, and 
light stability 


d on data supplied by manufacturers. 


Trade name 
and number 


Description and special features 


Cosden Petroleum Corp. 


Cosden 
GPC 500 
Cosden 
GPC 525 
Cosden 
High Heat 550 
Cosden 
HI 600 
Cosden 
HI 625 
Cosden 
HI 725 
Cosden 
HI 800 


General purpose, easy flow. Fast set- 
up, broad molding range 

General purpose, normal flow. Easy 
molding 

General purpose, heat resistant. Good 
flow and excellent clarity 

Medium impact. High translucency, 
easy flow, good toughness 

Medium impact. High translucency, 
easy flow, some toughness 

High impact, general molding. Easy 
flow, excellent surface finish and gloss 
High impact. Excellent physical prop- 
erties and fast flow 


The Dow Chemical Co. 


Styron 666 
Styron 666M 
Styron 678 
Styron 672 
Styron 683 
Styron 673 
Styron 690 
Styron 700 
Styron 315 
Styron 330 
Styron 345 
Styron 369 


Styron 475 
Styron 475B 


Styron 475C 


Styron 475M 
Styron 440 


Styron 440M 
Styron 480 
Tyril 750 
Tyril 767 


Tyril 780 


Zerlon 150 


General purpose, normal flow. Balance 
of properties 
General purpose, medium flow. Mold- 
ability and properties 
General purpose, fast flow. Mold- 
ability 
General purpose, light stable. Molding. 
Stable to fluorescent lights 
General purpose, medium heat. Mold- 
ability and properties 
General purpose, light stable. Extru- 
sion. Stable to fluorescent lights 
General purpose, medium heat. End- 
use properties 
General purpose, heat resistant. High- 
est heat resistance 
Medium impact. Moldability 
Medium impact. Balance of properties 
Medium impact. Toughness 
Medium impact, heat resistance. High 
heat 
High impact. Balance and properties 
High impact, extrusion. End-use 
toughness 
High impact, molding. Moldability and 
toughness 
High impact, molding. Moldability 
High impact, heat resistant. Heat re- 
sistance and toughness 
High impact, heat resistant. Mold- 
ability 
Super-high impact. Toughness 
Styrene-acrylonitrile copolymer. In- 
termediate chemical resistance, good 
processability 
Styrene-acrylonitrile copolymer. 
Chemical resistance, balance of prop- 
erties 
Styrene-acrylonitrile copolymer. High 
chemical resistance, superior proper- 
ties 
Styrene-methyl methacrylate copoly- 
mer. Clarity, outdoor weatherability, 
and light stability 

(Continued on following page) 
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SOME TYPICAL COMMERCIAL POLYSTYRENES .. . AND THEIR USES* (Cont'd) 





Trade name 
and number Description and special features 


Fiberfil, Inc. 


Styrafil G-30 Glass-reinforced polystyrene. Stand- 
ard grade, high heat distortion 
Styrafil G-31 Glass-reinforced. High impact 
Styrafil G-32 Glass-reinforced. Lowest cost 
Styrafil G-33 Glass-reinforced. Improved finish 
Acrylafil G-40 Glass-reinforced styrene-acrylonitrile. 
Solvent resistance and high physicals 


Foster Grant Co., Inc. 


Fostarene 20 General purpose, clarity, fast set 
Fostarene 50 General purpose, heat resistant, ex- 
cellent physicals 
Fostarene 122 General purpose, easy flow, large area 
and thin section 
Fostarene 324 Med. impact, improved stiffness 
Fostarene 326 Med. impact, easy flow, fast set 
Fostalite 200 General purpose, light stable 
Fostalite 500 General purpose, high heat, light 
stable 
Fostarene 252 High impact, high heat distortion 
Fostarene 352 Med. impact, high heat distortion 
Fosta: 
Tuf-Flex 216 High-impact, graft polymer, ext. 
Tuf-Flex 226 High-impact, graft polymer, inj. 
Tuf-Flex 289 High-impact, natural, shoe heels 


Koppers Co., Inc. 


Dylene 2 General purpose, fast flow. Molda- 
bility 

Dylene 3 General purpose, fast flow. Molda- 
bility 

Dylene 4 General purpose, fast flow. Molda- 
bility, fast set-up 

Dylene 8 General purpose, aormal flow, heat 
resistant. Typical heat distortion tem- 
perature under load, 200° F. Excellent 
electrical and mechanical properties 

Dylene 9 Highest heat resistance. Typical heat 
distortion under load, 203° F. 

Dylene 20 General purpose, intermediate impact. 
Fast cycles, glossy pieces 

Dylene 28 Heat resistant, intermediate impact. 
For pieces to be vacuum metallized 

Dylene 30 General purpose, intermediate impact. 
Moldability 

Dylene 80 General purpose, intermediate impact 
heat resistant. Typical heat distortion 
196° F. 

Dylene 200 High impact. Moldability 

Dylene 201 High impact. Sheet extrusions where 
high luster without overlay is desired 

Dylene 400 High impact. High heat distortion, ex- 
cellent toughness 

Dylene 800 Heat resistant. Heat-distortion tem- 
perature 196° F. 

Evenglo Light stable to fluorescent lighting 


Monsanto Chemical Co. 


Lustrex General purpose, soft flow. Excellent 
Hi-Flow 55 moldability 

Lustrex General purpose, medium flow. Mod- 
Hi-F low 66 erate set-up 


* Based on data supplied by manufacturers. 


Trade name 
and number 


Lustrex 
Hi-Flow 77 

Lustrex 
Hi-Heat 99 


Lustrex 
Hi-Test 42 


Lustrex 
Hi-Test 48 
Lustrex 
Hi-Test 88 
Lustrex 
Hi-Test 88-1 
Lustrex 
Hi-Test 88-2 
Lustrex 


Hi-Test 88-5 


Lustrex 
Hi-Test 180 


Lustrex 
Permatone 


Description and special features 


General purpose, regular flow. Fast 
set-up 

Injection molding, general purpose. 
Good flow and clarity with heat re- 
sistance 

Medium impact, rubber modified. High 
natural translucence; excellent dimen- 
sional stability with toughness 
Medium impact, rubber modified. 
Good toughness; good natural trans- 
lucence and good dimensional sta- 
bility 

High impact for injection molding, 
rubber modified. High toughness, good 
translucence 

High impact for sheet extrusion, rub- 
ber modified. High toughness, high 
natural translucency; excellent for 
vacuum forming 

High impact sheet extrusion and in- 
jection molding, dual purpose. Rub- 
ber modified, high toughness 

Extra high impact sheet extrusion 
and injection molding, dual purpose. 
Rubber modified, excellent low tem- 
perature properties 

Super high impact sheet extrusion 
and injection molding, rubber modi- 
fied 


Heat resistant 


Injection molding, high heat resist- 
ance, high impact 


Special formulations 





Injection molding and extrusion. Im- 
proved ultra-violet light stability. 
Available in all general purpose and 
medium and high impact grades 

All grades. Lower static attraction for 
dust comparable in all properties to 
regular styrene. General purpose and 
rubber modified grades 


Rexall Chemical Co. 


Elrex 

(PS) 112 
Elrex 

(PS) 222 


Elrex 

(PS) 223M 
Elrex 

(PS) 113H 
Elrex 

(PS) 322-50 
Elrex 

(PS) 422-83 
Elrex 

(PS) 410-83 
Elrex 

(PS) 510H-100 


General purpose, normal flow. Supe- 
rior clarity and gloss. Good set-up 
General purpose, easy flow. Superior 
clarity and gloss. Balance of prop- 
erties and set-up 

General purpose, high flow 


General purpose. Heat resistant 


Medium impact. Injection molding, 
graft copolymer 

High impact. Injection molding, graft 
copolymer 

High impact. Extrusion (thick sheet), 
graft copolymer 

High impact. Extrusion (thin sheet), 
graft copolymer, improved heat re- 
sistance 





RESINS AND MOLDING COMPOUNDS 











Trade name 


Trade name 











and number Description and special features and number 
Union Carbide Plastics Co. - 
SMD-3500 General purpose, fast set. Moldability, TMD-5161 
goed electrical, mechanical, and opti- 
cal properties TGD-5161 
SMD-3600 General purpose, normal flow. Thin 
walled, good electrical, mechanical and TMD-2100 
optical properties 
SMD-3700 General purpose, high flow. For thin- TGD-2100 
walled or long-flow parts; good elec- 
trical, mechanical, and optical prop- 
erties RMD-4511 
TMD-9020 Medium impact, high flow. For thin- 
walled or long-flow parts 
TMD-9001 Medium impact, normal flow. Mold- RMD-4500 
ability, good appearance 
TMD-6120 High impact, high flow. For thin- 
walled or long-flow parts RMD-4520 
TMD-6000 High impact, molding. Moldability, 


good appearance, and gloss 








Description and special features 


High impact, extrusion. Extrudability, 
good appearance 

High impact, high heat, molding. Heat 
resistance, high mechanical strength 
High impact, high heat, extrusion. 
High rigidity, good resistance to heat 
Extra high impact, molding. High ri- 
gidity, good resistance to heat 

Extra high impact, extrusion. Recom- 
mended for parts requiring flexibility, 
strength, and toughness 
Styrene-acrylonitrile copolymer. Nor- 
mal flow. Strength, resistance to 
chemicals 

Styrene-acrylonitrile copolymer. Me- 
dium flow. Strength, wide molding 
latitude 

Styrene-acrylonitrile copolymer. High 
flow. Strength, very wide molding 
latitude 





requires molding machines with 
high plasticating capacity and 
high-injection speed. Good mold 
temperature control in the range 
of 160 to 200° F. is necessary for 
economical quality production. To 


realize the full potential in 
strength and heat resistance, 
however, annealing of molded 


parts may be required in some 
cases. Slow cooling after anneal- 
ing prevents introduction of new 
thermal stresses. 

In all cases, annealing only in- 
creases the deformation tempera- 
ture of a piece when measured 
under load. It does not increase 
the use temperature when the 
part is subject to long-time serv- 
ice at elevated temperatures un- 
der load. It is sometimes possible 
to run faster molding cycles with 
heat-resistant grades than with 
normal polystyrenes. Because set- 
up is so rapid, these types are 
especially adaptable to the mold- 
ing of heavy sections. Because of 
their high-strength characteris- 
tics, heat-resistant grades are also 
often preferred for the extrusion 
of rods, tubes, profiles, and other 
shapes. 

Applications: With the same 
coloring and decorating potential 
as normal polystyrenes, the heat- 
resistant polystyrenes have been 
extensively used in table model 
radio cabinets, TV lenses or front 
panels, clock cases, watch and 
jewelry packages, storage battery 
cases, camera housings, appliance 
panels and handles, illuminated 
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signs and displays, fluorescent 
lighting fixtures, housewares to 
withstand unusual stress or hot 
food contact, and reels and 
spools for film and tapes. 


Impact polystyrenes 

One of the basic limitations of 
normal polystyrene is its rela- 
tively low practical toughness. 
For applications requiring greater 
elongation or impact strength, se- 
lection can be made from an array 
of impact polystyrenes which offer 
various degrees of toughness. 

Impact polystyrenes are a com- 
bination of polystyrene with rub- 
ber which is generally of the 
styrene-butadiene type. The com- 
bination can be blended as latex 
and hot processed, or it can be 
mixed in a Banbury. Styrene 
monomer can also be polymerized 
directly onto the rubber, forming 
what is commonly known as a 
graft copolymer. 

As the rubber content in the 
styrene is increased, practical 
toughness and elongation are also 
increased. Although other proper- 
ties, such as clarity, hardness, 
rigidity, tensile and flexural 
strength, and weather resistance 
are impaired to some extent, they 
are still adequate for the many 
applications into which impact 
polystyrenes have found their 
way. The impact polystyrenes are 
not available in transparent col- 
ors, but the range of translucent 
and opaque colors is virtually un- 
limited. Impact and normal poly- 











styrenes are similar in chemical 
resistance except that the staining 
resistance of the impact types is 
somewhat impaired. 

Conventionai molding and ex- 
trusion equipment can be used 
with impact polystyrenes. Gener- 
ally, the same temperature ranges 
and procedures as for normal 
polystyrenes can be applied to im- 
pact polystyrenes. 

Because of this variation in 
properties, the impact-type poly- 
styrenes are generally subdivided 
into three general classes—inter- 
mediate-impact, high-impact, and 
super-impact, with increasing 
shock resistance or toughness 
shown in each classification. As 
with normal polystyrenes, impact 
materials are available with vari- 
ous combinations of flow and set 
characteristics suitable for opti- 
mum molding of parts according 
to wall thickness. In each cate- 
gory, there are several modifica- 
tions available which offer a 
choice between heat distortion 
temperature and molding charac- 
teristics. As is true for the nor- 
mal polystyrene, the modification 
with the highest deformation 
temperature under load requires 
the highest cylinder temperatures 
and molding pressures. 

Typical properties of the im- 
pact-type materials are listed in 
Table I, p. 284. 

Applications: Intermediate-im- 
pact polystyrenes are typically 
used for bottle caps, containers, 
camera cases, radio cabinets, and 
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houseware items such as brush 
blocks, and dust 
pans. 

High-impact polystyrenes are 
widely used for refrigerator parts 
(inner door panels, crisper trays, 
and breaker strips), hobby horses, 
containers, toys, pipe fittings, TV 
and radio cabinets, and automo- 
tive duct work. 

Extra-high impact polystyrenes 
are being used for pipe fittings, 
children’s swimming pools, bat- 
tery cases, luggage panels, and 
for upgrading the strength of 
lower-impact polystyrenes. Use 
of this type of material is increas- 
ing because it offers a very fa- 
vorable price-impact strength 
compromise. 

ABS copolymers are described 
in detail on p. 147. 


ice-scrapers, 


Special polystyrenes—light- 
stable formulations 

Normal polystyrenes do not 
resist outdoor weathering suffi- 
ciently to warrant use in per- 
manent outdoor installations. Ex- 
posure to ultra-violet light from 
direct sunlight or artificial sources 
causes polystyrenes to develop a 
yellowish straw cast and eventu- 
ally become brittle. Light-stable 
formulations which, by test under 
ultra-violet light sources, show 
substantial improvement in such 
behavior have, therefore, been 
developed. However, the degree 
of stability is still not so great 
that stabilized polystyrenes can 
be recommended for outdoor uses 
or for ultra-violet light filters. 

On the other hand, light-stable 


STYRENE - ACRYLON- 
ITRILE copolymer has 
finally started to move 
into important new con- 
sumer and_ industrial 
applications. Typical is 
this durable cup with 
outstanding resistance 
to crazing or breakage. 
Other housewares of the 
same material are in the 
offing (Photo, Mon- 
santo Chemical Co.) 


polystyrenes are finding increas- 
ing use in molded and extruded 
indoor lighting fixture diffusers. 
In some cases, improved light sta- 
bility is achieved with some sac- 
rifice of heat resistance or 
strength characteristics. In other 
instances, the light-stabilized for- 
mulations are slightly limited in 
colorability, making it difficult, 
for example, to produce clear 
translucent bluish white. 


Special polystyrenes—glass- 
reinforced 

The addition of fibrous glass to 
polystyrene and its copolymers 
gives the resulting compounds 
some very interesting characteris- 
tics. Most of the physical proper- 
ties are doubled, while heat dis- 
tortion temperature, stiffness, and 
dimensional stability are substan- 
tially improved. These improve- 
ments permit the use of polysty- 
rene in many of the more 
demanding mechanical applica- 
tions. 

These materials are available in 
standard, high impact and other 
special grades. One type with 
molybdenum disulphide added 
shows good promise of being used 
as a bearing where light loads are 
involved. Depending on the par- 
ticular compound involved, the 
glass content varies between 30 
and 35 percent. An acrylonitrile 
grade is available where maxi- 
mum physical properties plus re- 
sistance to solvents are desired. 

These materials are processed 
in normal injection equipment 
using regular molds, cut with 


some modifications. Because of the 
higher stiffness, shallower under- 
cuts and more draft are desirable. 
The material tends to set rapidly 
and thus it is usually possible to 
reduce cycles by anything from 
10 to 40% over the unfilled 
grades. For best filling and finish, 
heat the mold and not the com- 
pound. 

Typical of the applications 
where these improved properties 
are used to advantage are tape 
reels, blower wheels, battery 
cases, textile bobbins, fan blades, 
and automotive panels. 


Polystyrene foams 

Polystyrene foams are available 
in two types—free-flowing gran- 
ules which are expanded in place, 
and logs or planks from which 
shapes are machined. Both types 
of foam are available at densities 
below 2.0 Ib./cu. foot. Both ex- 
hibit very low water vapor trans- 
mission, low water absorption, 
low thermal conductivity, and 
good structural strength. Ex- 
panded polystyrene may be 
bonded to itself as well as to 
metals, glass, wood, and other 
solids. Polystyrene foam can be 
shaped as desired by molding or 
by common machining operations. 
Styrene foams are discussed in 
detail in the following section on 
Foamed Plastics. 
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Vinyl polymers and copolymers 


By C. R. WELTER* 


Tie field of vinyl polymers is 
generally considered to include 
polymers of vinyl chloride, vinyli- 
dene chloride, and vinyl esters 
such as vinyl acetate!; or copoly- 
mers of which these monomers are 
the major constituent. Of these, 
the most important are the vinyl 
chloride polymers, in both volume 
and diversity of use. 


Polyvinyl! chloride 


Vinyl chloride polymers and co- 
polymers are thermoplastics which 
are available as white powdery 
materials ranging in size from 1 
to over 300 microns. The composi- 
tion and properties are tailored 
for specific fabrication and end- 
use requirements. Under heat 
and pressure they can be fused 
into desired end products. They 
are generally compounded with 
stabilizers (lead, zinc, barium, or 
calcium compounds, some epoxy 
derivatives, and other materials), 
plasticizers (high boiling liquid 
esters and some soft resins and 
elastomers), colorants, lubricants, 
and other modifying agents. 

Vinyl chloride resins owe their 
great usage to their chemical, 
moisture, and oxidation resistance, 
transparency or ease of coloring 
to an infinite variety of shades 
and hues, flame retardance, di- 
mensional stability, ease of fabri- 
cation by a variety of techniques, 
and low cost. Use processing of 
these resins can be classified into 
fabrication by calendering, extru- 
sion, or molding; and coating by 
solution, dispersion, latices, or 
fluid bed. In either case the resins, 
which are inherently hard horn- 
like materials, can be changed to 
flexible pliable materials by incor- 
porating suitable plasticizers and 
other compounding ingredients 
such as stabilizers, pigments, lu- 
ricants, etc. 

Processing techniques include: 

‘alendering by hot processing in 

hich relatively large proportions 

f plasticizer are preblended with 
*Assistant director, Technical Center, Union 

abide Chemicals Co., South Charleston, 


ep "301. 
References were prepared by the editors. 


YL POLYMERS AND COPOLYMERS 


resin usually at room temperature, 
the mix fluxed in a Banbury mill, 
roll-milled, and then fed to the 
calender. A fairly fine, porous 
particle (75 to 150 microns) is 
usually favored for this type op- 
eration. Extrusion by dry-blend- 
ing in which lesser proportions of 
plasticizer are mixed hot with the 
resin and the dry-blend fed di- 
rectly to an extruder. This process 
favors a coarse (100 to 300 mi- 
crons) dense resin which absorbs 
plasticizer slowly until heated. 
These are general descriptions, 
since dry-blend may be calen- 
dered or hot process compounds 
cut into ribbons or diced to gran- 
ules to feed extruders. Molding is 
generally performed by compres- 
sion of compounded materials as 
for sound records or by vacuum 
forming of calendered or pressed 
sheets. In general, injection mold- 
ing is practical only with lower 
molecular weight resins. All of the 
foregoing methods involve work- 
ing or masticating the resin and 
plasticizer together in the fluxed 
or plastic state at elevated tem- 
peratures to develop the physical 
properties and the final form de- 
sired for the end use. In the case 
of rigid compounds, plasticizers 
are not present among processing 
additives. 

The other application technique, 
coating, uses either solvents or 
dispersants to carry the polymer 
and modifiers to the final form. The 
vehicle—solvent or water—may 
be volatilized to leave a coating, or 
the vehicle may be the plasticizer 
itself which upon heating becomes 
an integral part of the final com- 
pound. These latter are disper- 
sions of resin in plasticizer and 
can be used to mold as well as 
coat objects. (See Dispersion Res- 
ins below.) 


Polymerization 


Vinyl monomers undergo addi- 
tion polymerization in which 
successive small molecules of 
monomer add onto a growing 
chain to form large, macro-mole- 
cules or polymers. In this forma- 


tion from vinyl chloride, the 
double bond between the carbon 
atoms is the vinyl linkage which 
enables formation of long chains. 
Vinyl polymerization occurs rap- 
idly in the presence of catalysts, 
heat, and usually pressure. Condi- 
tions can be varied to yield a wide 
variety of polymer properties. 
Four commercial methods are dis- 
cussed in the paragraphs immedi- 
ately following: 

Bulk polymerization: The sim- 
ple method is to mix monomer and 
catalyst (an organic peroxide), al- 
low the system to react, and re- 
move the polymer which, for vinyl 
chloride, is insoluble in the 
monomer. The resulting resins are 
light and fluffy and free of ionic 
impurities. Hence, they are highly 
absorbent of plasticizers and have 
excellent electrical, color, and 
clarity properties. However, exe- 
cution of this process on a large 
scale has been considered hazard- 
ous and the suspension process, 
briefly described in the next two 
paragraphs, has become favored 
for general purpose resins. 

Suspension polymerization: This 
is essentially bulk polymerization 
of discrete droplets of monomer 
suspended, by agitation and a 
protective colloid, in water. The 
organic peroxide catalyst, col- 
loids such as polyvinyl alcohol, 
gelatin, or cellulosic derivatives, 
and modifying agents such as pH 
buffers must be selected with care, 
and high purity water must be 
used to yield high quality poly- 
mers. This type of reaction, con- 
ducted under pressure, is some- 
times termed granular or pearl 
polymerization. 

The suspension slurry can be 
easily filtered or centrifuged and 
the wet resin dried in conventional 
warm air dryers. The polymeriza- 
tion recipe and conditions can be 
varied to give a wide range of 
polymers which have good heat 
stability and desirable electrical 
properties. 

Emulsion polymerization: Vinyl 
chloride monomer is dispersed in 
water containing a small amount 








LUMINOUS CEILING fabricated of 
rigid vinyl sheeting provides bright, 
uniformly-lit interior, Acoustical con- 
trol is easily added. Vinyl’s flame-re- 
sistance presents minimum fire hazard 


SOLID ROCKET FUEL propel- 
lants used for Arcas missile 
(left) are made up of PVC, 
combined with plasticizer oils 
to form a plastisol system 


VINYL COATING on aluminum house 
siding enhances appearance of the 
building and gives the homeowner 
many years of carefree service. Vinyls 
are also used to coat other metals, 
masonry, wood, paper, and cloth 


of an emulsifying agent such as 
sodium lauryl sulfate and a water 
soluble peroxide catalyst such as 
potassium persulfate. Some proc- 
esses use a monomer-soluble cata- 
lyst and depend upon larger con- 
centrations of emulsifying agents 
or soaps and intensive mixing to 
disperse the monomer to the de- 
sired particle size of about one 
micron. Buffering agents may be 
added to control the pH. 

The colloid emulsion or latex 
may be coagulated with salts, 
washed, filtered, and dried to 
yield a fine absorptive resin suit- 
able for calendering. Much of the 
resin produced in Germany during 
World War II was by this method 
and emulsion resins are still used 
for processing on the continent. 
However, the process is more 
costly and the resins are less pure 
than by the suspension process, so 
the latter method has been fav- 
ored in this country for resins for 
general use. 

A unique variety of polyvinyl 
chloride is obtained by direct 
spray drying of latexes. These res- 
ins are known as dispersion or 
paste resins and are used by dis- 
persing directly into plasticizers to 
yield fluid systems which can be 
quickly fused into useful coatings 
or objects. Emulsion polymeriza- 
tion yields the small (one micron) 
dense spherical particles easily 
dispersible into but not dissolved 
by plasticizers that are required 
for dispersion applications. Since 
the resin contains the soaps and 
other ingredients of polymeriza- 
tion, it is usually unsuitable for 
electrical applications. 

Solution polymerization: This 
involves polymerization in a me- 
dium which is a solvent for both 
the monomer and polymer. As 
polyvinyl chloride is relatively in- 
soluble, this method has been 
used only for copolymers, espe- 
cially with vinyl acetate. The 
resulting resins are quite homo- 
geneous and free of gels since the 
polymerization takes place in a 
single continuous phase, unlike 
the two-phase systems of emul- 
sion or suspension polymerization. 
These qualities of clarity and pur- 
ity have made the solution-poly- 
merized resins especially useful in 
solution coatings, clear rigid 
sheets, sound records, and some 
grades of flooring. Because of the 
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difficult technology of the com- 
mercial solvent processes, suspen- 
sion and emulsion processes have 
been developed for obtaining co- 
polymers and have gained accept- 
ability in several applications. 


Processing 


General purpose resins: For 
calendering, resins are usually se- 
lected that retain a fairly dry 
fluffy appearance after consider- 
able plasticizer has been added at 
room temperature. The size ranges 
from 50 to over 300 microns with 
the range of 75 to 150 microns 
most common. These absorptive 
resins tend to have fine particle 
size, lower apparent density, and 
greater specific surface area than 
resins used in dry-blending. 

Dry-blending resins for extru- 
sion usually absorb plasticizer 
readily only when heated. These 
resins are generally coarse with 
higher density and lower plasti- 
cizer absorption than resins used 
in calendering. 

The resin and processing condi- 
tions in either of these areas can 
be adjusted for optimum results. 
In choosing the proper resin for a 
given end use, physical properties, 
processing temperature available, 
mixing techniques, specific proc- 
ess, and thickness and shape of 
the finished material are all im- 
portant considerations. Resins with 
a higher relative viscosity will 
usually result in higher strength 
properties and will generally re- 
quire higher processing tempera- 
tures. Thinner calendered thick- 
nesses or larger extruded or 
molded sections may process 
easier, at a slight sacrifice of prop- 
erties, by selecting a resin, or com- 
bination of resins, in a lower 
relative viscosity class. Since the 
lower molecular weight resin 
would require less plasticizer, the 
effect on total performance must 
be judged on the needs for each 
individual case. 

Dispersion resins: These previ- 
ously mentioned resins are han- 
dled as liquids and are fused to 
become useful plastic articles, 
either moldings or coatings. The 
ease and low investment cost of 
processing the wide variety of 
resins becoming available, and im- 
proved processing procedures have 
made this a rapidly growing field. 

Dispersions may be divided into 
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FLEET 
MEANS FASTER, BETTER SERVICE FOR YOU 
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Freeman operates its own, newly expanded fleet of modern carriers 
which bring to you the following advantages: 


Delivery Speed ... adds immediately available transpor- 
tation to greatly expanded production facilities. You get 
quicker delivery when you order from Freeman. 


Clean Products . . . With Freeman in complete control of 
its own tanks and drums, danger of product contamination 
during delivery is virtually eliminated. 


But good delivery service is not the only advantage of doing business 
with Freeman, Each of Freeman’s general product lines . . . Stypol 
polyesters, Chempol alkyds, Interpol coatings, Chempol foams and 
asphalts have their own Technical Service Departments staffed with 
trained men to help you with your formulations. You'll find it will 


pay to send your next order to Freeman. 
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these three general classifications: 

1) Plastisols, which usually con- 
tain plasticizers, stabilizers, fillers, 
color pigments, surfactants, etc., 
and are really liquid compounds. 

2) Organosols, which differ from 
plastisols in that they contain a 
nonaqueous, volatile liquid com- 
ponent. The liquid components are 
usually classified as dispersants or 
diluents. Dispersants aid in wet- 
ting and dispersing the resin. 
They are usually polar compounds 
and have a strong attraction for 
the resin. Examples of dispersants 
include esters, glycol ethers, ke- 
tones, and solvating plasticizers. 
Diluents are used to lower the 
viscosity of the liquid phase, and 
in general they tend also to reduce 
the per-pound cost of the formu- 
lation. They may modify the wet- 
ting, swelling, and flocculating 
characteristics of the dispersants. 
Examples of diluents are the aro- 
matic and aliphatic hydrocarbons. 
Diluents must have a minimum 
solvating action on the resin to be 
effective. For this reason the ali- 
phatic hydrocarbons are usually 
preferred over the aromatics. 

3) Modified plastisols, which 
contain additional ingredients 
such as blowing agents to produce 
foams or gelling agents to produce 
plastigels. One of the newest en- 
tries into the field is rigid plastisol. 
By utilizing blending resins and 
minimizing plasticizer loading, 
very hard coated or molded prod- 
ucts can be obtained. 

Blending resins are a relatively 
recent entry in this field. They are 
larger in particle size, about 35 to 
75 microns, and, because of their 
small ratio of surface to volume 
compared to the one micron dis- 
persion resins, they require much 
less plasticizer to wet the particles 
and hence allow reduction of the 
total ratio of plasticizer to resin 
with retention of adequate fluidity. 
Or, at a given ratio of resin to 
plasticizer, they serve to reduce 
the fluid viscosity of the dispersion 
for both high and low rates of 
shear. Note that fluid viscosity re- 
fers to the fluidity of the plastisol 
and should not be confused with 
“dilute solution viscosity,” which 
is a measure of the molecular 
weight of the resin. 

Advances in the technology of 
resin production have enabled the 
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Packaging Notes 


Collapsible 5-gal- 
ion jugis being ex- 
trusion blow-molded 
from PETROTHENE 
polyethylene by a 
Cleveland concern. 
This corrosion-re- 
sistant container 
can transport and 
store virtually any 
liquid, costs about 
90¢ with cardboard 
carton. 





Giant blow molding equipment turns 
out thin-wall drum liners of polyethyl- 
ene at the rate of 120 to 150 per hour. 
The two-station prototype illustrated 
has produced containers up to 80 gal- 
lons in capacity; is considered capable 
of blowing objects twice the size without 
difficulty. Molds operate alternately. 





New blow molding machine has produced ob- 
jects 15 to 80 gallons in size, including 55-gallon 
drum liners of U.S.1.'s PETROTHENE 106 poly- 


ethylene resin 


YORCe Peetas ary 





New Bag For U.S.1. Resin 


A ne lesigned 50-lb. bag now pack- 
ages .l. PETROTHENE resins. It has 
an 01 ply of semi-bleached Kraft, im- 
print ith a new 3-oval U.S.I. insig- 
nla. for this bright white, red and 
black , instead of the familiar red 
On br 


one, next time you order. 





Polyethylene Film Extrusion 
Operator’s Guide Issued By U.S.I. 


New 56-Page Manual First of Kind to Be Offered by a Raw Materials Producer 


“Polyethylene Film Extrusion... An Operating Manual” has just been 
published by U.S.I. The new 56-page booklet is the most complete and 
useful guide to efficient. polyethylene film extrusion ever published. The 


first comprehensive manual prepared by 
a resin producer expressly for film ex- 
truder operators, it represents a major 
effort by U.S.I. to improve and stand- 
ardize polyethylene film. 

The booklet provides the extruder oper- 
ator with everything he needs to know 
to make the best possible polyethylene 
film at the most efficient production rates. 
It distills the experience not only of 
U.S.L. sales and technical service depart- 
ments, but also of many extruders them- 
selves. It presents this information in 
easy-to-understand terms familiar to 
everyone — those who operate and main- 
tain extrusion equipment, as well as their 
supervisors. 


First the Basics... 


For workers new in the field, this manual 
provides such fundamental information 
as what polyethylene is, how it’s made 
and how modifications of its basic molec- 
ular characteristics affect resin and end 
product properties. 

A section on what happens to the poly- 
ethylene resin on its way through the 
film extruder follows. Included are sim- 
ple diagrams of the extrusion machine 
and explanations of the functions each 
part performs. 

Next come tips on how to open a poly- 
ethylene resin bag properly to save time 
and minimize contamination problems. 


Then the Particulars 
The core of U.S.I.’s new manual helps 
define the problems operators and main- 
tenance men have to cope with and offers 





Pages 14 & 15 of U.S.1.'s new information-packed 
56-page booklet which is available through U.S.! 
salesmen. 


some practical solutions. Specifically 
there are chapters on: melting the resin; 
film cooling and frost line; the blown 
film bubble; take-off and windup equip- 
ment; checking and keeping a record of 
extruder controls; cleaning the extruder ; 
means of increasing output and improv- 
ing quality. The last contains a full-page 
table listing the most common defects in 
extruded film and their possible causes. 


50 Do’s and Don'ts 


The booklet winds up with some basic 
safety rules and a checklist of some 50 
Do’s and Don’ts, which is also available 
as an 11” x 15” wall chart for posting 
near the extruder. 

Copies of the operating manual and 
poster can be obtained through your 
U.S.1. salesman. Sales office branches are 
found in most large cities. Ask your 
U.S.L. salesman for your copy and extra 
copies for your plant operators. 





Did You Miss These? 


Reprints of two recently published arti- 
cles on polyethylene are currently avail- 
able through U.S.L.: 

1. “Poly Bread Wraps: Growth Con- 
tinues,” 4 pages, by William U. Funk, 
U.S.I. Sales Engineer. 

2. “The Effect of Molecular Weight 
Distribution on the Flow Properties of 
Polyethylene,” an 8-page technical report 
of experimental work conducted at 
U.S.L.’s Polymer Service Laboratories. 

If you missed either or both of these 
timely articles, or would like extras for 
your file, copies can be obtained by 
writing Technical Literature Depart- 
ment, U. S. Industrial Chemicals Co., 
99 Park Avenue, New York 16, N. Y. 





Pipe, Fittings of Polyethylene 
OK'd by New York City 


For the first time, the N.Y.C. Board 
of Standards and Appeals has ap- 
proved polyethylene pipe and fittings 
for acid and chemical waste systems. 
The approved drainlines, made by a 
Rochester, N. Y., company, are now 
also acceptable to Buffalo, Cincin- 
nati, Detroit, Los Angeles, the State 
Plumbing Code of Michigan and the 
Plumbers’ Examining Board of Rich- 
mond, Va. 




















POLYETHYLENE 
PROCESSING TIPS 


5% YEARS OF “TIPS” 
AVAILABLE IN ONE BOOKLET 


Since the “U.S.1. Polyethylene Processing Tips” was intro- 
duced in 1956, this series has provided a variety of prac- 
tical information designed to help you make top-quality 
polyethylene products. The following listing shows the 
breadth and depth of subjects covered in the 34 “Tips” 
issued to date. We have just reprinted all these in one 
booklet. Write for your personal copy. 


“Tips’’ on Selecting Proper Polyethylene Resins 


With more Types Than Ever, Here’s Help in Choosing 
the Right Polyethylene (11,1). Summarizes effects of 
resin density, molecular weight and molecular weight dis- 
tribution on end-product properties. 

How Resin Density Affects Polyethylene Properties 
(11,2). Graphically shows the effect an increase in resin 
density has on end properties of a processed part. 

How Molecular Weight Affects Polyethylene Properties 
(11,3). Graphically shows relation between molecular 
weight and principal properties. 

How Molecular Weight Distribution Affects Polyethyl- 
ene Properties (11,4). Graphically shows relation between 
molecular weight distribution and principal properties. 

Resin Properties That Affect Stress-Crack Resistance 
of Polyethylene (11,6). Superior stress-crack resistance is 
obtained by balancing effects of resin melt index, molecu- 
lar weight distribution and density. 


“Tips’’ on Compounding 


Predicting End Properties of Blended Resins (III,2). 
Chart and formula for predicting melt index or density 
of blends. 

How To Achieve Satisfactory Pigment Dispersion in 
Dry Coloring (IV,4). Processing conditions, pigment 
characteristics and resin properties factors affecting 
pigment dispersion are discussed. 


‘Tips’’ on Determining Optimum Processing Conditions 


Improving Extruder Efficiency With Pressure Gauge 
(1V,5). Expiains how pressure gauge helps operator main- 
tain proper schedule for breaker plate and screen pack 
maintenance. 

Processing Conditions Affect Stress-Crack Resistance 
of Polyethylene Products (III,1). Adjustment of molding 
temperature, cooling rate and mold design increases stress- 
crack resistance 

How To Prevent Resin Contamination In Your Plant 
(1V,2). Outlines simple precautions to prevent downtime 
and low quality production caused by resin contamination. 


“Tips” on Obtaining Specific Properties 


Factors Affecting Permeability of Polyethylene (IV,3). 
Permeability depends on material being contained, poly- 
mer density, and processing conditions. 

Properties That Affect Greaseproofness of Polyethyl- 
ene Coatings (ITV,6). Discusses importance of resin den- 
sity and melt index and coating weight on greaseproofness 
in relation to economical operation of equipment. 

How Carbon Black Quality Affects Weather Resistance 
of Polyethylene (11,5). Smaller particle size carbon black, 
well dispersed, gives best resistance to aging. 


“Tips"’ on Film Extrusion and Extrusion Coating 


How to Minimize Neck-In in Extrusion Coating and Flat- 
Film Casting (III,5). Machine conditions and resin prop- 
erties affecting neck-in are discussed. 


How Resin Density Affects Film Properties, Extrusion 
Conditions (I11,4). Resins of higher density require dif- 
ferent operating conditions; produce films with better 
optical properties, more tensile but less impact strength. 

Cast Film Process Gives Top Clarity Film (IV,2). 
Covers casting process and compares properties of cast 
film with blown film. 

Control Stock Temperature To Improve Film Properties 
(V,1). Discusses importance of determining and control- 
ling optimum stock temperature to prevent film defects. 

How Stock Temperature Affects Optical Properties of 
Cast Film (V,2). Examines effect of temperature on 
gloss, transmittance and haze of cast film. 

Factors Affecting Adhesion in Extrusion Coating (V,3). 
Discusses physical and chemical bonding of resin to sub- 
strate and influence of resin and operating conditions 
on them. 

Transmission of Moisture Vapor Through Polyethylene 
Films and Coated Paper (VI,3). Discusses effect of film 
density and coating weight on moisture vapor transmis- 
sion in relation to the resistance to moisture penetration 
required. 

Annealing Chamber Improves Optical Properties of 
Polyethylene Film (V,6). Describes annealing chamber 
developed by U.S.I. and its use in improving optical 
properties. 

How To Avoid Wrinkling in Extrusion of Blown Tubing 
(IIL,3). Die adjustment, film temperature control and 
adjustment of guides and rollers are among preventive 
measures discussed. 

How To Determine Optimum Blow-Up Ratio (VI,1). 
Discusses effect of blow-up ratio on film properties and 
means of obtaining best balance of properties. 


“Tips” on Treating, Printing, Sealing 


Heat Sealing of Film (1,6). Quality of seal is affected by 
machine factors (temperature, pressure and time) and 
film factors (thickness, resin melt index, bag style). 

Printing on Polyethylene Film: How To Surface-Treat 
for Good Ink Adhesion (III,6). Flame and electronic 
treaters and test for degree of treat are covered. 

Printing on Polyethylene Film: How To Get Best 
Results in Flexographic Printing (IV,1). Discusses com- 
position of inks, keeping colors mixed, order of printing 
in multicolor operations, overprinting, test for satisfac- 
tory printing. 

Machine Characteristics Affecting Heat Seals (V,5). 
Discusses types of sealers and how to obtain best results 
with each. 


“Tips” on Injection Molding 
Increase Production Rates By Choosing Right Resin 
(1,1). Resin with flow properties best suited for given 
application cuts cycle time and increases 
Reduce Warpage in Injection Molding (1,3). Internal 
stress can be reduced by adjusting mold conditions, chang- 
ing to another resin, redesigning mold, or a combination 
of all three. 


Molders Can Minimize Shrinkage (1,4). Lower mold- 


ing temperatures and high melt index resins are keys to 
less shrinkage. 


“Tips’’ on Blow Molding 


Blow Molding: Selecting Best Polyethylene Resin, Opti- 
mum Operating Conditions (V,4). Discusses resin, extru- 
sion and molding factors on bottle properties and output. 
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For your customers, polyethylene film made from U.S.I.'s 
offers important advantages 
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Colorful PETROTHENE® polyethylene resins 
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APPLICATION GUIDE TO 


PETROTHENE 


POLYETHYLENE RESINS 


The following table lists the principal applications 
of the most commonly used U.S.1l. PETROTHENE® 
polyethylene resins, along with their main charac- 
teristics. Several of the many available compounded 
resins are listed as well. For almost all applica- 
tions, a number of resins of varying densities and 
melt indexes is suggested. 


Such a table can only serve as a general guide 
since it cannot include all possible applications 
and all resins which are being successfully used by 
processors. To choose the resins best suited to 
your needs, it frequently will be advisable for you 
to contact your nearest U.S.I. Sales Office. 


PETROTHENE® 


SUGGESTED PETROTHENE POLYETHYLENE RESINS 


Density 
Melt Index 20 |20 20 |20 4 |30 [80 [30 [50 22 8.0 
APPLICATIONS = = : 
Film 
general purpose 
(blown 
(cast) 
produce bags 
garment bags 


soft-goods bags 








overwrap, bread wrap 
(cast 


drum liners 

construction 

mulch 

shin packaging 
Pipe 


Extrusion coating and 
Laminating 


Wire and Cable coating 
Calendering 


Sheet Extrusion and 
Thermoforming 


Injection Molding 
Blow Molding 
Atomic Reactor 
Blending 


Notes: Technical Data Sheets available for ail of above resins *Density of base resin 
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U.S. 1. SALES OFFICES 


ATLANTA 3, GEORGIA 
BALTIMORE 4, MARYLAND 
BOSTON 14, MASSACHUSETTS 
CHICAGO 5, ILLINOIS 
CINCINNAT! 11, OHIO 
CLEVELAND 13, OHIO 
DETROIT 16, MICHIGAN 
KANSAS CITY 6, MISSO'R! 


524-5112 127 Peachtree St., N.E 
Valley 5-1141 200 East Joppa Road 
Capitol 7-8140 150 Causeway Street 
Wabash 2-1650 624 S. Michigan Avenue 
Montana 2-1222 3319 Glenmore Avenue 
Cherry 1-0073 Rockefeller Building 
Woodward 1-4220 1448 Wabash Avenue 


Victor 2-2413 823 Walnut Street 
805-6 Waltower Bidg. 


Hubbard 3-8781 1901 West Eighth St. 
Twinbrook 5-5456 111 S. Hubbard’s Lane 
Franklin 7-6450 3701 Wayzata Bivd. 


LOS ANGELES 57, CALIFORNIA 
LOUISVILLE 7, KENTUCKY 
MINNEAPOLIS 16, MINNESOTA 


NEW ORLEANS 12, LOUISIANA Jackson 2-0521 708 Maritime Building 
NEW YORK 17, NEW YORK Oxford 7-0700 420 Lexington Avenue 
PHILADELPHIA, PENNSYLVANIA Mohawk 4-5110 1 Bala Avenue 

Bala Cynwyd, Pa. 
ST. LOUIS 17, MISSOURI Woodland 1-4400 1401 Brentwood Bivd. 
SAN FRANCISCO 18, CALIFORNIA Skyline 2-8070 515 Spruce Street 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 


























resin manufacturer to produce 
resins with many of the rheological 
properties which fit specific appli- 
cations. Thus, custom compound- 
ers who ship pastes great distances 
over extended periods of time can 
have a resin with excellent paste 
viscosity stability on aging. And in 
roller coating operations, etc., 
where speed of curing is essential, 
a resin can be had which solvates 
rapidly in order that maximum 
physical properties may be devel- 
oped rapidly. 

Dispersion systems are used 
extensively for coating metal, 
cloth, paper, and felt base for 
flooring, or for casting film. They 
may be applied by knife or roller 
coating, spreading, dipping, or 
spraying. Thick sections can be 
formed by dip or slush molding or 
rotational casting or molding. 
Coupling the latter technique with 
blending resins or reactive plasti- 
cizers permits production of fairly 
large strong semi-structural ob- 
jects to compete with the more 
conventional fabrication tech- 
niques. 


Latex 


Latex is a colloidal suspension 
of vinyl polymer or copolymer 
resin particles in water, usually 
with a total solids content of 45 
to 55%, and is produced by emul- 
sion polymerization. The resin 
particles are true colloids of 
spherical shape. Latexes are modi- 
fied by addition of either water 
soluble materials or colloidal 
suspensions. Protective colloids, 
thickeners, emulsified plasticizers, 
and colloided pigments are often 
present. These systems are quite 
complex in formulation and appli- 
cation and specific emulsifiers 
must be studied and selected for 
each use. 

A typical latex contains about 
50% solids with a Brookfield vis- 
cosity of 20 to 150 cps. The molecu- 
lar weight of the polymer com- 
ponent can vary widely. 

Other vinyl latexes, while usu- 
ally considered a part of the rub- 
ber industry, overlap the uses of 
vinyl polymers; technically, they 


are also vinyl polymers. These in- 
clude vinyl benzene (styrene), 
vinyl cyanide (acrylonitrile), and 
vinyl pyridine. 

The 


lry form of copolymers of 
styrene and butadiene is the syn- 
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Where heat and humidity are high... 


Specify D-A-P 





DIALLYL PHTHALATE 
MOLDING COMPOUNDS 





















the best dielectric with 
the best moldability 


Acme, through rigid control, inspection and 
testing, insures their Diallyl Phthalate Mold- 
ing materials to be the ultimate in superior 
electrical properties, dimension stability and 
molding reliability. 


ACME D-A-P is the ideal material for use 
as component dielectrics or molded parts in 
aircraft, missiles, communication and com- 
puting equipment. 


ACME D-A-P combines the prime quali- 
ties of exceptional dimensional stability and 
strength with high arc, insulation-and- 
moisture resistance. 


ACME D-A-P materials are designed to 
meet MIL-M Specifications, and to provide 
the right grade for every job. 


ACME D-A-P is resistant to heat, acids, 
alkali and fungus. 


ACME RESIN CORPORATION 


1401 CIRCLE AVENUE « FOREST PARK, ILLINOIS 
(A Suburb of Chicago) 








reprints 


to work 


Reprints of articles, 
features and news items 
that appear in 

Modern Plastics are often 
surprisingly inexpensive 
when ordered in quantity. 
Many companies make 

it a practice to have stories 
which have a bearing on 
their business reprinted for 
distribution to their 
personnel, customers, 
prospects, stockholders 


or to other interested 


groups. 


Whenever you see editorial 
matter of this type in 
Modern Plastics magazine 
or the Encyclopedia Issue 
which you can use in 
reprint form, in quantities 
of 200 copies or more, 
write and quotations will 
be furnished promptly. 


INDUSTRIAL 

MAGAZINE 

SERVICE 

An Affiliate of Breskin Publications 
770 Lexington Avenue 


New York 21, N. Y. 





thetic rubber, GR-S. Latexes are 
used to produce elastic foams, im- 
pregnate or coat fibrous materials, 
and especially for latex paints. 
Likewise, copolymers of acryloni- 
trile and butadiene are known as 
Buna N rubber which has high 
oil-resistance and these latexes are 
used in leather treatment. Vinyl 
pyridine can be polymerized and 
compounded to improve adhesion 
of rubber to nylon or rayon tire 
cord and so reduce ply separation 
and consequent tire failure. 

Latexes are used for coating or 
impregnation of fibrous materials 
such as fabric, paper, non-woven 
constructions, and leather. This 
treatment improves abrasion re- 
sistance, strength, washability, and 
flame and chemical resistance. 
Specific applications include: 1) 
fabric precoats for subsequent ap- 
plication of plastisols or vinyl so- 
lutions; 2) binders for phosphates, 
antimony oxide, and chlorinated 
paraffins for flame resistance; 3) 
heat sealable coats for lamination 
of paper and fabric; 4) abrasion 
resistant coatings and 5) water 
based paints. They can be applied 
by most conventional methods or 
by specially adapted techniques. 

An area of special interest to 
vinyls is that various combina- 
tions of these monomers can be 
copolymerized to yield resins suffi- 
ciently compatible with polyvinyl 
chloride to serve as modifiers to 
increase impact strength or proc- 
essing ease. These are often graft 
polymers—new chains grown onto 
old chains of different composi- 
tion—and the molecular structure 
and exact method of compounding 
are very important in achieving 
maximum performance. 

Fluid bed coating: A new tech- 
nique for coating metal objects is 
fluid or powder bed coating in 
which heated metal objects can be 
immersed in a bed of fine granules 
of formulated resins which are 
fluidized by bubbling inert gas 
through the bed. The granules ad- 
here to and flow out on the hot 
metal surface. The full role of this 
innovation has not yet been de- 
fined, 


Polyvinyl! chloride-acetate 


Copolymerization of vinyl chlo- 
ride with vinyl acetate results in 
a material which retains much of 
the toughness and chemical resist- 


ance of polyvinyl chloride and has 
increased flexibility. These copoly- 
mers are odorless, tasteless, water - 
resistant, and self-extinguishing; 
they possess good dielectric prop- 
erties and a low order of toxicity. 
The viny! chloride content in these 
copolymers varies from 85 to 97 
percent. All four polymerization 
processes—bulk, emulsion, solu- 
tion, and suspension—are used. 

Also like their parent polymers, 
vinyl chloride-acetate resins are 
modified by the addition of plas- 
ticizers, heat stabilizers, pigments, 
and fillers to obtain a variety of 
products. As in vinyl chloride 
compounds, the inclusion of plas- 
ticizers among other additives re- 
sults in flexible end products; in 
the absence of plasticizers rigid 
products are obtained. They are 
supplied as sheets, rods, tubes, 
granules, powders, and disper- 
sions, and may be processed by 
standard molding, extrusion, cal- 
endering, and casting, as well as 
the various coating techniques. 

Vinyl chloride-acetate copoly- 
mers have been particularly use- 
ful in the form of unplasticized 
sheets which are produced com- 
mercially with calendered, matte, 
or planished finish in a variety of 
thicknesses, colors, and degrees of 
transparency. One of the fastest- 
growing applications for these 
resins is in skin-packaging with 
cast film. 

Vinyl chloride-acetate elasto- 
meric materials are used for up- 
holstery, handbags, luggage, gas- 
kets, and packaging applications 
and are extruded into rods or 
tubes for electrical jacketing and 
insulation. Three major areas of 
use are sound records, floor tile, 
and solution coatings. 


Soluble copolymers 

The polyvinyl chloride polymers 
are not sufficiently soluble for 
lacquer coating formulations. To 
obtain increased solubility, vinyl 
chloride is copolymerized with a 
number of other monomers, such 
as vinyl esters or the maleates or 
vinylidene chloride to modify the 
polymer molecule. 

A number of vinyl copolymers 
have been developed for applica- 
tion in diversified lacquer-type 
coatings. These resins are designed 
with varying degrees of solubility 
so that a resin may be selected for 
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specific application requirements. 
However, the solubility of long- 
chain organic polymers cannot be 
altered without affecting some of 
the physical properties. Therefore, 
performance characteristics must 
be carefully considered in the de- 
sign of a polymer. 

Resins are usually in the low to 
medium range of molecular weight 
since solubility decreases rapidly 
with increasing molecular weight. 
Since the type and ratio of co- 
monomers affect the dilute solu- 
tion viscosity, molecular weights 
are not directly comparable be- 
tween copolymer types; and solu- 
tion viscosity in specified solvents 
at higher concentration, often 
20%, is often used as a more prac- 
tical measure of utility. Some res- 
ins are designed for metal adhe- 
sion, while others are designed as 
strip coatings. Transparency, as 
well as chemical, electrical, and 
abrasion resistance, are additional 
outstanding properties. 


Applications in industry 


Nonrigid (flexible or elasto- 
meric) vinyls are used widely as 
insulating and jacketing materials 
on electrical wire and cables. 
Their excellent dielectric proper- 
ties and resistance to oil and water 
make them especially suitable for 
this purpose. Their versatility is 
demonstrated by their acceptance 
for a wide variety of extruded 
items such as garden hose, refrig- 
erator gaskets, shoe welting, storm 
window gaskets, medical tubing, 
automotive gaskets, electrical 
sleeving, and chemical and other 
process piping. 

Thin films of vinyl plastic are 
fabricated into protective gar- 
ments, rainwear, aprons, shower 
curtains, and baby pants, as well 
as such items as garment bags, 
hospital sheeting, and draperies. 
Heavy gage sheets are widely used 
as upholstery for furniture and in 
accessories such as handbags and 
belts. 

Vinyl sheeting is laminated to 
fabric backing to produce coated 
fabrics for automotive upholstery 
and outer wearing apparel. It or 
film is used for wall coverings and 
for achieving other decorative end 
result: 

A relatively new technique using 
heat, pressure, and special adhe- 
Sives is employed to laminate vinyl 
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Glaskyd Reports On 


MOLDING 
COMPOUNDS 


With Unique Electrical Properties 


... including new 4000 “Trak-Less” material 


Looking for idea-materials with im- 
portant physical and electrical prop- 
erties that can improve product 
performance and better design? 
Check the chart below for general 
data on 9 important Glaskyd glass 
reinforced alkyd molding compounds. 
Among the various compounds, 
each of which lends itself to rapid 
precision molding, there may be a 
material that can be of definite help 
to your organization. We welcome 
the opportunity to consult on 
special needs. 


Glaskyd alkyd molding compounds 
in continuous rope form were de- 
veloped to combine the utmost in 
economy and speed of molding. 
Unchanging consistency and uni- 
formity permit accurate batching to 
molds by merely cutting to length. 
Exceptionally fast molding cycles 
from 7 to 90 seconds—and moder- 
ate molding pressures may indicate 
a lower investment both in number 
of presses and mold cavities. Glaskyd 
is readily molded by compression, 
transfer and plunger methods. 


APPLICATIONS CHART ON 9 PRODUCT PROVEN MOLDING COMPOUNDS 
GENERAL DESCRIPTION | RECOMMENDED APPLICATIONS 


ONLY MOLDING COMPOUNDS IN CONTINUOUS ROPE FORM 


Available in diameters of 4" to 1% "’. 
Accurate charges obtained simply by 
cutting—no n to weigh mold 
charge. Larger diameters in log or 
precut pieces to meet individual 
requirements. Glaskyd also comes in 
rectangular and other special extru- 
sions required for specific uses. 


+ ECONOMICAL MOLDING OPERATION: GLASKYD is 
readily molded by compression, transfer and plenger 
methods. Especially designed cutters and feeders make 
possible completely automatic operation. Fast cure and 
short cycles are particularly seg = ad in premitting 
high production with few cavities. Relatively low pressure 
requirements reduce mold and press costs. Flash is easily 
removed from moldings and insert by conventional methods. 


WIDE COLOR RANGE... functiona; color 
aids in fast identification of components, 
makes for accurate and economical as- 
sembly or future servicing of product. 
Gilaskyd standard and special colors en- 
courage and assist the design engineer. 


Write for Descriptive Literature 


GLASKYD 


INCORPORATE D 





Perrysburg, Ohio 





sheeting to sheet metal such as 
steel, aluminum, and magnesium. 
The excellent durability and 
abrasion resistance of vinyl] plas- 
tics have made them useful as 
binders in vinyl asbestos tile, as 
the major component in fully re- 
silient tile, as the wear layer in 
laminated tile, and as continuous 
sheet over felt or paper to replace 
linoleum as a floor covering. 
Functional and decorative rigid 
shapes are being used to replace 
light-weight metals in industrial 
applications. Rigid vinyl sheets, 


POLYVINYL ALCOHOL 


usually self-extinguishing, present 
a minimum fire hazard and are of 
interest to the building industry 
for such applications as decorative 
paneling and luminous ceilings 
or for industrial applications such 
as fume hoods and ducts. They are 
also particularly suited for the 
vacuum forming industry and are 
used to make such items as pack- 
ages, advertising displays, and 
electrotype molds. Phonograph 
records molded from rigid vinyl 
copolymer plastics have high fidel- 
ity, low surface noise, and are 


virtually unbreakable. (For more 
on Rigid Vinyls, see p. 302). 

Expanded vinyl: The nonrigid 
and semirigid vinyl plastics are 
being rapidly accepted in ex- 
panded items such as comfort 
padding and fishing floats. A com- 
paratively recent development is 
the use of vinyl pastes in a foam- 
ing process for the commercial 
preparation of low-density ex- 
panded polyvinyl chloride prod- 
ucts as formed cushions or con- 
tinuous slabs. (See also the section 
on Foamed Vinyls, p. 395). 





Since vinyl alcohol does not 
exist in monomeric form, vinyl al- 
cohol resins cannot be prepared by 
direct polymerization but are pro- 
duced by the hydrolysis of poly- 
vinyl acetate, using an acid or 
alkali catalyst. Polyvinyl alcohol 
resins are processed by molding, 
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extrusion, and solution coating. 
They produce tough, flexible 
products that are impervious to 
gases and solvents such as aro- 
matic and aliphatic hydrocarbons, 
chlorinated hydrocarbons, and 
animal and vegetable oils. 

Major uses are as a thickening 


colloid in aqueous solution for 
suspension systems or as adhe- 
sives, binders, textile and paper 
sizes, etc. The use of polyvinyl 
alcohol resins is increasing as 
formed objects or as film, un- 
treated, or treated to impart water 
insolubility. 





These resins differ from poly- 
mers of vinyl chloride and vinyl 
acetate in that they do not result 
from the addition polymerization 
of monomer. Instead, polyvinyl 
acetals are produced by the con- 
densation of polyvinyl alcohol 
with an aldehyde while in a suit- 
able solvent. The three main poly- 
vinyl acetals are polyvinyl acetal 
itself, made with acetaldehyde; 
polyvinyl butyral; and polyvinyl 
formal. All have outstanding ad- 
hesive qualities. Polyvinyl acetal 
is not now commercially available. 

Polyvinyl butyral: Because of 
its high degree of clarity, even 


POLYVINYLIDENE CHLORIDE 


When vinylidene chloride is 
polymerized alone or copolymer- 
ized with other monomers, a series 
of resins is produced which range 
from flexible, moderately soluble 
materials with a softening point 
of about 160° F., to hard, tough 
products with a softening point of 
335° F. or more. These resins are 
characterized by extremely low 
water-vapor transmission and ex- 
ceptional oil, grease, and chemical 
resistance. 

The basic resins are nonflam- 
mable and are soluble only in 
cyclic ethers and ketones. The in- 
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under adverse conditions of mois- 
ture, heat, and cold, this resin is 
best known for its use as an elas- 
tic sheeting for safety-glass inter- 
layers. However, it also performs 
in an outstanding fashion as a base 
for wash primers or metal condi- 
tioners. Applied in an extremely 
thin film, this conditioner provides 
an excellent adhesive bond for 
subsequent coats and provides 
temporary resistance to corrosion. 
Phenolic, alkyd, and oleoresinous 
paints adhere to the wash primer, 
usually with improved perform- 
ance. This primer permits an all- 
vinyl system to be used in marine 


and industrial applications. The 
resin can also be cross-linked by 
phenol formaldehyde and urea- 
formaldehyde resins to produce 
coatings and adhesives for bonding 
phenolics, rubber, cork, asbestos 
board, wood, glass, metals, etc. 

Polyvinyl formal: Used chiefly 
in wire coatings in combination 
with cresylic phenolics or other 
impregnants, this resin can also 
be molded, extruded, or cast. Like 
polyvinyl butyral, this resin re- 
sists alkalies, greases, oils, and 
water. However, it is not as com- 
patible with other resins as is 
polyvinyl butyral. 





solubility of some vinylidene 
chloride resins allows them to be 
used in many applications requir- 
ing exceptional chemical resist- 
ance. These polymers are compati- 
ble with very few other resins and 
plasticizers; however, it is pos- 
sible for them to be modified for 
specific applications. 
Polyvinylidene chloride resins 
have been found particularly 
well-suited for injection molding 
and extrusion. They can be ex- 
truded into rigid pipe and injec- 
tion molded into pipe fittings. Ex- 
truded and oriented monofila- 


ments are used in weaving up- 
holstery fabrics, draperies, and 
weather-resistant screening. As a 
film, polyvinylidene chloride is 
used for a variety of heat-sealing 
packaging applications where low 
permeability to vapors is import- 
ant. 

Copolymers of vinylidene chlo- 
ride with vinyl chloride are more 
soluble than either separate poly 
mer, and have found widespread 
use as vinyl lacquers. These resins 
can also be formed by calendering 
or extrusion and have excellent 
heat sealing characteristics. 
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POLYVINYL ACETATE 





By W. D. JONES* 


Polyvinyl acetate is prepared by 
the polymerization of vinyl ace- 
tate in the presence of a catalyst 
in a manner similar to vinyl chlo- 
ride polymerization. At present, 
it is being produced by more than 
two dozen manufacturers in three 
principal types: 1) bead polymers, 
2) solution polymers, and 3) dis- 
persion or emulsion polymers. 
These types are available both as 
homopolymers and as copolymers. 

The bead polymers are pro- 
duced by suspension polymeriza- 
tion and are used primarily in the 
manufacture of hot melt adhe- 
sives, solvent adhesives, and lac- 
quers, and as intermediates for 
the manufacture of polyvinyl] alco- 
hol and polyvinyl acetals. 

The solution polymers are gen- 
erally of lower molecular weight 
and are prepared by polymeriza- 
tion in a solvent such as acetone, 
ethyl acetate, or benzene. These 
materials are used directly or are 
compounded for use as adhesives. 
The solution polymers are also 
used in lacquers. 

By far the greatest portion of 
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polyvinyl acetate is used as emul- 
sions. These are produced by 
emulsion or dispersion polymer- 
ization generally at 55% non- 
volatiles by weight. The emulsions 
mix readily with water and are 
used in architectural paints, coat- 
ings, adhesives, sealers, non- 
woven fabric binders, fabric fin- 
ishes, and paper coatings, and as 
strengthening additives in cement. 

The homopolymer emulsions 
usually require  plasticization, 
with either monomeric or poly- 
meric plasticizers. On the other 
hand, soft copolymers are avail- 
able which do not require exter- 
nal plasticization. These copoly- 
mers have various properties, 
depending on whether the comon- 
omer is dibutyl fumarate, 2-ethyl 
hexyl acrylate, ethyl acrylate, or 
combinations of these and other 
comonomers. Copolymers. with 
acrylic or crotonic acid are desir- 
able for applications which require 
alkali solubility. Emulsion copoly- 
mers with vinyl chloride are hard 
and non-blocking and are widely 
used in adhesives and paper coat- 
ings. 

The rapidly growing market for 
paints based on emulsion polymers 
has stimulated a departure from 


the traditional products of this 
field. Emulsions, both homopoly- 
mer and copolymer, are now 
available which can be com- 
pounded into water-dilutible 
paints that form films of outstand- 
ing durability. Paint vehicles re- 
quire emulsions of fine particle 
size (under 0.30 microns) to pro- 
vide stability and facilitate the 
addition of pigment. Their low 
cost, stability over alkaline sub- 
strata, self-priming characteris- 
tics, and the quick dry and quick 
recoatability of emulsion paints 
have promoted wide acceptance. 

Although the adhesive industry 
was one of the first to recognize 
polyvinyl acetate emulsions, this 
use is not growing as rapidly as is 
the use in paints. The quick bond- 
ing characteristics of polyvinyl 
acetate emulsion adhesives allow 
high machine rates and are, there- 
fore, displacing natural adhesives 
in many packaging applications. 
The adhesive industry requires 
emulsions of much larger particle 
size than the paint industry. It is 
desirable to use fairly large quan- 
tities of polyvinyl alcohol in these 
emulsions to enhance adhesion, 
particularly to cellulosic sub- 
strates. 
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For information on injection mold- 
ing and extrusion, see Engineer- 
ing and Methods section title page, 
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Rigid vinyls 


By ROBERT J. COLLINS*, GEORGE A. FOWLESt, ROBERT F. DETTELBACHi 


O.,, ten years ago, commercial 
interest in unplasticized (rigid) 
polyvinyl chloride (PVC) was 
negligible. Yet by 1960 the con- 
sumption of rigid PVC for pipe 
and profile extrusions was at an 
annual rate of about 20 million lb. 
of material, and it is estimated 
that this will continue to grow at 
a rapid rate. 

Also in the rigid vinyl field is a 
copolymer of polyvinyl chloride, 
developed somewhat earlier than 
straight PVC; the two materials 
are quite different in composition 
and should not be confused with 
each other in the following dis- 
cussion. Physical properties of the 
copolymer and of the two com- 
mercially available types of un- 
plasticized PVC are 
Table I, p. 304. 

The chemical inertness of rigid 
vinyls is often their prime recom- 
mendation. They can withstand 
many acids and alkalies, metallic 
and ammonium salts, and organic 
media such as alcohol and ali- 


given in 


phatic hydrocarbons. They also 
show good tensile strength, abra- 
sion resistance, resistance to heat 
distortion, and excellent electrical 
properties. 


Types available 

Unplasticized PVC compounds 
consist essentially of a polyvinyl 
homopolymer of high molecular 
weight, suitably compounded with 
stabilizer, lubricant, and pigment. 
The normal-impact formulation, 
usually referred to as Type I, is 
compounded to the minimum ex- 
tent necessary to good 
processing. Type I rigid vinyl 
compounds show notched Izod 
impact values in the range of 0.80 
ft.-lb. and are noted for their 
property of superior chemical re- 
sistance. 

High-impact rigid vinyl, known 
as Type II, is modified during 
manufacture to increase impact 
resistance. The slight loss in 


secure 
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chemical and other physical prop- 
erties that results is of importance 
only in critical applications, and 
Izod impact values of 15 ft.-lb. are 
developed. 


Processing 


Extrusion consumes the largest 
volume of rigid PVC and is very 
likely to increase its lead in the 
future. Injection molding and cal- 
endering are also important meth- 
ods of processing normal- and 
high-impact PVC. 

The extrusion of pipe, for exam- 
ple, has progressed in quality and 
has become sufficiently standard- 
ized to permit accurate prediction 
of performance under specified 
conditions. Large cross-sections 
have become much less of a prob- 
lem. A 14-in. pipe, for example, is 
now being produced as a com- 
mercial item. The surface is ex- 
cellent, and roundness and wall 
thickness are maintained within 
very close tolerances under pro- 
duction conditions. 

Improvements have also been 
made in the design of dies for the 
extrusion of rigid PVC sheet. A 
new development is a flat die for 
extruding 48-in. sheet in a wide 
range of thicknesses. Such sheets 
eliminate costly laminating of cal- 
endered sheeting to acquire the 
desired thickness and put rigid 
vinyls in a position to compete 
costwise with other plastics in this 
area. 

The increased number of screw- 
type injection molding machines 
in this country will expand the 
use of rigid vinyl molding mate- 
rials. Also, equipment is now 
available which will allow blow 
molding a variety of rigid vinyl 
compounds. 


Pipe 

Most of the recent activity in 
rigid PVC extrusion has been in 
pipe, with normal-impact material 
going principally into the eastern 
market for processing industries 
(i.e., brewing, vinegar, chemical) 
and the high-impact type directed 
toward the western market for oil 


field, gas, and water piping and a 
number of similar applications. 

Petroleum and gas: Although 
chemical and water service are 
probably larger applications at 
present, rigid vinyl pipe is ex- 
pected to gain momentum rapidly 
in petroleum and gas service. 
More than 700,000 Ib. were used 
for such service in 1960, and sale 
of rigid vinyl pipe for oil field use 
is expected to grow rapidly. 

Rigid PVC pipe will compete 
favorably with other plastics in 
oil fields for the disposal of brine 
and for crude oil transmission; it 
is immune to galvanic corrosion 
and highly resistant to both salt 
water and crude oil. In petroleum 
and gas service, rigid viny] pipe is 
particularly useful where soil is 
corrosive and paraffin accumula- 
tion on pipe walls is a problem. 

The installation of 15,000 ft. of 
rigid vinyl pipe by a public utility 
company in 2-p.s.i. gas service 
lines is probably the start of 
large-scale use of rigid vinyl for 
such lines. Part of this pipe was 
pulled through metal lines which 
had failed; the remainder was 
buried directly. Results with both 
methods have been good. 

In another application, natural 
gas distribution services contain- 
ing some 10,000 ft. of rigid vinyl 
pipe were installed in Illinois by 
the Illinois Power Co. The system 
used %4-in. pipe in home connec- 
tions. The medium-wall pipe used 
provided more impact strength 
than thin-walled pipe at little ad- 
ditional cost. The vinyl- pipe was 
installed at depths below 2 feet. 
Investigation of the variations in 
soil temperature at this depth per- 
mitted the pipe to be laid straight 
when required and made snaking 
the pipe, to allow for expansion 
and contraction, necessary only on 
the longer runs. Sand was hauled 
to the job and used for backfilling 
at points of connection to main 
lines, service risers, and whereve! 
else considered necessary. This 
assured full support of the viny! 
pipe at all joints to prevent sag- 
ging and consequent strain which 
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might cause breakage. A 2-ft. 
cross was welded to the steel 
house connection riser as a stabi- 
lizer to prevent twisting and to 
furnish support for the riser. The 
cross was buried well below the 
surface of the earth where the 
solid ground holds it securely. 

Irrigation and water service 
lines are now estimated to ac- 
count for 20% of all rigid vinyl 
pipe produced. By 1962, it is pre- 
dicted that approximately 7 mil- 
lion Ib. will be used annually, 
with an expected steady growth 
thereafter. 

Rigid PVC pipe is replacing 
metal in many applications where 
light weight, economy of installa- 
tion, and anticorrosive properties 
are desirable. Utility companies 
are installing rigid PVC where 
they have to bring in their water 
supply from distant sources; 
underground sprinkling systems 
are employing rigid vinyl; Florida 
hotel swimming pool piping was 
converted from metal to PVC to 
prevent salt water corrosion and 
one hotel used PVC in its air con- 
ditioning water lines to prevent 
corrosion and also to save weight 
on top of the building. Rigid PVC 
pipe also has been installed in a 
15-mile irrigation system in an 
avocado grove in California, re- 
placing metal pipe which corroded 
rapidly when buried in continu- 
ously moist soil. 

A new variation in pipe is an 
extruded rigid vinyl liner, 0.065- 
in. thick, which is used inside a 


steel pipe. This is intended to pre- 
vent corrosion in higher tempera- 
ture and pressure applications, 
extending the service range for 
rigid PVC material. The potential 
savings in maintenance that can 
be made from this combination is 
a big enough factor to consider a 
future in millions of feet. 

Extruded vinyl conduits, which 
are being used for underground 
service by a power company, are 
easier to install than metal, have 
superior electrical properties, and 
are resistant to chemical fumes 
and liquids. The smooth interior 
will not corrode and will make it 
easy to pull wires through the 
conduit for years to come. The 
impact and flame resistance of 
PVC make it preferable to other 
non-metallic materials in this im- 
portant use. 

In one application, electrical 
conduit made of rigid vinyl was 
encased in concrete as a perma- 
nent part of a new three-mile 
bridge. Rigid vinyl was used be- 
cause it resists the moist salt at- 
mosphere and because corrosion 
would not shorten the life or cause 
clogging of the conduit. A unique, 
sealed slip joint, also made of 
vinyl, in each conduit line was 
inserted between every concrete 
section. This allows for expansion 
and contraction of the bridge, 
while maintaining a watertight 
seal in the conduit. 

Underwriters’ Laboratories has 
granted approval on Type II rigid 
PVC conduit for underground 


ELECTRICAL CONDUIT for this industrial building is made from rigid 
vinyl. PVC was selected for this application because it is inert to chemi- 
cals in concrete and not subject to galvanic corrosion from soil 
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burial in earth or concrete. Since 
approval was granted, about a 
year ago, the volume of rigid con- 
duit has become a significant per- 
cent of the PVC pipe business. 


Extruded shapes 

There is a good possibility that 
eventually profile extrusions will 
account for almost as much 
poundage as pipe. An estimated 
4% million lb. per year (as com- 
pared to practically nothing a few 
years ago) was used for extruded 
shapes and profiles in 1960. As 
work progresses, it is expected 
that further improvements will be 
made in processing and fabricat- 
ing techniques as well as per- 
formance of the finished product. 

Rigid vinyl windows and win- 
dow components offer many ad- 
vantages. First, extruded rigid 
vinyl used in window frames and 
sash has overcome frost and con- 
densation problems. No moisture 
precipitation was found under 
conditions of 18° F. outside, 74° F. 
inside, with relative humidity as 
high as 60 percent. There is no 
pitting, rusting, corroding, or 
warping in vinyl window frames. 
Window units can be manufac- 
tured in colors or painted to 
match house trim. 

There is no metal-to-metal 
contact in specially designed seals. 
No pile or metal weatherstripping 
is required. Yet these windows 
have withstood water infiltration 
tests with pressures equal to 45 
m.p.h. winds. 

In other applications, window 
tracks and frames are lightweight 
and permit easy and soundless 
operation. These window tracks 
are particularly promising, with 
each window using 10 ft. of track. 
Some 1,000,000 new homes a year 
are prospects for this item. At 
least one manufacturer of storm 
doors and windows is making a 
complete vinyl frame and sash. 
Others are using rigid vinyl com- 
ponents. 

In other fields, extruded U- 
shaped channels serve as insula- 
tors for bare wires on overhead 
power lines and make it possible 
to install 3 to 12 wires close to- 
gether where space is limited; 
high-impact rigid vinyl moisture 
eliminator baffles for large indus- 
trial air conditioners are not af- 
fected by moisture-laden air and 








TABLE |: Physical properties of rigid vinyls 





AS.T.M. 
method 


Specific gravity 792- 


Tensile strength, p.s.i. 638- 
49T 


Flexural strength, p.s.i 790- 
49T 


Flexural modulus, 10° p.s.i. 
49T 


Izod impact, ft.-Ib./in. of 
notch @ 72° F. 


Izod impact, ft.-lb./in. of 
notch @ —20° F. 


Thermal expansion, 10°/°C. 
Heat distortion, °F. @ 66 p.s.i. 
Heat distortion, °F. @ 264 p.s.i. 
Rockwell hardness 


Moisture absorption, 
% in 24 hr. 


Dielectric strength, short 
time, v./mil. 


Dielectric constant @ 10° cycles 
Ultra-violet resistance 

Heat formability 
Flammability, in./min. 


Thermal conductivity, 
10“ cal./em.*/sec./°C. 


Rigid 
vinyl Rigid PVC Rigid PVC 
copolymer Type I Type II 
1.37-1.45 1.38-1.45 1.35-1.45 


7000 7000 6000 





13,500 


4.0 


08 


03 


0.05 


1400 


3.0 3.0-3.5 
Good Good 
Excellent Good 

Self-extinguishing 

3.7 3.5 





their light weight eliminates the 
necessity for elaborate supporting 
structures. 

Other applications for rigid 
PVC extrusions are runners for 
bowling ball return tracks; scuff- 
resistant moldings and strips for 
autos; tracks and thresholds for 
sliding doors; architectural mold- 
ings and edging for work coun- 
ters; functional and trim strips for 
radios, air conditioners, etc.; and 
an extruded duct which simplifies 
installation of switchboards, in- 
strument panels, and electronic 
systems by permitting wire to be 
lead out from the main channel 
through evenly spaced perfora- 
tions. 

Perhaps the greatest potential 
use for rigid PVC is for building 
products such as siding, down- 
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spouts, gutters, and even roofing. 
However, interesting as these ap- 
plications may seem in terms of 
their tremendous potential in the 
building field, work has not pro- 
gressed far enough to estimate 
their future. 


Copolymer sheet 

Most of the rigid vinyl sheet- 
ing currently being consumed 
is calendered vinyl copolymer. 
However, several companies have 
recently entered the rigid sheet 
extrusion field. 

Relief maps, which were the 
first large-scale vacuum forming 
application, are made of unplas- 
ticized vinyl copolymer sheeting 
and now use hundreds of thou- 
sands of pounds of resin a year. 
Toys and novelties also account 


for a large segment of the mar- 
ket for unplasticized vinyl co- 
polymer sheet. 

There are scores of uses for 
printed and embossed vinyl co- 
polymer sheet: credit cards, book 
bindings, wall coverings, adver- 
tising displays, playing cards, 
milk bottle caps, measuring in- 
struments, templates, and a va- 
riety of similar items. 

Building structures, such as 
partitions and corrugated translu- 
cent sheeting, are good potential 
markets, but so far haven’t de- 
veloped because extruded sheet 
has just recently become avail- 
able. 

There should be natural expan- 
sion in all of these applications 
with further development of ex- 
truded sheet, but particular 
growth may be expected in pack- 
aging laminates and lighting 
components. Lower-cost sheet 
should also encourage expansion 
into new markets such as refri- 
gerator liners, housings, and lug- 
gage. 
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molding materials 


LUSTREX 


Monsanto Styrene 


Monsanto Lustrex is one of the 
lightest and most widely used 
thermoplastic molding materials. 
Tasteless, odoriess and non-toxic, 
with high dimensional stability, 
hardness, rigidity and dielectric 
strength, Monsanto Lustrex can 
be molded to any sharply defined 
detai| and finish. Molding com- 
pounds for compression and in- 
jection molding and extrusion in 
all types of machines and molds. 
Special formulations suitable for 
extrusion and vacuum forming. 
Available in a broad range of 
transparent, translucent and 
opaque colors, as well as crystal. 


LUSTRAN 


LUSTRAN A, a styrene acryloni- 
trile copolymer, is a rigid, trans 
parent member of the new 
Lustran family of Monsanto ther- 
moplastics. Lustran A combines 
high strength and rigidity with a 
broad range of chemical resist- 
ance. Incorporated in Lustran A 
is the excellent processability typ- 
ical of Monsanto styrene based 
molding materials. 


LUSTRAN 


LUSTRAN I, a new family of 
Monsanto thermoplastics, offers 
an amazing combination of de- 
sirable properties—rigidity, 
strength, exceptional impact re- 
sistance, creep resistance and 
chemical resistance. LUSTRAN | 
not only offers excellent gloss, 
mar resistance and color possi- 
bilities, but also a heretofore 
unattainable level of processing 
stability 


Lustrex 


Special 
Formulations 


General Purpose 

Lustrex Hi-Flow 55 
Lustrex Hi-Flow 66 
Lustrex Hi-Flow 77 


Characteristics 


Soft flow 
Long flow, moderate set-up 
Good flow, fast set-up 





Medium and High impact Strength 
Lustrex Hi-Test 42-1 

Lustrex Hi-Test 48 

Lustrex Hi-Test 88 

Lustrex Hi-Test 88-2 

Lustrex Hi-Test 88-5 

Lustrex Hi-Test 180 


Medium impact, high transparency 
Medium impact, high translucency 
High impact 

High impact, fast set-up 

High impact 

Super High impact 





Heat resistance 


Lustrex Hi-Test 99 
Lustrex Hi-Test 89 


Up to 204°F., fast set-up 
Heat resistant, high impact 





For Fluorescent Light Stability 

Both general purpose and impact 
formulations are available in Lus- 
trex permatone 





For Dust Resistance 


Both general purpose and impact 
formulations are available in Lus- 
trex Lo-Stat 


A Distinguishing 
Characteristics 


LUSTRAN A 11 


| Distinguishing 
Characteristics 


LUSTRAN 210 








has excellent balance of physical 
properties for use in markets requir- 
ing a rigid, clear plastic having 
good heat and excellent chemical 
resistance. 


has the highest rigidity, tensile 
strength and chemical resistance 
within the tough Lust an 1 group. 





LUSTRAN 


has excellent balance of mechanical 
properties for applications requiring 
intermediate abuse resistance with 
rigidity 





LUSTRAN 


comparable to 400 series with 
greater impact strength. 





LUSTRAN 





has the highest abuse resistance of 
the Lustran product line 


Typical 
Applications 


Refrigerator parts 
Toy 

Packaging 

Air conditioner cabinet 
Radio 

House ware 

Wall til 

Television component 
Display 

Electrical equipment 
Lighting fixture 
Furniture drawer 
Phonograph recoré: 


Typical 
Applications 


Refrigerator componem 


Vacuum Cleaner 
Automotive componem 
Communication 

equip ent 
Business chines 
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molding materials 





Distinguishing 
Characteristics 


Typical 
Applications 





One of the most useful and versa- 
tile of all plastics, Monsanto 
Polyethylene is chemically inert, 
non-toxic, odorless and can read- 
ily be dry colored. Products 
molded from Monsanto Polyethyl- 
ene resins are tough and resilient 
with a high impact resistance and 
flexibility over a wide temperature 
range. Monsanto Polyethylene 
products have extremely low di- 
electric constant and low power 
loss factor. Pelleted molding com- 
pounds are available for injection, 
compression or blow molding over 
a wide flow range melt index. 
Readily processed in a broad 
range of colors. 


product 


melt index 
density 

flow 

gloss 

freedom from 
shrinkage and 
warpage 

dry colorability 


cylinder carboniz- 


ing resistance 
rigidity 
stress crack 
resistance 
permeation 
resistance 
low temperature 
brittleness 
tensile strength 
flex life 





B 
B 





MP MPE 
51 


Hou 

















ewares 


Tow 
Part 


Key: 8B — Best, | — Intermediate, L 
Least —in comparison with 
the other products in the list- 
ing. 


Formulation Characteristics Typical 


OPALON 


Vinyl! chloride 


Opalon compounds feature out- 
standing heat stability, moldabil- 
ity, short molding cycles and low 
shrinkage. Available in granular 
form for injection and compres- 
sion molding. Opalon molding 
mixtures are resistant to moisture, 
oxidation, most acids and alkalies, 
many common organic solvents, 
and petroleum. They can be for 
mulated as opaque, translucent or 
transparent compounds. (Vinyl 
resins for plastisols are listed un 
der Opalon on page 7.) 


Opaion 1309 


Applications 


improved flow 
good electrical properties 





Opaion 1219 


Opaion 1221 4 
Opaion 1406 a 


Opaion 1777 


Opaion 1997 


low temperature properties 





excellent processing and heat stability 








d 4 pplia / 
combines excellent electrical 
performance with high heat resistance; 


high temperature stability 





rapid extrusion rates; superior 
physical properties 





cementabie 
high physical properties 
non-staining 
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molding materials 
























































PROPERTIES 


Molding Compounds 


Thermoplastic molding materials 
have various chemical, mechani 
cal, thermal and electrical charac 
teristics. To facilitate your selec 
tion of the right material, the 
property charts for Monsanto 
molding materials have been 
grouped on these pages. Compari 
son will show that Monsanto pro- 
duces a broad line of materials to 
meet your molding requirements. 
Specialty formulations are avail 
able to meet special requirements 


ey 


(oGgethyCove 





characterization 
melt index, gms 


@ 190°C 
density, gms./ML 


10 min 


density type, gms./ML 
mechanical > i vis 
tensile strength, yield, min., psi 
tensile strength, failure, min., psi 
elongation, yield, min., % 
elongation, failure, min., % 
tensile elastic modulus, psi 
5% secant modulus, psi x 10* 
hardness, Shore D (Durometer) 
thermal 
low temperature brittleness, 

50% failure @ 
specific heat, cal./gm./°C 
flammability, in./min 


chemical 


moisture absorption, % 


processing 


apparent (bulk) density, Ibs./cu. ft 
molding cylinder temp., °F 





molding injection pressure, psi 
mold shrinkage, in./in., on 
injection molded pieces 















molding materials 


"on 


deflection temp. under load,°F. @ 66 psi 


*All pertinent testing conducted at 23°C. and 50% R.H 


LUSTREX 





























Relative environmental stress crack resistance (in 
comparison with other products in listing) 














test 
Styrene ates 
properties units ASTM 
mechanical 
tensile strength psi D638-56T 
elongation at failure percent D638-56T 
modulus of elasticity (in tension) psi D638-56T 
hardness Rockwell ““M” scale 0785-51 
flexural strength psi D790-49T 
deflection of break inches D790-49T 
impact strength, notched izod 2" x ‘2” ft. Ibs./in. of notch D638-56T 
thermal ic» 
thermal expansion in./in./ °C. D696-44 
deflection temperature under load (compression molded) F. at 264 psi fiber stress D648-56T 
def ti — { percent at 4000 psi and 50°C. D621-51 
Se ee (percent at 2000 psi and 50°C. D621-51 
optical 
light transmission at 550 millimicrons 
(0.050” thick) percent (unpigmented specimen) D1003-52 
(0.100” thick) percent (unpigmented specimen) 
color possibilities — 
physical 
specific gravity - D792-50 
moisture absorption percent 0570-571 
burning rate (0.050” thick) in./ min. D635-56T 
electrical 
dissipation factor 10° cycles/sec. D150-54T 
dielectric constant 10° cycles/sec. D150-54T 
dielectric strength volts/ mil. Ye" thick D149-55T 
volume resistivity ohm/cm D257-57T 
molding 
bulk factor (pellets) _-—— 0954-50 
injection molding temperature* F. 
injection molding pressure* psi 
mold shrinkage* in./in. 0955-51 
ASTM material type 
specification D703-56T 
ASTM MPE8O MPE60 MPE52 MPESI+ 
test formerly formerly formerly formerly 
method* 705 805 935 975 2541 8051 9352 9752 
D-1238-57T 1.8 3.0 7.5 24 1.2 3.0 7 24 
ty 0.917 0.917 0.916 0.916 0.920 0.921 0.926 0.926 
D-1248-58T ! | 1 ! l 1 i i 
1250 1220 1170 1100 1400 1540 1900 1800 
D-412-51T 2300 2100 1725 1400 2100 1850 1400 1200 
D-1248-58T 100 100 100 100 50 50 25 25 
740 720 640 600 650 650 350 150 
D-638-58T 20,000 20,000 19,000 19,000 27,000 29,000 37,000 37,000 
D-638-58T 1.3 1.3 1.3 1.3 1.4 1.5 2.0 2.0 
D-676-58T D43 D43 D42 D42 D44 D45 048 D48 
D-746-57T <-75 <-75 70 <-60 <-75 <-75 <-70 60 
D-746-57T <-103 -103 <-94 <75 <-103 <-103 <-94 <-76 
0.5 0.5 0.5 0.5 0.5 0.5 0.55 0.55 
D-635-56T <1 <J <1 <1 <1 <1 <1 1 
D-648-56 95-120 90-120 90-120 90-120 90-120 95-120 115-150 115-150 
D-570-57T <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.01 
Best Best Int Least Best Best lot. east 
D-1182-54 35 35 35 35 35 35 35 5 
270-650 270-650 270-600 270-550 280-650 270-650 280-600 40-550 
5,000- 5,000- 5,000- 4,000- 5,000- 5,000- 5,000- 000- 
15,000 15,000 14,000 13,000 15,000 16,000 15,000 4,000 
0.010- 0.010- 0.010- 0.010- 0.010- 0.010- 0.010- 010- 
0.040 0.040 0.040 0.040 0.040 0.040 0.045 045 


tMPE 51 is also available in slip formulation (MPE 50) 








Lustre 
Hi-Fi 
soft { 
5500. 
45x) 
70-80 
8000. 
0.15-( 
0.254 


6-8x1! 
165-1 
2.6-2 


38-90 


88-90 


04-1 


char 


mecl 


ther 


Proc 


Oppl 


















molding materials 

















general purpose grades rubber modified types 
Lustrex Lustrex Lustrex 
Lystrex Lustrex Lustrex Lustrex Hi-Test 42-1 Hi-Test 48 Lustrex Lustrex Lustrex Hi-Test 89 
Hi-Flow 55 Hi-Flow 66 Hi-Flow 77 Hi-Heat 99 di di Hi-Test 88 Hi-Test 88-2 Hi-Test 88-5 high impact 
soft flow medium flow _ regular flow heat resistant impact impact high impact high impact high impact heat resistant 
5500-6500 6300-7800 6500-8000 7400-8400 3800-4750 3700-4600 3500-4500 3500-4100 2800-3900 5800-6800 
1.5-2.2 1.7-2.4 1.8-2.4 1.9-2.4 14-16 15-20 20-30 25.0-30.0 25-35 6-9 
4.5x10° 4-5x105 4-5x10° 4-5x105 3.8-4.5x105 3.6-4.3x105 3.3-3.7x105 3.3-3.7x105 3-4x105 4-5x10° 
70-80 70-80 70-80 76-80 75-80 55-65 46-55 50-60 40-50 70-75 
8000-12,000 8500-12,500 9000-13,000 11,000-14,000 no failure no failure no failure no failure no failure no failure 
0.15-0.35 0.18-0.35 0.15-0.35 0.15-0.35 >0.20 (yield) >0.20 (yield) >0.20(yield) >0.20 >0.20 >0.20 (yield) 
0.25-0.35 0.25-0.35 0.25-0.35 0.25-0.35 0.55-0.60 0.60-0.65 0.70-0.80 0.85-0.91 1.1-1.2 0.70-0.80 
48x10" 6-8x10°5 6-8x10"5 6-8x10°5 7-8x10-5 7-8x10°5 7-8x10°5 7-8x10°5 7-8x10°5 7-8x10°5 
65-172 176-183 183-191 196-201 165-170 165-175 166-176 170-175 160-170 194-198 
2.6-2.8 1.5-1.7 0.8-1.0 0.8-1.0 0.9-1.3 —o not applicable notapplicable notapplicable not applicable 
- -—— -—-— —-— ae 1.1-1.5 1.5-2.0 1.8-2.3 2.8-3.3 0.5-0.8 
38.90 88-90 88-90 88-90 82-86 80-85 70-75 70-75 60-65 70-75 
88.90 88-90 88-90 88-90 67-73 65-70 60-65 60-65 55-60 60-65 
alimited unlimited unlimited unlimited translucents translucents translucents translucents translucents translucents 
opaques opaques opaques opaques opaques opaques 
04-1.07 1.04-1.07 1.04-1.07 1.04-1.07 1.04-1.07 1.04-1.07 1.04-1.07 1.03-1.06 1.03-1.06 1.04-1.07 
.03-0.04 0.03-0.04 0.03-0.04 0.03-0.04 0.03-0.07 0.03-0.07 0.07-0.08 0.07-0.08 0.07-0.08 0.07-0.08 
5 1-1.5 1-1.5 1-1.5 1-2 1-2 1-2 1-1% 1-1% 1-2 
0001-.0005 0001-.0005 0001-.0005 0001 -.0005 .0005-.008 .0003-.007 .0008-.0010 .0008-.0010 0012-.0015 0009-.0010 
2.52-2.65 2.52-2.65 2.52-2.65 2.52-2.65 2.59-2.60 2.52-2.65 2.55-2.70 2.55-2.70 2.60-2.75 2.55-2.70 
500 500 > 500 500 > 500 » 500 » 450 » 450 >425 > 450 
i819 10'8-19 1018-19 1018-19 1017-18 1017-18 10'¢-17 1016-17 1915-16 1015-16 
6-19 1.6-1.9 1.6-1.9 1.6-1.9 1.6-1.9 1.6-1.9 1.6-1.9 1.6-1.9 1.6-1.9 1.6-1.9 
50-600 350-600 350-650 375-650 300-600 350-550 350-550 325-525 325-525 350.550 
1000-18000 10,000-18,000 10,000-18,000 10,000-18,000 10,000-18,000 10.000-18,000 10,000-18,000 9,000-16,000  8,000-16,000 10,000-18,000 
002-0.008 0.002-0.008 0.002-0.008 0.002-0.008 0.002-0.008 0.002-0.008 0.002-0.008 0.002-0.008 0.003-0.008 0.002-0.008 
e4 types2&4 types1,2&4  types1,2,3&4] notapplicable notapplicable not applicable ——— ——— not applicable 
OPALON 
Vinyl chior 
ASTM 
test 
- method 1219 1221 1309 1406 1777 1997 
characterization > a ‘ Ps abs 
specific gravity D-792 1.36 1.39 1.37 1.38 1.37 1.29 
mechanical 3 ee ree Past 
tensile strength — failure, psi D-412 2350 2200 2200 2800 1900 2250 
) modulus @ 100% elongation, psi D-412 1120 1200 1350 2100 750 760 
elongation, % D-412 350 360 350 320 390 430 
hardness, Shore D-676 A83 A87 A80 A95 A70 A70 
thermal 
cold flex. temp., °C D-1043 22 20 8 30 37 
brittle temp., °C D-746 42 29 22 14 36 42 
heat aging — 7 days U.L. st’d’s 98 @ 100° 35 @ 100° 80 @ 100° 90 @ 136° . 
n of elongation, % @ °C 
50 Nammability, pass or fail U.L. st’d’s pass pass pass pass 
— deformation @ 120°C, % U.L. st’d’s 30 28 45 31 - 
electrical = 
1) lume resistivity, ohm/cm x 10'? D-257 2 1 15 8 
dielectric strength, Kv ULL. st‘d’s 25 25 
power factor, immersed in water, 
- @ 30°C D-150 0.10 0.11 
Processing = 
550 molding k temp., °F 360 370 355 385 350 350 
D- applications low general general TOS*C UL. window shoe soles, 
00 temp. use purpose purpose, approval, spline & shoe uppers 
4 cords, plugs odor free, general 
5 polymeric purpose 
plasticized profile 








extrusion 


molding materials 


LUSTRAN A 


test 
properties conditions 


lesen 6 eating 


Wt 
(RL 30) 


ASTM 





tensile 

stress at yield 73°F 
stress at failure var 
elongation at yield 73°F 
elongation at failure 73°F 
modulus in tension 73°F 


11,800 
11,800 
3.0 

3.0 
520,000 


D638-58T 
0638-58T 
D638-58T 
D638-58T 
D638-58T 





flexural 

maximum stress at yield 
maximum deflection at yield 
modulus in flexure 


inches 
psi 


15,600 
0.32 


D790-59T 
D790-59T 
D790-59T 





impact strength 
izod 9" x 44" bar mid. (.010” notch radius) 


izod ‘ex 4" bar mid. (.010" notch radius) 


ft. Ibs./in. 
ft. Ibs./in. 
ft. Ibs. /in. 
ft. Ibs. /in. 
ft. Ibs./in. 
ft. Ibs./in. 


of notch 
of notch 
of notch 
of notch 
of notch 
of notch 


D256-56 
D256-56 
D256-56 
D256-56 
0256-56 
D256-56 





hardness 
rockwell 


(M85-M90) 
R-122 


0785-51 





thermal 
deflection temperature under load 
unannealed '4" x 9" bar 


197 





physical 
specific gravity (naturals) 


tdata on molded samples 


LUSTRAN | 


210+ 
units (288-5) 


test 
properties conditions 


Lustran | molding grades 





410+ 610+ 
(288-3) (288-1) 





tensile 

stress at yield 73°F 
stress at failure 73°F. 
elongation at yield 73°F 
elongation at failure 73°F 
modulus in tension 73°F 


psi 9,000 
psi 6,800 


% 3.3 


% 45** 
psi 420,000 


8,000 6,800 
6,200 5,400 
3.0 3.0 

55 ** 55* . 
380,000 330,000 





flexural 

maximum stress at yield 
maximum deflection at yield 
modulus in flexure 


psi 13,700 
inches 0.50 
psi 450,000 


12,000 10,000 
0.47 0.45 
350,000 








impact strength 
izod '9"' x 4" bar mid. (.010” notch radius) 


izod Ve" x Ye" bar mid. (.010” notch radius) 


ft. Ibs./in. 1.1 
of notch 


. Ibs./in. 0.8 


of notch 


. Ibs. /in. 0.6 


of notch 
. Ibs. /in. 
of notch 
. Ibs. /in. 
of notch 
. Ibs. /in. 
of notch 


3.0 
1.6 


0.9 





hardness 
rockwell 





thermal 
deflection temperature under load 
unannealed 2" x 2" bar 264 psi 





physical 
specific gravity (naturals 


*data on extruded sheet 


**Monsanto test 


all tests run at 73°F. — 50% rh tdata on molded samples 
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ULTRON 


Vinyl Film and Sheeting 


Ultron vinyl film is available in 
standard formulations or may be 
specially developed with ‘‘built-in”’ 
properties to meet specific end- 
use requirements. Produced in 
gauges up to .020” and widths up 
to 80” in a wide range of trans- 
parent and opaque colors. Ultron 
film is noted for its uniformity of 
gauge and color clarity. Tough, 
pliable and long lasting, Ultron 
film is highly adaptable to various 
manufacturing techniques such as 
heat sealing, laminating, printing, 
and embossing. 


Typical 
Applications 


NS mming pool laners 
Vi ure Vapor harriers 
> r # 


¢ 'e coverings 


Wall coverings 
Indu itr al tapes 
Machine cover 


y 
cations 


Rigid Vinyl Sheet 


Ultron rigid vinyl sheets feature 
high dimensional stability, me- 
chanical and impact strength and 
toughness, high softening temper- 
ature, flame resistance, excellent 
ight stability and chemical resist- 
ance. Available in rolls from 
0075” to 0.020” and in widths 
up to 75”; also in sheets 2114” x 
514%4’’. Rigid Ultron can be 
Printed, die cut, machined, vac- 
uum formed, cemented, hot air 
welded, electronically sealed, em- 
bossed, planished, laminated and 
corrugated 


Typical 
Applicat ons 


Printing stock 
Displays 


Vacuum rorming 


ultron — pool liners 


ultron wall covering 


santofome — foamed styrene sheeting 


a 





fabricating materials 


VUEPAK 


Cellulose Acetate 


Vuepak is a crystal clear, rigid 
acetate that is readily fabricated 
into boxes and containers of out- 
standing appearance and sales 
appeal. Available in continuous, 
untrimmed and slit-to-size rolls up 
to 60” wide and 2000” long, in 
thicknesses from .005” to .020”; 
and, in stock size sheets or cut 
to-size pieces. Vuepak is adapt- 
able to various fabricating meth- 
ods such as shaping, drawing, 
folding and scoring, and may be 
printed, embossed, stapled or ce- 
mented. 


Typical 
Applications 


Transpar nt windows 
Fabricated parts 
Protective laminates 
Diagrammatic drawings 
Rigid containers 

Displa /S8 

Canisters 

Transvare nt 178@) ts 
Filing tabs 

Wallet enve lope 8 


Protective @) 


SANTOFOME 


SANTOFOME F, an expanded flex- 
ible cellular polystyrene film, is 
produced as roll stock in calipers 
of 10, 12, 15, 20 and 25 mil. The 
cell structure is closed of typical 
.003” cross section. The product 
color is a natural translucent 
white and the film has an attrac- 
tive surface grain pattern. Santo- 
fome is well qualified to serve 
food packaging applications. It is 
tasteless, does not impart odor 
and has prior sanction for a wide 
spectrum of food applications. 
Performance attributes which 
suggest other packaging interest 
include: 
Chemica! inertness over a wide 
range of exposures 
Thermal insulation (low K factor) 
Thermally stable (—40°F to 
160°F) 
Imparts a non-slip surface — 
is lint free 
Will not mar or scratch highly 
polished articles 
Effective liquid and holdout 
barrier — grease resistant 








extruding and calendering materials 




































oT Monsanto 


otyethey lore 


Monsanto 


in natural or black pellets, Mon- 
santo Polyethylene resin may be 
extruded as film and sheeting, 
wire insulation, piping, tubing, 
and profile shapes. Can be calen- 
dered into sheeting and laminated 
immediately or in subsequent op- 
eration. Non-slip and slip grade 
formulas available in film and 
sheeting grades. 


Typical 
Applications 


Pach 























LUSTREX 


quiring high impact strength. 


Typical 
Applications 








Monsanto Lustrex Hi-Test 88 sty- 
fene is furnished in pellets, either 
natural or colored. It may be ex- 
tuded as sheeting or as profile 
shapes for various applications re- 


t 








$$ 


polyethylene skin packaging 





| po 
=: Ae, 
4 

y 


polyethylene film packaging 



































extruding and calendering materials 








vinyl water stop 
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PVC jacketed power cable 

















OPALON 


Vinyl chloride 


Opalon resins are produced in sev- 
eral formulations for diversified 
industrial applications: 

. . Opalon 660, 650 and 630 — a 
family of vinyl general pur- 
pose resins in varying molecu- 
lar weights for calendering, 
extrusion and molding formu- 
lations. Each formulation 
possesses exceptionally good 
color, clarity and heat stabil- 
ity; provides color depth, 
uniformity, toughness and 
flexibility at low temperatures. 
Especially recommended for 
dry blending. 

. Opalon 506, 510, 510-26 and 
523 — vinyl copolymers for 
ease of processing flooring, 
phonograph records and cal- 
endering rigid sheets. 

Also included in this group are 

vinyl plastisol resins for coating, 

casting, molding and expanded 
plastisols: 

. Opaion 410 — a specially de- 
veloped paste resin for vinyl 
plastisol compounding. Sup- 
plied in powdered form with 
excellent ‘‘stir-in’’ characteris- 
tics to increase speed and 
ease of preparation. Outstand- 
ing rheological properties for 
all types of plastisol uses. 
Especially well suited for high 
shear applications. 

. Opalon 440 — The most ver- 
satile general purpose plasti- 
sol resin with crystal clarity, 
excellent heat stability, mini- 
mum moisture insensitivity, 
low mold plate out and 
other desirable performance 
properties. 


Typical 
Applications 





Monsanto chemical company 


laminating 
materials 


SAFLEX 
vinyl butyral 


forms and typical uses 


A continuous adhesive film supplied in clear, tinted or gradv- 
ated color for the plastic interlayer in Laminated Safety Glass 
and Laminated Architectural Glass. 


Saflex in Laminated Safety Glass is used for automotive 
glazing, windshields and side windows, and for industrial 
glazing in hazard areas. 


Saflex in Laminated Architectural Glass is used for decorative 
glazing and to control light, glare, heat and sound. 





industrial 
resins 


RESINOX 


phenolic 


RESIMENE 


melamine 


LYTRON 


synthetics 





Furnished in liquid resins as coating or bonding material for 
Resinoid clutch facings, separators for automotive batteries, 
oil and chemical filters. Used as is or in combination with 
Resimene resin as a binder for glass and rock wool thermal 
and acoustical insulation. 





Produced in liquid or dry powder form as hot and cold coating 
resins for sand in the production of shell molds and cores. 





Supplied in water or alcohol solutions for treating laminate 
filler materials — paper, cloth, wood veneers, glass or asbes- 
tos fiber. Used in decorative core stock and electrical grade 
laminates for radio, TV and home electrical appliances as 
well as gears, ball-bearing races, pulleys, bushings for light 
and heavy machinery, cars, planes and ships. Special high 
heat resistant formulations are available for use with glass, 
asbestos and similar fillers for jet and rocket components. 





Available in water-alcohol soluble, spray-dry powders. Resi- 
mene resins form laminates with paper, cloth, glass and 
asbestos fibers to provide a durable surface for all types of 
furniture, counter tops, cabinets and walls. 





Used in powder form for foundry sand and wash water clari- 
fication systems. In either powder or liquid form, they are 
used as thickening agents for paint and rubber latex. 





textile 
resins 


RESLOOM 


RESLOOM E-50 


LYTRON 


STYMER 


CATALYSTS 





Available in powder or liquid form as a series of essenterially 
monomeric malamine resins. Used to impart shrinkage con- 
trol, wrinkle resistance and textural effects to cottons, rayons, 
synthetics and wools. 





Supplied as 50% solids cyclic ethylene urea formaldehyde 
resin in liquid form. Gives lasting textured effects, dimer 
sional stability and wrinkle resistance to cottons, rayons and 
other synthetics. 


— 





Unplasticized polystyrene emulsions to produce coatings and 
finishes without curing or after-treatment. 


— 





Produced in various forms as sizing for acetate, rayon and 
other synthetic fibers. Stymer LF is vinyl resin, so/uble in 
ammonium hydroxide. Stymer S is styrene copolym: « resin, 
soluble in water. 


—— 





Organic catalysts furnished in four types: AC, AC-4, / >-6 and 
AC-7 for textile applications. Provide efficient cure { mel 
mine and cyclic-urea resins to give rayons, cottons 14 Sy* 
thetics full effect of resin treatment. 





Monsanto chemical company 


characteristics 


controlled light transmission 
(from optimum optical qualities to opaque) 
excellent adhesion and toughness 


laminated architectural 
glass doorway 





high heat resistance 
maximum bond strength 
good chemical resistance 





non-dusting 
free-flowing rapid curing 





toughness and durability 
resists acids and weak alkalies 
high heat resistance 





high electrical arc resistance 
heat and flame resistance 
chemical and weather resistance 
strength and durability 

color stable 

maximum clay balling 

high workability 

high packability 








effective with fabrics made from a wide 
range of textile fibers 





assures lasting finish for textiles 





durability 
long life 





sizing for treated fabrics 





rapid curing 
uniformity of resin cure 








Monsanto chemical company 


adhesives 


melamine 


phenolic 


resorcinol and 
phenol-resorcinol 


casein, blood 
and soybean 


forms and typical uses 


Powdered resins. Used in scarfing plywood and lumber. Can 
be added to urea resin glues to impart boil resistance. 





Liquid resins for hot and cold set processes. Plywood and 
particle board products, assembly gluing, radio frequency 
gluing. 





Dry powders and liquids. Interior and exterior hot-press ply. 
wood, hardboard, particle board, granulated wood molding, 





Liquid resins for warm-temperature setting. Lumber laminat- 
ing, plywood, assembly gluing. 





Dry protein giues for hot and cold set processes. Used in 
hotpress interior plywood or ‘“‘No-Clamp”’ process interior 
plywood, doors, laminated products, assembly gluing. 





paper and 
coating resins 


OPALON 
’ ‘ 


LYTRON 


Supplied as a powder, Opalon vinyl chloride paste resins are 
used in coating cloths and paper. 





Furnished as pellets and compounds for paper or board ex. 
trusion coatings. Pellets in natural and black for high speed 
extrusion coating of paper, boards and other substrates. Good 
drawdown and low odor retention provides strength, moisture 
protection and heat stability. 





Lytron 6A and Lytron S series, polystyrene latices for coating 
paper, board and formed containers. 





Lytron 50, 52, 53, 54 and 55 are polyelectrolyte resins sup 
plied as dry powders. Used as sizes and for adding water 
resistance to paper products. 





surface 
coating resins 


RESIMENE 


RESINOX 


LYTRON 


LYTRON 





Melamine and urea-formaldehyde resins supplied in organic 
liquid solution for improved baked enamels. 


Phenolic liquid solutions for baked enamels and industrial 
finishes on can, drum and tankcar linings, special primers 
and coatings. 





Alkali-soluble and water-soluble resins used in water and 
latex coating systems. Polyelectrolyte resins for protective 
coatings and emulsion floor waxes. 





Plasticized and unplasticized latices are used as main vehicles 
for latex paints and as modifiers in compounding rubber and 
other latices and in emulsion floor waxes. 





intermediates 


STYRENE 
MONOMER 


VINYL 
CHLORIDE 


METHANOL 
ACRYLONITRILE 


FORMALDEHYDE 





form 
liquid inhibited with TBC 





liquified gas shipped either inhibiter free or inhibited 
with phenol 





liquid 





liquid inhibited with Monsanto MQ inhibiter 





37%, 42% and 44% aqueous solution inhibited 
with methanol 





uses 


styrer 
(on @ 
alkyd: 
Dolyvi 
Cal int 
used { 
Sag 
nitrile 
Mers, 


es 
in pre 


Monsanto chemical company 


characteristics 


boil resistance 
light color 





weather resistance 
quick setting 





durability 
weather and boil resistance 





extreme durability 
weather and boil resistance 





water resistance 
low cost 
relative low temperature set 





high tear strength 
low temperature flexibility 
resistance to weathering and aging 





high gloss and scuff resistance 
strong heat seal 
improved printability 





barrier coatings for single service containers 


maximum solubility 
excellent printability 








improves surface hardness 

color retention 

promotes fast cure 

imparts weathering, alkali and chalk resistance 


imparts high heat resistance 
promotes good chemical resistance 








light color 
promotes adhesion 
stabilizes, hardens, thickens 


exterior latex paints baked enamel finishes 





raw materials for chemica! 
and related industries 
uses 


‘rene molding compounds, synthetic rubber, copolymers, 
on exchange resins, polyesters, styrene modified oils and 
alkyds for surface coatings. 








olyinyl chloride resins, compounds, copolymers and chemi- 
‘al intermediates. 





wed for the manufacture of formaldehyde, as an antifreeze, 
%a solvent, a denaturant, and as a chemical intermediate. 





Nitrile syr 


ietic rubber surface coatings, adhesives, copoly- 
mers, che 


ical intermediates and synthetic textile fibers. 





a presery: 


ve, disinfectant and chemical intermediate used 
n preparz 


on of melamine and phenolic resins. 








Monsanto 
1. 


Chemistry 
on the 
move 

to the 


future 


For more detailed information, property and application 
specifications or technical assistance on any Monsanto 


plastic, contact your nearest Monsanto office 
Monsanto Sales Offices 


Atlanta 9, Georgia, 1401 Peachtree St., N.E. 

Charlotte, North Carolina, 1117 Johnston Building 

Chicago 11, Illinois, 520 N. Michigan Avenue 

Cleveland 15, Ohio, 427 Hanna Building 

Detroit 23, Michigan, 18230 Grand River Avenue 

Los Angeles 22, California, 6670 E. Flotilla Street 

Minneapolis 2, Minnesota, Foshay Tower, Room 515 

New York 22, New York, 445 Park Avenue 

Santa Clara, California, 2710 Lafayette 

Seattle 4, Washington, 911 Western Avenue 

St. Louis 66, Missouri, 800 N. Lindbergh Bivd 

Springfield 2, Massachusetts, 812 Monsanto Avenue 

Wilmington 3, Delaware, 2005 Concord Pike, Fairfax 
Monsanto (Canada) Ltd. 

Montreal, Quebec, 425 St. Patrick St. 

Toronto, Ontario, 183 Front St. E. 


or write to 


MONSANTO 
CHEMICAL 
COMPANY 


Plastics Division 
800 North Lindbergh Bivd. 
St. Louis 66, Missouri 





epi-rez 


When you —n 


‘ In fields of applications where Epoxy Resins 
think of have proved their value, EPI-REZ EPOXIES 

have proved their unquestionable excel- 

lence. And this is true of our technical 

service also. Every one of our salesmen is 

a technical representative—a valuable 

source of technical information, which can 

come to the be applied in assisting you to a solution 
of your problem whether it be in the field of 


people who pioneered ADHESIVES 


LAMINATES 


in the development ENCAPSULATIONS 
COATINGS 


| CAULKING COMPOUNDS 
and manufacture so tte 


SURFACING COMPOUNDS 

of them ! or any of the various new applications 
which these versatile resins are finding. 
EPI-REZ RESINS meet the most rigid specifi- 
cations set by the Plastics Industry and are 


available in drum lots, or 6,000 gallon 
tank cars. 


Division of Devoe & Roynolds Ca., Inc. Lovisvitte, Ky. ; Newark, N.J. Los Angeles, Cali 


epi-cure 855 


fast-proved new curing agent 
for improved resilience 


Just introduced a year ago, new EPI-CURE 
855 is already widely accepted as one of 
the most versatile and easy to use room 
temperature or fast baking new curing 
agents available. It's a new flexibilizing 
curing agent—one of a family of specially 
developed materials used in conjunction 
with Epoxy Resins to produce optimum 
properties in each field of application. And 
it’s available only from Jones-Dabney. 
Pioneers In The A complete data sheet showing how this 

Development and Manufacture unique material might improve your prod- 
ucts in workability and performance is 

of Epoxy Resins! yours on request. 
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DAPON MOLDING MATERIALS 


Aft 


“DAPONITE LAMINATING GUIDE 


Br hure YT: DAPON f abr ating hi 3 
vel tien eq ent ; 


Pvait.) f lan ate 


MONOMER TECHNICAL BULLETINS 
Please specify y te t 
atalyst 


PRINTED-CIRCUIT CONNECTOR molded of DAPON® M contains 
hundreds of terminals. Seventeen-inch connector operates at 
450°F ... stays straight and true owing to dimensional stability 
of the resin. 


Molding compounds and laminates made from DAPON 
(diallyl phthalate) and DAPON M (diallyl isophtha- 
late) prepolymers offer a superb combination of 
electrical, thermal and mechanical properties. The 
resins provide: 


e Excellent electricals, which remain virtually 
unchanged by high temperature and humidity. 

e High heat resistance—350-400°F for DAPON and 
400-450°F for DAPON M. 

e High strength, hardness, dimensional stability, 
and resistance to chemicals, moisture, abrasion. 


e Easy molding and fabrication; good flow with 
fast cure cycles. 


Molding of these thermosets is aided by the mate- 
rials’ good hot strength. No volatiles are given off 
during molding, and negligible postmold shrinkage 
means no cracking around metallic inserts. Lami- 
nates made with DAPON resins have excellent han- 
dling properties and improved strengths over other 
laminating resins—especially hot flex strength. 


DAPON 


NOSE CONE and aft end of supersonic target drone are made of 
a DAPON® prepreg laminate. The tough components have high 
strength-to-weight ratio .. . withstand aerodynamic heating. 





Sie 
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HIGH-PERFORMANCE SURFACES can be laminated to both low- 
cost core stocks and high-quality veneers using DAPONITE 
papers. Clear and wood-patterned papers are shown. 


Protect and decorate wood surfaces by the DAPONITE 
method, using clear or decorative papers impreg- 
nated with DAPON resin. DAPONITE can be laminated 
directly to almost all core materials, including: 
particle board, lumber core, chipboard, hardboard, 
plywood, asbestos-cement, paperboard. DAPONITE 
papers actually become an integral part of the core! 
The finish is tough, permanent, beautiful! Surfaces 
resist stains, heat, moisture, abrasion, cigarettes. 


DAPONITE plastic laminates can be produced eco- 
nomically even by small plants. Pressures as low as 
100 to 250 psi are used, so there is no danger of 
crushing core stock. And with cure requirements as 
low as 300°F, simple presses can be used to make 
top-quality panels. No gluing is necessary. Con- 
ventional woodworking machines may be used to 
fabricate handsome furniture from DAPONITE panels. 


DAPONITE 


CONFERENCE TABLE designed by Jens Risom has a DAPONITE® 
surface which protects the walnut-veneered top and brings out 
the beauty of the grain. Table is 14 feet long 





THE USE OF DAP MONOMER as a catalyst extender in catalyst 
injection spraying of polyester resins can provide vastly im- 
proved handling characteristics. The low volatility and high 
flash point of the monomer provide low odor and reduce fire 
hazards. DAP completely polymerizes in the resin system, reduc- 
ing the possibility of solvent entrapment. 


FMC markets a number of allylic monomers, of 
which pap (diallyl phthalate) and parr (diallyl 
isophthalate) are the most widely used. These are 
especially valuable in polyester systems as cross- 
linking agents and comonomers. They become an 
integral part of the system and produce no volatiles 
during production. pap also lends controlled tacki- 
ness to polyester prepregs. 


Unlike styrene, DAP monomer requires no special 
measures for storage for it has very low volatility 
and a high flash point. It has long shelf life—will not 
spontaneously crosslink during storage. DAP mono- 
mer is also useful as a polymerizable, non-volatile 
catalyst extender for spray molding. Health and fire 
hazards are considerably reduced when catalysts 
are handled in pap solutions. Catalyst solution sta- 
bility is excellent. 


OTHER FMC ALLYL MONOMERS: DAC (diallyl chloren- 
date), DAM (diallyl maleate), DAA (diallyl adipate). 


MONOMERS 


Putting Ideas to Work 


FOOD MACHINERY AND 


CHEMICAL CORPORATION 


FOOD MACHINERY 


Dapon Department | 
AND CHEMICAL 


OPEL @ 161 East 42nd Street, New York 17, N. ¥. 


¥ 








1. “Acrylofil” battery case for an ICBM must 
resist chemical attack and rapid heating caused 
by sudden injection of battery chemicals at 
launching, and sustain high g-loadings. 


2. “Nylofil” step gear from a computer train 
containing 39 gears running at high speed with- 
ovt external lubrication under exacting service 


conditions. 


3. “Nylofil™ bearing retainers feature tensile 
strength, dimensional stability, and natural lu- 
bricity that are of prime importance for numerous 


and varied applications. 


“Styrafil” blower wheel for air conditioner, molded to reduce blade de- 
flection at high rpm. Angle-shaped rim runs through catch-basin to 
remove cooling-coil cond te; should condensate freeze, glass- 
reinforced wheel will sustain resulting shock. 





Where success demands 
the ultimate in performance . . . 


FIBERFIL 


Superior performance in applications previous- 
ly limited to metals has made glass-reinforced 
Fiberfil injection-molding compounds the long- 
sought answer to a wide range of design prob- 
lems — as the accompanying illustrations typify. 
The comparison chart shown below points up 
the Fiberfil properties that bring them signifi- 
cantly closer to metals in many respects. If 
your product's success demands better physicals 
than you can get with non-reinforced materials, 
write for complete technical data on unique 
Fiberfil compounds. 
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“Carbofil'’ faceplate for 
multiple-pole electrical con- 
nector. Meets military re- 
quirements for  self-extin- 
guishing dielectric material. 
Moisture absorption and 
temperature variations cause 
minimal dimension change. 
Holes unaffected by re- 
peated coupling and un- 
coupling. 


FIBERFIL, Inc. 
Fox Farm Road 


Warsaw, Indiana 





TYPICAL PROPERTIES OF THERMOPLASTICS — UNREINFORCED VS. FIBERFILS 
(3 die-casting alloys included for comparison) 





MATERIAL 
(Nylon 66) 


PROPERTY Unfilled 





Tensile strength, psi x 1000 11.8 
Notched impact strength, ft-ib/in 
ot 73 F(% « % in. bar) 0.9 
at — 40 F(% « % in. bar) 0.6 
Tensile modulus, psi x 10° 4.0 
Elongation, % 
Deformation under load (400 psi), % 2.5 
Heot-distortion point (264 psi), °F 150 
Thermal -expansion coeff, in./in. /° Fx 
10° 5.5 
Water absorption (24 hr.), % 1.5 





Flexure strength, psi x 1000 

Compressive strength, psi x 1000 
Hardness, Rockwell M79 
Specific gravity 


Approximate cost, cents/ cu in 4.0 





Dielectric strength (short time), v/mil 385 
Volume resistivity, ohm-cm «x 10°" 450 
Dielectric constant (60 cycles) 41 


Power factor 160 cycles) 0.0140 











POLYAMIDE 


a 


ALUMI- MAG- 
NUM NESIUM 


STYRENE- 


ACRYLONITRILE” zm 


POLYSTYRENE’ POLYCARBONATE 





Unfilled Unfilled Unfilled (AG 40A) | (No. 380) | (AZ 918) 





9.0 11.0 41.0 43.0 33.0 
2.0° 
1.5 
3.2 


0.3 
280 


3.9 





“70 
1.2 
0.7 5.6 ’ 1.5 





500 “ 400 ] 450 
100 20.0 Tie] 100 
266 3.17 [ae] (3.0 

















0.0030 0.0009 | 0.0085 








Medium flow. genere!-purpese erode; “Heot-resistent grode; "Impact volves for this resin are @ function of thickness; ‘Valve ot 1%, deformation. 
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Give you major advantages 
in properties, cure, end-uses 


The Difference Begins With The Molecule 


Oxirons are epoxidized polyolefins. They have as many 
as 12 reaction sites along the chain, including multiple 
epoxy groups and reactive double bonds. In contrast, 
conventional epoxies are epichlorohydrin based and 
contain only two epoxy groups, both in terminal 
positions. 


Result: Outstanding Physical Properties 


The Oxiron straight chain with its many functional 
groups provides excellent physical and thermal prop- 
erties, versatility in cure, extra-high chemical resist- 
ance. Some resins have useful engineering properties 
well above their nominal heat-distortion points. Ox- 
irons feature good electricals, superior adhesion to sub- 
strates, low creep under load, 


Versatile Cure—Thanks to Greater Reactivity 


Numerous cross-linking groups make it possible to 
cure Oxirons in a number of ways. They are the only 
epoxies that will cure with peroxides. This permits the 
use of monomers (e.g. styrene). Low-cost curing 
agents can be used in high proportions. Some cures de- 
mand little bake. Oxirons display high reactivity with 
anhydrides and dibasic acids at low temperatures, The 
uncured resins have long pot life with polyamines and 
are reactive with a wide variety of other curing agents 
such as polyphenols, Lewis-type catalysts, polysulfides. 


Low Density—An Added Bonus 


Depending on curing agent used, cured Oxirons are 10 
to 20% lower in density than conventional epoxies. 
More volume is available from each pound, and more 
coverage can be obtained from coating formulations. 
Oxirons provide high strength-to-weight ratios. 


Look At These Fields of Application! 


Laminates: Oxirons are useful in wet laminate systems 
as well as prepregs. They produce tough laminates with 
high flex strength. Laminates have been made with 
30-second cures! The resins show excellent adhesion to 
glass fiber. Oxirons are ideal for matched-die and pre- 


mix molding as well as filament winding. Printed cir- 
cuit boards made from Oxiron prepregs show unusually 
high peel strengths between copper and substrate. 


Electrical components: Use Oxirons for potting, encap- 
sulation, coil dipping. Oxirons retain excellent electri- 
cals over a wide range of temperatures... resist crack- 
ing during severe thermal cycling. 


Molded parts: Oxirons can be used to make molding 
compounds for premix molding. Systems exhibit ex- 
tremely fast cure cycles. 


Coatings: Oxirons form coating systems with excep- 
tional chemical resistance, flexibility and adhesive 
power. They lend themselves to a variety of coating 
applications based on catalytic cure and resin ester 
systems. Coatings show unusual adhesion to plastic 
materials. Oxirons contain no residual phenolic hy- 
droxyls that lead to yellowing, as conventional epox- 
ies often do. They are also useful as cross-linkers for 
thermosetting acrylics and other carboxyl-containing 
polymers. 


Three Types of Oxirons Are Available: 
Oxiron 2000 is a high-viscosity resin. 
Oxiron 2001 is a low-viscosity version of Oxiron 2000. 


Oxiron 2002 is a very low-viscosity resin with enhanced 
double-bond reactivity. 


For More Information— 


Send for EPOXY DATA BOOKLET. It describes Ox- 
iron 2000, 2001 and 2002 in detail, contains curing in- 
formation and suggests formulations and uses. Working 
samples are available. Let us know what application 
you have in mind so that we can supply a suitable resin. 
Write to: 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL 
CORPORATION 
Epoxy Department 
161 East 42nd Street, New York 17, N. Y. 
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America’s Pioneer Manufacturer of Epoxy Insulation, Adhesive Tooling Compounds 


YOUR BEST SOURCE OF EPOXY-BASED 
ELECTRICAL-ELECTRONIC INSULATION 


Hysol, pioneer manufacturer of epoxy 
compounds for electrical insulation, 
offers you a complete line of epoxy 
dipping, casting, molding and con- 
ductive compounds. Hysol Epoxy 
compounds provide exceptional 
dielectric properties, flame-out and 
flame retardant and resistance; high 
adhesion; and controlled dimensional 
stability. Available in operating 
classes A to H. 

You may choose from a series of 
proven compounds or, upon consul- 
tation, Hysol will develop or modify 
a compound to meet your needs. 

To assist you in the selection of a 
Hysol compound to fill your needs, 
write for Bulletin E-100. 


HYSOL EPOXY ADHESIVES OFFER 
MANY UNIQUE PROPERTIES 


A complete line of high-strength chemically resistant room 
temperature and heat cure epoxy adhesives. Available in one- 
and two-component systems to bond metal to metal, glass, 
wood, most plastics. 

Also available in easy-to-use Epoxi-Patch Kits in a full 
range of colors and as a room cure adhesive. 

There's a HYSOL Epoxy adhesive or modification to fill 
your demand. Write for Adhesive Bulletin A-100 for more 
complete information 


HYSOL EPOXY TOOLING 
CAN SAVE YOU MONEY 


Hysol offers a complete line of epoxy tooling 
compounds to provide you with tough, dimen- 
sionally stable, economical production and 
prototype tooling. Manufacturers now using 
Hysol tooling systems save 50 to 75% or more. 

For complete information on these proven 
money-saving tooling systems, write for 
Bulletin T-100. 
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cosden polystyrenes 


From Cosden’s unique integrated polystyrene plant at and copolymers are all produced here, and in addition 
Big Spring, Texas, comes the formulations which today’s to the formulations described, Cosden will customize 
industry is finding basic for most polystyrene use. Cosden products to your requirements. Producing quality materi- 
transforms raw crude oil to finished resin in a single inte- als is our business and sales and service representatives 


grated plant. are at your bidding for consultation. Your inquiry is invit- 
General purpose clear crystal, rubber modified blends ed. Call us 


H.1. 800 is a co-polymer with outstanding impact strength elongation 
and flexibility. it is designed for use where abuse resistance is re- 
quired. This material has excellent translucency and fast flow char- 

H.lL a 800 t acteristics. H.|. 800 readily lends itself to injection and compression 
molding as well as extrusion and vacuum forming. Molded articles 
display good surface qualities. 


H.l. 725 is an easy flow high impact intended for general molding 

H.I 4 725 purposes. This material provides economy for certain applications 
where maximum impact characteristics are not required. This material 
has excellent surface finish and gloss. 





M.I. 625 an economical medium impact styrene developed by our 
M. ie 625 research department especially for the container industry. It offers 
faster set up properties without loss of injection time; has better 

finish with excellent translucency for increased end user sale. 





M.l. 600 is a medium impact material with high translucency and 
| stics 
M. 7 600 fast flow characterist 


High Heat 550 is designed for crystal applications requiring maximum 
heat distortion and increased strength characteristics. The product 





- has good flow and excellent clarity even in heavy sections. 
high heat 550 


GPC 525 is a normal flow polystyrene crystal which has a higher 
heat distortion than GPC 500. This increased heat distortion provides 
a faster set-up required in heavier section molding. The material has 


the same high clarity as does GPC 500, has a broad molding range 
GPC 52 5 at a somewhat higher temperature than GPC 500. 








GPC 500 is an easy flowing general purpose crystal polystyrene hav 
ing fast set-up characteristics, with excellent clarity. The unique easy 


flow, fast set-up combination permits its use readily in thin and 
GPC 500 medium wall sections requiring long distances of flow. GPC 500 has 
an exceptionally broad molding range which provides maximum flexi- 

bility in operating conditions. 


Cosden polystyrenes are sold in quantities ranging from 50 
pound bags to 100,000 pound hopper car loads. Storage facili- 
ties are located at strategic points throughout the United States 
for prompt, efficient delivery and service. As the pioneer in bulk 
shipment of polystyrene, Cosden has made possible substantial 
savings to the customer via Dulk shipping to customers’ bulk 
storage facilities. 


CHEMICAL AND PLASTICS DIVISION 
Cosden Petroleum Corporation: box 1311: Big Spring, Texas 
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NEW, FREE-FLOWING 
FILLED COMPOUNDS OF TEFLON 


Use the 300" SERIES FLUOROCOMPS { 

@ for high speed press-molding of parts 

that formerly had to be machined from 
molded billets or extrusions. 

©@ for problem jobs such as thin wall mold- 

ings or extrusion of small diameter rod. 


The new 


"300" Series of granulated 


FLUOROCOMPS, opens up profitable new 
molding applications, and new economies, 
They ore available in a large variety 
of Teflon 1 compositions with Fiberglas, 
Graphite, Molydisulphide, metallic or other 


ORGANOSOLS 


type fillers—with or without pigments. 


STANDARD 


FLUOROCOMPS | 
Filled Compounds of 
Tefion TFE or FEP 
These dependable, carefully 
compounded materials are pre- 
pared by LNP to your specifico- 
tions. They can be tailored to 
improve the mechanical strength, 
resistance to wear, dimensional 
stability or thermal conductivity 
of Teflon moldings for chemical, 
mechanical or electrical applica- 
tions. LUNP can furnish filled 
compounds of TEFLON or other 
flvorocarbons for almost any 
requirement on a custom basis 
—wvsually on short notice. Ask 

for our recommendations. 


PIGMENTED 
TEFLON 


LNP offers a full range of pop- 
ular colors in Teflon TFE and 
FEP resins. Our pigments are 
noted for color stability and 
inertness at elevated tempera- 
tures, high purity and improved 
dispersion qualities, and many 
conform to MILSTD 104. Avail- 
able as pigment for Teflon 1, 
5, 6, 7, or 100; in Teflon TRE 
Molding resins (100 & 300 
series); or as pelletized color 
concentrates of Teflon 100 
(FEP) for thin wall wire coat- 
ing or spaghetti tubing. 


LIQUID COATING RESINS 


@ A wide variety of materials for different application techniques. _ 

© Easily applied to metals, plastics, glass, wood, cement or other 
materials with excellent adherence. 

@ They are used on parts of any size to provide CHEMICAL, 
WEATHER, THERMAL or MECHANICAL RESISTANCE — or 
ATTRACTIVE APPEARANCE. 


These Liquid Coating Resins have years of proven service in all 
applications and many were developed to the exacting specifica- 
tions of the circraft and missile industry. LNP will gladly provide 
information on physical properties or application techniques. 


LIQUINITE tf COATING POWDERS for FLUIDIZED 
BED, DISPERSION, DRY POWDER or FLAME 
SPRAY APPLICATIONS 


© TEFLON* These free-flowing, dependable Coating 

® PENTON** Resins are economical to use and are avail- 

able in several colors. Because they are 

¢ VINYL finely divided, they are easier to work 

® CELLULOSICS with and produce dense, pore-free coot- 

i ings. Send for bulletins on processes and 

techniques of application, and consult us 

on your dry coating problems or require- 
ments. 


* DuPont Registered Trademark ** Hercules Registered Trademark 


t Liquid Nitrogen Processing Registered Trademark 


Write for our bulletin covering molding, extrusion and coating 
compounds. We will be glad to assist you on your problems 
and make recommendations based on our extensive experience. 


LIQUID NITROGEN PROCESSING CORP 























Where should you look FIRST for experience with POLYPROPYLENE? 


To Montecatini, of course! Montecatini developed the first isotactic polypropylene and applied this re- 


markable thermoplastic to new products for more than three years—longer than anyone in the field. Many new 
applications have been designed and developed specifically to take advantage of MOPLEN’s unusual character- 
istics. [JB Now mop ten is being produced in the United States by Montecatini’s subsidiary, Novamont. [J Before 
you decide on any material for any new design, why not take advantage of this experience? Technical service 
iS available. We'll be glad to send literature on molding and applications. Write to Novamont’s and 


Montecatini’s representative in the United States: Chemore Corporation, 2 Broadway, New York 4, N. Y., BO 9-5080. 


‘MOPLEN ~~ NSXA¥2Ni 


POLYPROPYLEN E& 


° 
Monte ‘ini trademark 
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has shown higher usable strength 
-20° F., 
than conventional medium-impact 
styrenes. Another addition by the 
same company is an extra-high- 
impact styrene (Bakelite 2100) 
reported to produce moldings 
which have the strength of ABS 
polymers yet cost less and have a 
specific gravity; it will 
strength at low tem- 


and toughness, even at 


lower 
maintain 
peratures. 


Viny! polymers and 
copolymers 


@ A new development is a higher 
heat-resistant vinyl (B. F. Goed- 
rich) capable of withstanding 
temperatures 60° F. higher than 
other vinyls—up to 210° F. in con- 
tinuous service, compared with 
previous vinyl limits of 140° F. 

@ Porous vinyl is being used suc- 
cessfully in the manufacture of 
printing plates (ADS Inc., Div. of 
CSW Plastic Types, Inc.). The 
porous vinyl used (Poron, Rogers 
Corp.) is combined with perfo- 
rated aluminum to form a sheet 
that reportedly can be converted 
into a printing plate by conven- 


methods but at a labor 
saving of at least 30% over other 
vinyl! plates. 

@ Vinyl engraving material of a 
new type (Koroseal 60, B. F. 
Goodrich Industrial Products Co.) 
is reported to permit higher press 
speeds and to give longer plate 
life and better ink coverage with 
less ink. The new material is 
especially designed for printing 
bags of all types. Plates made with 
it are reported to last 50% longer 
and to permit running 30% faster 
than other flexible plates. 

@ Vinyl-surfaced gypsum grain- 
board (Gold Bond Vinyl-Guard, 
National Gypsum Co.) is a new 
offering in the decorative wall- 
board field. It consists of a core of 
fireproof gypsum wallboard cov- 
ered with a vinyl chloride film in 
a simulated wood-grain finish. 

@ A new coating (Mobay’s poly- 
isocyanate and Union Carbide 
Plastics’ modified vinyl chloride- 
acetate copolymer) is reported to 
protect all parts of aircraft ef- 
fectively against a wide variety of 
corrosive dusts and liquid chemi- 
cals under extreme variations of 
temperature and humidity. In the 


tional 


mixed coating system, the nor- 
mally thermoplastic vinyl resin is 
reportedly converted to a thermo- 
set, with added improvements in 
chemical and weathering resist- 
ance, and greater heat stability. 

@ Another new vinyl chloride- 
vinyl acetate low-molecular- 
weight resin (Pliovic S-51, The 
Goodyear Tire & Rubber Co.’s 
Chemical Div.) is being pro- 
duced as a fine white powder. 
It is reported to be suitable 
for producing rigid molded or 
extruded products under limited 
processing temperatures. It is 
also said to produce film charac- 
terized by good clarity. 

@ Vinyl magnetic strip (Koro- 
seal, B. F. Goodrich Industrial 
Products Co.) is now being pro- 
duced in a range of nine standard 
colors, instead of only the basic 
brown hue formerly available. 
The color is obtained by applying 
a vinyl paint which, it is claimed, 
becomes an integral part of the 
magnetic strip. First use of vinyl 
magnetic strip was as a closure- 
gasket on refrigerators which 
made an air-tight seal and elimi- 
nated the need of a latch. 
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FORMULATED 
COMPOUNDS 


Read any good 
literature lately? 


Rezolin has more than 23 
years’ experience as formu- 
lators of plastic compounds 
for Tooling, Electrical, Pot- 
ting, Encapsulation, Sealants 
and Adhesives. 
®@ Materials and Equipment for your needs 
@ Research and Development Service 
@® Custom Formulating Service 
@ Prototype and Specialty Production 


Bring us your Epoxy problems « Write for Illustrated Brochure 


REZOLIN, INC. | 


Formulators of Plastic Compounds since 1938 


BRANCH PLANTS 
i Mt. Clemens, Michigan | Newark 2, New Jersey] Suresnes (Seine), France 
Detriot Area 155 Washington St 3 bis rue Marcel-Monge 


There’s a particularly striking page in 
every issue of Modern Plastics Encyclo- 
pedia . . . that refers to a wide variety 
of pamphlets, brochures and other manu- 
facturers’ literature all carefully de- 
scribed in 12 informative pages—and all 
yours without any charge. 


All you have to do is circle the items 

you want, fill in the reply card and mail. 

You'll get the new literature you want 
- pronto, 


PT Ey 


A Service of 


MODERN PLASTICS 
A Breskin Publication 
770 Lexington Avenue « New York 21, N.Y. 


Per ree 


35640 So. Gratiot Ave. | Tel.: MArket 3-8716 | Cable: PLASTOOL, Paris 
Tel.: PRescott 8-6284 
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FOREWORD 


Each field of engineering has its techniques and rules .. . 
and its standards for the use of the materials of construc- 
tion peculiar to that field. Plastics are engineering mate- 
rials of construction, and they follow the same rules as 
other materials. 


This booklet is designed to emphasize the guide lines of 
practical design for applications using DuPont plastics 
... and to point out the characteristics of four of Du Pont’s 
engineering plastics which are finding applications in your 
industry and other industries. 


INTRODUCTION 


Plastics differ—not only from other materials of construc- 
tion—but from each other. Plastics range widely in prop- 
erty differences. Sometimes these differences are subtle, 
sometimes they are striking—but they are always large 


enough to distinguish each plastic as a separate material 
with its own fundamental nature and its own technology, 


This brings us to a basic question... 


WHAT ARE PLASTICS? 


Plastics are man-made materials in contrast to nature’s 
materials—the nylons (polyamides), acetals, polystyrenes 
and polyethylenes, for example, as opposed to iron, alumi- 
num, zinc and asbestos. Plastics are capable of being 
formed into various shapes, most usually through the ap- 
plication of heat and/or pressure. A commonly accepted 
definition notes that plastic materials are readily pliable 
at some stage in their application. 
Plastic materials divide generally into two branches- 

thermosetting and thermoplastic materials. Thermosetting 
materials become set into permanent shape when heat and 


pressure are applied to them during forming; reheating 
will not soften these materials. Thermoplastic materials 
become soft when heated and harden when cooled—no 
matter how often this process is repeated. The Du Pont 
plastics, described in this booklet, are all thermoplas- 
tic materials. 

The Du Pont Company is a plastic resins manufacturer, 
formulating the plastics from basic chemicals. The result- 
ing compounds, in the form of granules, powders, pellets, 
etc. are sold to processors who do the molding, extrusion 
and fabricating of the actual plastic parts. 


FOUR DUPONT PLASTICS 


Over a period of years, Du Pont has developed four classes 
of versatile plastic engineering materials. The diversity of 
properties among these plastics has created a unique de- 
sign opportunity for engineers. Thus, new applications, ex- 
ploiting the superior and often unique performances of 
these plastics, continually appear on the market. 

Each of the four Du Pont classes of plastics is a group or 
family of formulations that permit the engineer to select 


ALATHON polyethylene resins 


ALATHON is the registered trademark for Du Pont’s wide 
variety of polyethylene resins, each tailored for specific ap- 
plications. Molding powders of ALATHON are processed by 
any of the standard techniques. Other ALATHON resins 
may be applied to paper, cloth or other flexible materials 
by extrusion coating. This plastic is light, tough, flexible, 
moisture resistant, and resistant to most chemicals. 


DELRIN «§acetal resins 


DELRIN, the newest of Du Pont’s engineering plastics, is a 
crystalline form of polymerized formaldehyde. The out- 
standing characteristics of these resins are: stiffness 
(which permits design of parts with large areas and thin 
sections); good tensile strength and creep resistance un- 
der a wide range of temperature and humidity conditions ; 


the combination of properties best suited to his design 
needs. Each resin formulation is tailor-made for specific 
types of applications. For example, a family may havea 
range of formulations that have properties from extreme 
flexibility to good stiffness, or a selection of various de 
grees of heat resistance. 


These are the four families: 


ALATHON resins are used extensively as packaging ma- 
terials. As insulation and jacketing for wire and cable, 
using ALATHON often means smaller over-all cable diam- 
eters. Easily formed into thin sections, this plastic is well 
suited for bottles, tubing and pipe. Because it remains 
flexible at low temperatures (down to —95°F), ALATHON 
is ideal for freezer and refrigerator dishes and containers. 


high fatigue endurance and resilience for applications tf 
quiring springiness and toughness. 

DELRIN is now widely used in such diverse applications 
as automobile instrument cluster housings and model trait 
parts, fishing reels and conveyor belts, high speed gears and 
pump impellers, aerosol bottles and load-break are chutes. 











LUCITE acrylic resins 


Lucite offers exceptional weatherability, and is well known 
for its outstanding optical characteristics. LUCITE is 
strong, yet light. It will not warp, crack or craze from tem- 
perature extremes; it is unaffected by moisture, radiant 
energy, salt spray, or air contaminants. 

LUCITE is on millions of automobiles in taillight and 
parking light lenses. Lucire is used for decorative em- 
blems, medallions and names plates on such items as appli- 
ances and automobiles. Available in a rainbow of sparkling 
colors, LUCITE is ideal for packaging, jewelry and signs. 


















Why plastics? Simply because plastics, in many applica- 
tions, can do a better job and at a lower cost, than 
other materials. 



















































































































g Designing in plastics brings many cost savings into im- 
8 mediate focus. These include such considerations as: 
0 ¢ Unique combinations of properties at low basic mate- 
it rial cost. 
¢ Modern, high-speed injection molding techniques which 
permit long, efficient runs. 
T, ¢ Use of multi-cavity molds to speed production. 
t- ¢ Substantial reductions or even eliminations of hand 
8, and machine finishing operations which give cost sav- 
on ings per part. 
¢ Addition of integral color to add sales appeal or give 
color coding. 
¢ Designed combination of parts, such as gear, shaft and 
cams in one molded piece. 
gn 
ific 
pa 
me 
de- 
The steps from idea to production are based on logical 
and well-known design principles. These principles apply 
equally to the manufacture of gears, optical systems, in- 
dustrial components, consumer articles or rockets . . . and 
regardless of materials of construction. 
- Here is the development of a typical product idea from 
able, analysis and engineering design to production. The steps 
ie focus on all factors the design engineer must consider. 
well 
8 
ws lefining The End-Use Requirements 
ners. As an initial step, the product designer or design engineer 
must anticipate the conditions of use and the performance 
requirements of the product. This is the area of consider- 
ing such things as: 
Environment Maintenance 
is Te Load Shape 
Speed of production Color 
tions Life expectancy Strength 
— Optimum size Stiffness or flexibility 
“a These end-use requirements can be ascertained through 





market analysis, surveys, examinations of similar prod- 





WHY PLASTICS? 


THE ENGINEERING APPROACH TO SUCCESSFUL PLASTICS APPLICATIONS 





ZYTEL’ nylon resins 


ZYTEL is Du Pont’s registered trademark for its series of 
polyamide resins. These materials are noted for toughness, 
abrasion resistance, strength, low coefficient of friction 
and heat resistance. 

ZYTEL is an effective material for cams, gears, bearings, 
sprockets and rollers. Good électrical properties make 
ZYTEL adaptable to such applications as coil forms, switch 
parts and wire and cable insulation and jacketing. Corro- 
sion resistance makes ZYTEL suitable for shower heads, 
lubrication line tubing and fuel filter housings. 


e Variety of quick and economical fastening techniques, 
such as snap fits, press fits, rivets, spin welding, head- 
ing and self-tapping screws. 


e Lighter weight means a higher yield of parts per 
pound of material than in metals. 


¢ Shipping costs, if based on weight, may be lower. 


Each plastic is sold, and sells itself, on the basis of its 
properties. Thus, each plastic is not an answer to all prob- 
lems. Like other materials of construction, the differences 
between plastics determine how and where they are used. 
Good design is a necessity. Money can be saved by using 
plastics, but more money—and headaches—are saved by 
designing to use plastics. The key point is that successful 
plastics’ applications are designed from the ground up. 
Which leads us to... 








ucts, testing, general experience, and frequently, the coun- 
sel of the plastic resin suppliers. 

A clear definition of product requirements leads directly 
to choice of the material of construction. 


2. Selecting The Material 


There are thousands of engineering materials available, 
yet no single one will exhibit all desired properties in their 
proper relationships. Therefore, a compromise between 
properties, cost and manufacturing process determines the 
material of construction. Selecting a plastic is very similar 
to selecting a metal. As metals differ, so do the plastics. 
Even within one series, materials differ because of varying 
formulations. Just as steel compositions vary—tool steel 
and stainless steel, for example—so do the nylons: for ex- 
ample—Du Pont’s ZYTEL 42 for extrusion and ZYTEL 101 
for molding. 

Once the plastic material is chosen, the design engineer 
needs a firm set of properties and engineering data upon 
which to base his first design. The data can come from 
handbooks, or, more likely, from the published literature 
provided by the resin manufacturer. 





3. Drafting The Preliminary Design 


The designer blends the end-use requirements and the 
properties of the selected plastic into a preliminary design. 
He uses his familiar engineering techniques and formu- 
lae to achieve a design that answers the three needs 
for success. 

¢ It must be econoniically attractive. 

¢ It must fulfill the functional requirements. 

¢ It must be attractive in appearance. 

The production method to be used will often set limita- 
tions on design. The design engineer should be aware of 
the strengths and weaknesses of the method selected. The 
materials supplier and the processor, with their practical 
experience in hundreds of applications, can assist in 
this area. 


1. Prototy ping The Design 


Here is the opportunity for the designer to see his product 
as a three-dimensional object. This, too, is the first oppor- 
tunity for checking the engineering design. The quality of 
the prototype is quite important. The method used in pro- 
ducing the prototype may not be the same as that planned 
for the final production line but the design must be identi- 
cal to that expected on the production line—otherwise tests 
may be misleading and analyses false. Only an accurate 
prototype can give meaningful answers to future produc- 
tion problems. 

If the search for the right material has been narrowed 
only to two or three, prototyping will help spotlight one of 
them as the best. 


5. Testing The Design 


Every design should be given an actual or simulated serv- 
ice test while in the prototype stage to insure that the 
obvious is not overlooked and that the not-so-obvious is 
taken into account. The end-use requirements dictate the 
design testing program. An engine part might be given 
temperature, vibration and hydrocarbon-resistance tests; 
a luggage fixture subjected to abrasion tests; and a toaster 
knob checked for electrical and heat insulation. Other tests, 
such as field testing or consumer reaction, are part of the 
necessary procedure for completely evaluating any design. 
With test results in and tabulated, it’s time for... 


6. Taking A Second Look 


The second look at the design provides an answer to the 
basic question: Is the product doing the right job at the 
right price? 


At this point most products can be improved by rede- 
signing for better production economies or for important 
functional or esthetic changes. Weak sections can be 
strengthened, colors changed, and new features added. 
Substantial and vital changes in design will require 
retesting. 

Now is the time to set up production. The first step is to 
write the specifications. 


7. Writing A Meaningful Specification 


The purpose of the specification is to eliminate any varia- 
tions in the product that would not satisfy the end-use or 
economic requirements. The specification is a complete set 
of written requirements which the part must meet. The 
specification for the part should include such things as the 
material of construction by brand and generic name, 
method of fabrication, dimensions, color, surface finish, 
packaging, printing and every other detail of production to 
which there could be more than one answer. 


8. Setting Up Production 


After the specification is written but before the production 
line can start, dies and molds must be designed, built and 
integrated with the processing equipment. (In some cases, 
dies and molds can be started while testing is in progress.) 
Du Pont, as the plastic resins supplier, can be of great help 
in this step. 

Production efficiency and economy can be realized 
through proper design of tools. The processor is an im- 
portant source of aid in this area..Du Pont also has great 
experience in this area which can be of assistance to you. 

With the production line rolling, the accent changes to 
quality control. 


9. Controlling The Quality 


Good inspection practice requires a check list to maintain 
a consistently good product. The inspection check list, for 
the most part, will conform to the end-use requirements of 
the product. Tolerances should be practical but written 
tightly enough to safeguard the product against undesir- 
able functional, esthetic and cost variations. 

Here, too, it is beneficial to consult with the resin sup- 
plier or the molder, who knows the processing and finish- 
ing characteristics of the plastic. 





What Do These Principles Reveal? 


These nine points typify the steps from idea to production 
of a plastic part. This step-by-step procedure will bring 
to light positive factors which are fundamental to the suc- 
cess of a product. 
e An economic and engineering analysis of the product 
requirement. 


¢ The best plastic to use and a knowledge of its properties. 


e The best functional, economic and esthetic design. 

* Controlling the quality of the manufactured product. 

Designing in plastic gives the right answers for these 
factors. And we feel that the wide range of Du Pont resin 
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formulations allows the designer to select an engineering 
material that will do the job better and more economically. 

The comparative charts on pages 6 and 7 graphically dis- 
play the characteristics of Du Pont plastics. Physical prop- 
erty data are also presented on pages 6 and 7. From these 
charts and data sheets, the designer can obtain much use- 
ful guidance for his preliminary design studies. As the 
design firms up, more data will be needed. Further infor- 
mation on the Du Pont plastics can be easily obtained by 
writing or calling the nearest Du Pont office. See the back 
cover for a listing of these offices. 
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PROCESSING TECHNIQUES CHEMICAL GEAR 


Lightweight 


ALATHON 


polyethylene 
resins 


ee oe 


Excellent electrical properties 
Good chemical resistance 


Toughness, even at very low temperatures 


Many compositions available covering a 
wide range of density and melt index 
Contact your District Office (see back 
page) for your particular end use 


Resistant to bases and weak acids. Slowly 
attacked by oxidizing acids. Soluble in 
some organic solvents above 60°C 


Not applicabie 





Stiffness 

Fatigue endurance 
Creep resistance 
Resihence 


DELRIN 


acetal 
resins 


Low 
dynamic are equal 


vents 


Low moisture absorption 
coefficient of friction 


static and 


Retention of properties in adverse en 
vironments—temperature, moisture, sol 


DELRIN 500—general purpose molding 
material; surface lubricated 

DELRIN 550—extrusion material com- 
parable to Deirin 500 but not surface 
lubricated 

DELRIN 507X—comparable to Delrin 500 
but contains a light stabilizer; surface 
lubricated 

DELRIN 100—injection molding of parts 
requiring greater toughness; high vis 
cosity hence suitable only for easy-to 
fill molds; surface lubricated 

DELRIN 150—extrusion material com 
parable to Delrin 100 but not surface 
lubricated 


Organic solvents—exceilent resistance at 
temps. below 160°F 

Salts, weak acids and bases, mild oxidiz- 
ing agents, detergents— generally satis- 
factory 

Strong acids, bases and oxidizing agents 
—limited utility especially at higher 
temps 

Note: in any service use adequate actual 
or simulated service testing to determine 
suitability 


Good —- and wear using 20° full- 
depth tooth. Approximate face width, 
obtained from Lewis gear equation. Di 
mensionally stable in moist environments 
Fatigue strength unaffected by moisture 
or lubricating oils. Depending upon load/ 
speed conditions, gears can run unlubri 
cated or with only initial lubrication 





—T 
LUCITE 


acrylic 
resins 


Rigidity 


ZYTEL 


nylon 
resins 


Toughness 
Abrasion resistance 





| Resilience 
' 


' 
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*Resin formulations are available for man 


Weatherability, color stability 
Optical clarity, sparkle 
Unique decorative possibilities 


Low coefficient of friction 


| Heat resistance (including boiling water 


Molding—LUCITE 140 for maximum heat 
resistance (auto lenses and dials, light 
fixtures, signs). LUCITE 129 for balance 
of heat resistance and moldability (for 
more difficult moldings of intricate pieces) 
LUCITE 130 for maximum flow in moldin 
brush backs, jewelry, thick optica 
lenses 

Extrusion—LUCITE 147 for sheet having 
maximum strength and solvent craze 
resistance (signs, lighting). LUCITE 129 
and 140 for sheet, rod and other shapes 
(jewelry and less critical light fixtures). 


Resistant to petroleum oils, most alcohols 
dilute aqueous alkalis and acids (battery 
acid) 

Not resistant to oxidizing acids, ae 
alkalis, ketones, esters, aromatic an 
halogenated hydrocarbons 


Not usually applicable. 
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Many compositions available covering a 
wide variety of needs such as 

Injection molding 

Biow molding 

Extrusion 

Wire jacketing 

Hydrolysis resistant 


Solution n and dispersion grades available 
aaa oe 


specific and unusual applications. 
For further information, contact your District Office 


Resists all common organic solvents ex- 
cept phenols and formic acids. 

Slowly attacked by strong mineral acids 
and oxidizing agents— adequate testing 
is recommended. 

Resistance to oils, greases and electro- 
lytic corrosion are particularly valuable 











Excelient for moderate loads. Superior 
to DELRIN when abrasion is limiting; 
inferior when fatigue is limiting. Serves 
well without lubrication. 
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Fait, | Felis — | See, | See, — | Grcationt | Excstiont — | Ceebig, | Sandie, | Seed, | Goede Good... 
ALATHON" & DELRIN" LUCITE" ZYTEL" 
polyethylene acetal resins 
NOTI _ °) The outdoor durability of biack-pigmented- RLATHON 9) Value is for 0.138n: thickness. Thicker specimens give 
Classified according to ASTM D1248. is excellent. greatly reduced rates by this test. 


Deformation under load for ALATHON® determined at 6) Burns with no tracking. Flame extinguishes itself when 
100 psi—standard for non-rigid plasti 


Thermal conductivity measured by Cenco-Fitch ap- 


paratus 
‘ Apparent expansion is influenced 


















ics. arcing stops. 


as much by conditions 








Not usually applicable 








ENVIRONMENTAL QUALIFICATIONS 
BEARING 


Not applicable 


—— 
ELECTRICAL 

Low dielectric constant and power 
factor of resin 
Special compositions available for 
wire and cable applications. Contact 
your District Office (see back cover) 
for your particular end use 


DELRIN® 507X is a weather-resistant grade. Retention NOTE 
of physical properties is good. Some surface chalking may 
occur upon prolonged exposure. 
under which specimen was prepared as by temperature 8) Value is for 0.125 in. thickness; for 0.0625 in., values 


change: hence, these values are useful only as guides. are approximately 50% higher. 


170°F .-250°F. depending on density 








$name 


Fair 


Weather-resistant compositions are 
available 


For long-term outdoor exposure, ZYTEL® 105 BK-10 
and similar weather -resistant grades are recommended. 
These values are representative of those obtained 
under standard ASTM conditions and should not be used 
to design parts which function under different conditions. 
Since values in this tadle are average values, they should 
not be used as minimums for material specifications. 
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Low starting torques since unlubri- 
cated static and dynamic coefficients 
of friction are same (0.1-0.3). Co- 
efficients of friction on steel show 
little change over wide range of 
temps. (73°F .-250°F.), bearing loads 
6.5-2500 psi) and surface speeds 
8-367 fom). Can run with little or 
fo lubrication, depending on load 
speed conditions 

Unlubricated PV is approximately 
1600. Minimum operating clearance 
is 0.005 in/in. of shaft diameter 


Low dielectric constant (3.7) and 
dissipation factor (0.004) over wide 
ranges of temps., frequencies and 
moisture conditions. High volume 
resistivity at R.T. water saturation 
(2 x 10" ohm-cm). High dielectric 
strength (590V/mil at 73 mils thick 
ness). Non tracking 





Continuous service in air u 
Intermittent service to 
tinuous service in water up to 150°F 
Intermittent service in water at 
higher temps.—up to 250°F . depend 
ing on service life requirements 
Note: In any service use adequate 
actual or simulated service testing 
to determine suitability. 


Weather resistant compositions (507X 
& 157X) have improved retention of 
mechanical properties. Some surface 
chalking may occur upon prolonged 
exposure 














Fabricating techniques— 

Machines like free cutting brass 
Joining by heat or spin hay a 
Snap or interference fits, rivets, se 
tapping screws or heading. 
Finishing— 

Painting, metalizing, printing. 
Economics favor replacement of 
metals and metal die-castings. 




































































Recommended for low gee high voit- 
ages at up to 160-200 

Not recommended for sapaioenset 

parts 


Up to 160-200°F., depending upon 
load 





Outstanding weatherability 








Highly resistant to UV radiation from 
fluorescent lamps. 
Does not splinter when fractured 














Widely applicable. Must design for 
dimensional changes 





Electrical properties fair but adequate 
for many power frequency applica- 
tions. For high frequency wire in- 
sulation, is used over vinyl or poly- 
ethylene primary for mechanical, 
thermal and chemical protection 
Very useful for mechanical parts of 
electrical equipment. 


grades available 





To 250°F. or even higher for inter- 
mittent low loads. Heat resistant 


Special weather-resistant colors 
available for extended and contin- 
uous outdoor service 











Wide assortment of colors available 
































PRODUCT KEY PROPERTIES 
Toughness, even at very low temperatures 
ALATHON Lightweight 
Excellent electrical properties 
polyethylene Good chemical resistance 
resins 


DELRIN 


Stiffness 
Fatigue endurance 
Creep resistance 





' 


|} Extrusion—LUCITE 147 for sheet having 





acetal Resihence 
resins | Low moisture absorption 
| Low coefficient of friction (static and 
dynamic are equal 
Retention of properties in adverse en 
| vironments—temperature, moisture, sol 
| vents 
' 
| Weatherability, color stability 
LU Cl ] F | Optical clarity, sparkle 
|} Unique decorative possibilities 
acrylic | Rigidity 
resins 
; a 
Toughness 
7 YT 7 1 Abrasion resistance 
Low coefficient of friction 
nylon Resilience 
resins 


Heat resistance (including boiling water 


*Resin formulations are available for man 


lubricated 
= 


Many compositions available covering a 
wide range of density and melt index 
Contact your District Office (see back 
page) for your particular end use 


L 40 & 140 180°F 





Resistant to bases and weak acids. Slowly 
attacked by oxidizing acids. Soluble in 
some organic solvents above 60°C 


GEAR 
Not applicabie 





+——____—— 
| DELRIN 500—general purpose molding 


material; surface lubricated 

DELRIN 550—extrusion material com 
parable to Delrin 500 but not surface 
lubricated 

DELRIN 507X—comparable to Delrin 500 
but contains a light stabilizer; surface 
lubricated 

DELRIN 100—injection molding of parts 
requiring greater toughness; high vis 
cosity hence suitable only for easy-to 
fill molds; surface lubricated 

DELRIN 150—extrusion material com 
parable to Deirin 100 but not surface 





Molding—LUCITE 140 for maximum heat 
resistance (auto lenses and dials, light 
fixtures, signs). LUCITE 129 for balance 
of heat resistance and moldability (for 
more difficult moldings of intricate pieces 

LUCITE 130 for maximum flow in moldin 

brush backs, jewelry, thick optica 
lenses 


maximum strength and solvent craze 
resistance (signs, lighting). LUCITE 129 
and 140 for sheet, rod and other shapes 
jewelry and less critical light fixtures 
Many compositions available covering a 
wide variety of needs such as 

Injection molding 

Biow molding 


| Extrusion 


| Solution and dispersion grades available | 


Wire jacketing 
Hydrolysis resistant 





—+— 


Organic solvents— excellent resistance at 
temps. below 160°F 

Salts, weak acids and bases, mild oxidiz 
ing agents, detergents— generally satis- 
factory 

Strong acids, bases and oxidizing agents 
—limited utility especially at higher 
temps 

Note: In any service use adequate actual 
or simulated service testing to determine 
suitability 


Good —— and wear using 20° full 
depth tooth. Approximate face width 
obtained from Lewis gear equation. Di 
mensionally stable in moist environments 
Fatigue strength unaffected by moisture 
or lubricating oils. Depending upon load/ 
speed conditions, gears can run untubri 
cated or with only initial lubrication 





Resistant to petroleum oils, most alcohols 
dilute aqueous alkalis and acids (battery 
acid 
Not resistant to oxidizing acids, an 
alkalis, ketones, esters, aromatic an 
halogenated hydrocarbons 


Not usually applicable. 





Resists all common organic solvents ex- 
cept phenols and formic acids 

Slowly attacked by strong mineral acids 
and oxidizing agents— adequate testing 
is recommended 

Resistance to oils, greases and electro- 
lytic corrosion are particularly valuable 


Excelient for moderate loads. Superior 
to DELRIN when abrasion is limiting; 
inferior when fatigue is limiting. Serves 
well without lubrication 


—_———_—4 





specific and unusual applications 
For further information, contact your District Office 
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WIRE AND CABLE INSULA- 
TION AND JACKETING 


Cable insulation and jacketing of 
ALATHON take advantage of the high 
dielectric strength of these resins, plus 
their resistance to moisture and chemi- 
cal attack. Because of its superior elec- 
trical properties, insulation of ALATHON 
can be thinner than other materials, 
making the cable lighter in weight and 
easier to handle. Use of ALATHON fre- 
quently permits smaller over-all cable 
diameters and smaller conduits, saving 
space and reducing installation costs. 





AUTOMOBILE CARPETING 
BACKED WITH ALATHON 


Each new model year finds more new 
automobiles equipped with luxury car- 
peting backed with Du Pont ALATHON. 
Carpeting so made can be preformed to 
fit transmission and drive shaft tun- 
nels and other bumps and humps in car 
floors. Preforming saves the expense 
and assembly line hold-ups of cutting 
and fitting. The backing of ALATHON 
gives long life at low production cost. 
ALATHON resists the effects of grease, 
water and acids. 





MOISTURE-RESISTANT BAG 
FOR DU PONT DELRIN® 


Du Pont’s newest plastic—DELRIN ac- 
etal resin—travels in an equally new 
package. The moisture barrier of this 
multi-wall bag is a sheet of 0.6005 in. 
aluminum foil which is coated on its 
inner surface with three mils of 
ALATHON. The foil is laminated on the 
other side with one-half mil of ALATHON 
to a 40-lb. sheet of natural kraft. The 
remaining walls consist of three 50-Ib. 
kraft sheets and one 60-lb. kraft sheet. 
Heat-sealing the open end takes place 
on a special two-inch lip where the 
layers of ALATHON can be brought to- 








——e: ESS, See PSIeee SS Verret Vy Ge BeIvre. 


ENVIRONMENTAL QUALIFICATIONS 


StS GPPrVvariiaiery LV 7p MigNet 





| BEARING 


Not applicable 


Low dielectric constant and power 
factor 

Special compositions available for 
wire and cable applications. Contact 
your District Office (see back cover 
for your particular end use 


NOt Be USCC a5 MNMIMUMS Tor Material Specitications. 





170°F .-250°F. depending on density 
of resin 


Fair 


Weather-resistant compositions are 
available 





Low starting torques since unlubri 
cated static and dynamic coefficients 
f friction are same (0.1-0.3). Co 
efficients of friction on steel show 
little change over wide range of 
temps. (73°F .-250°F .), bearing loads 
6.5-2500 psi) and surface speeds 
8-367 fpm). Can run with little or 
no lubrication, depending on load 
speed conditions 
Jnlubricated PV is approximately 
Minimum operating clearance 
$ 0.005 in/in. of shaft diameter 


Not usually applicable 


———————EEEE 





Low dielectric constant (3.7) and 
dissipation factor (0.004) over wide 
ranges of temps., frequencies and 
moisture conditions. High volume 
resistivity at R.T. water saturation 
(2 x 10° ohm-cm). High dielectric 
strength (590V/mil at 73 mils thick 
ness). Non tracking 


Continuous service in air up to 180°F 
intermittent service to 250°F. Con 
tinuous service in water up to 150°F 
Intermittent service in water at 
higher temps.— up to 250°F. depend 
ing on service life requirements 
Note: In any service use adequate 
actual or simulated service testing 
to determine suitability 


Weather resistant compositions (507X 
& 157X) have improved retention of 
mechanical properties. Some surface 
chalking may occur upon prolonged 
exposure 


Fabricating techniques— 

Machines like free cutting brass 
Joining by heat or spin welding, 
snap or interference fits, rivets, self 
tapping screws or heading 
Finishing— 

Painting, metalizing, printing 
Economics favor replacement of 
metals and metal die-castings 





Recommended for low and high volt 
ages at up to 160 F 

Not recommended for highly -stressed 
parts 





Widely applicable. Must design for 
dimensional changes 


Up to 160-200°F.. depending upon 
load 


Outstanding weatherability 


Highly resistant to UV radiation from 
fluorescent lamps 


Does not splinter when fractured 





Electrical properties fair but adequate 
for many power frequency applica- 
tions. For high frequency wire in 
sulation, is used over vinyl or poly 
ethylene primary for mechanical 
thermal and chemical protection 
Very useful for mechanical parts of 


To 250°F. or even higher for inter 
mittent low loads. Heat resistant 
grades available 


Special weather-resistant colors 
available for extended and contin 
uous outdoor service 


Wide assortment of colors available 


electrical equipment 





CORROSION-FREE TOILET 
TANK BALL RETAINER 


This ball retainer and guide can be in- 
stalled without tools. Easily fitted to 
pipes of varying diameters, the new 
unit of ALATHON® will not corrode. It 
promises both long life and an end to 
“handle jiggling”. The retainer auto- 
matically centers the rubber-ball valve 
over the seat with perfect alignment. 
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CLEANABLE, REUSABLE, 
SNAP-ON CLOSURE 


Reusable snap-on closure for canned 
juices, syrup, oils, etc., is affixed after 
the can has been opened with either a 
puncture-type or a rim-type opener. 
The closure has a non-drip pour spout 
and vent holes on the side of the spout 
and an air hole inside the lid to prevent 
surging of the contents. The entire unit 
of three parts (lid, cap on lid and inner 
liner) comes apart and reassembles 
easily for cleaning. ALATHON 37 was 
chosen for this application for its com- 
bination of moldability, freedom from 


ee SS La 





SHOE POLISH IN SQUEEZE 
BOTTLES 


Liquid shoe polish is now available in a 
unique bottle blow molded of ALATHON 
20 with a molded inner cap of ALATHON 
34. Cone-shaped to fit the hand, the dis- 
tinctive bottle has a fluffy wool ball that 
applies the polish to the shoe. Pushing 
the ball down into the bottle, by press- 
ing the ball against the shoe, uncovers 
an orifice in the inner cap. Pressure on 
the bottle forces the liquid polish out 
through “tunnels” in the cap and along 
the wire stem to the ball. ALATHON has 
excellent snapback qualities, resistance 
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WIRE AND CABLE INSULA- 
TION AND JACKETING 


Cable insulation and jacketing of 
ALATHON take advantage of the high 
dielectric strength of these resins, plus 
their resistance to moisture and chemi- 
cal attack. Because of its superior elec- 
trical properties, insulation of ALATHON 
can be thinner than other materials, 
making the cable lighter in weight and 
easier to handle. Use of ALATHON fre- 
quently permits smaller over-all cable 
diameters and smaller conduits, saving 
space and reducing installation costs. 


AUTOMOBILE CARPETING 
BACKED WITH ALATHON 


Each new model year finds more new 
automobiles equipped with luxury car- 
peting backed with Du Pont ALATHON. 
Carpeting so made can be preformed to 
fit transmission and drive shaft tun- 
nels and other bumps and humps in car 
floors. Preforming saves the expense 
and assembly line hold-ups of cutting 
and fitting. The backing of ALATHON 
gives long life at low production cost. 
ALATHON resists the effects of grease, 
water and acids. 





QUALITY PIPE MADE OF ALATHON 


ALATHON 25 polyethylene resins are 
made by Du Pont especially for flexible 
pipe. Pipe of ALATHON 25 resin is dur- 
able, noncorrosive and strong—meets 
the requirements of the National Sani- 


tation Foundation for potable water. 
The pipe has excellent low-temperature 
flexibility and has outstanding chemi- 
cal resistance, is easy to install, using 
only a knife and a screwdriver. 


MOISTURE-RESISTANT BAG 
FOR DU PONT DELRIN® 


Du Pont’s newest plastic—DELRIN ac- 
etal resin—travels in an equally new 
package. The moisture barrier of this 
multi-wall bag is a sheet of 0.6005 in. 
aluminum foil which is coated on its 
inner surface with three mils of 
ALATHON. The foil is laminated on the 
other side with one-half mil of ALATHON 
to a 40-lb. sheet of natural kraft. The 
remaining walls consist of three 50-lb, 
kraft sheets and one 60-lb. kraft sheet. 
Heat-sealing the open end takes place 
on a special two-inch lip where the 
layers of ALATHON can be brought to- 
gether without paper between. The 
bags were exposed to temperatures of 
100 degrees Fahrenheit and 90 per cent 
relative humidity. The amount of mois- 
ture that seeped into the bag was 80 
small it could scarcely be detected by 
laboratory analysis. 


PNEUMATIC TUBING OF 
ALATHON SAVES MONEY 


Pneumatic tubing of ALATHON is not 
only far less expensive than metal tub- 
ing but produces dramatic savings in 
installation costs. No flaring tools, 
wrenches or special tighteners are 
needed. Only a pocketknife is required 
to cut the tubing to proper length and 
finger tightening of fittings assures 4 
proper connection. In one recent docu- 
mented industrial installation, costs 
were reduced from $2.10 per foot for 
installed metal tubing to only 14%¢ per 
foot for tubing of ALATHON. Chemi- 
cally resistant, the tubing of Du Pont 
ALATHON has an effective temperature 
range of —90°F to 175°F. 
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CORROSION-FREE TOILET 
TANK BALL RETAINER 


This ball retainer and guide can be in- 
stalled without tools. Easily fitted to 
pipes of varying diameters, the new 
unit of ALATHON® will not corrode. It 
promises both long life and an end to 
“handle jiggling”. The retainer auto- 
matically centers the rubber-ball valve 
over the seat with perfect alignment. 





LIGHT WEIGHT, LOW COST 
DUST FILTER MASK 


Easily molded of ALATHON, this filter 
mask is produced specifically for the 
medical and industrial markets. De- 
signed to eliminate dust and odor par- 
ticles, the mask is light in weight. The 
chemically resistant body of ALATHON 
8 flexible enough to fit any face size. 
Replaceable filter is of spun nylon yarn. 
The mask’s cost is low enough to per- 
mit use as a disposable item. 








CLEANABLE, REUSABLE, 
SNAP-ON CLOSURE 


Reusable snap-on closure for canned 
juices, syrup, oils, etc., is affixed after 
the can has been opened with either a 
puncture-type or a rim-type opener. 
The closure has a non-drip pour spout 
and vent holes on the side of the spout 
and an air hole inside the lid to prevent 
surging of the contents. The entire unit 
of three parts (lid, cap on lid and inner 
liner) comes apart and reassembles 
easily for cleaning. ALATHON 37 was 
chosen for this application for its com- 
bination of moldability, freedom from 
warping, proper stiffness for snap-fit, 
andnon-brittleness under refrigeration. 





SHOE POLISH IN SQUEEZE 
BOTTLES 


Liquid shoe polish is now available in a 
unique bottle blow molded of ALATHON 
20 with a molded inner cap of ALATHON 
34. Cone-shaped to fit the hand, the dis- 
tinctive bottle has a fluffy wool ball that 
applies the polish to the shoe. Pushing 
the ball down into the bottle, by press- 
ing the ball against the shoe, uncovers 
an orifice in the inner cap. Pressure on 
the bottle forces the liquid polish out 
through “tunnels” in the cap and along 
the wire stem to the ball. ALATHON has 
excellent snapback qualities, resistance 
to environmental stress cracking and 
chemical resistance. 





CHEMICAL DRUM FAUCET RESISTS CRACKING 


This industrial drum faucet is espe- 
cially designed to overcome mechanical 
and chemical cracking. Mechanically, a 
lip on the head contacts a ridge on the 
body which prevents overtightening, a 
common cause of failure in previous 
faucets. A molded skirt at the base and 
the inherent flexibility of ALATHON al- 


achieved by opening the blade contacts 
within the chute. A de-ionizing gas, 
generated inside the chute from the re- 
sulting arc heat, quickly extinguishes 
the are (< 0.1 seconds). Superior per- 
formance of the load break is obtained 
through lower operating and mainte- 
nance costs, safer reliability and simple 
and convenient operation. DELRIN was 
the only material tested that could 
meet all of the property requirements 
necessary : high strength, stiffness and 
creep resistance for structural require- 


lows the faucet itself to be firmly 
tightened in any position on the drum. 
Chemically, crack resistance has been 
designed into this part through the 
specification of ALATHON PE-1413. The 
faucet can therefore safely handle 
such liquids as chemicals, detergents 
and waxes. 
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PUMP PARTS OF DELRIN 
CUT COSTS 


Pump manufacturers are noting cost 
savings—up to 90 percent per part— 
which result from design simplifica- 
tions made possible by mass-produced 
one-piece moldings of DELRIN, needing 
little or no finishing operations. One 
new line of gear pumps is almost en- 
tirely DELRIN. Compared with rotary 
pumps now made in brass and other 
metals, the new pumps of DELRIN have 
better efficiency, less heat build-up, im- 
proved bearing characteristics with 
no lubrication, quieter operation and 
longer life. The high volumetric effi- 
ciency of the gear mesh, resulting from 
the resiliency of DELRIN, combined 
with its low friction, helps reduce 
horsepower requirements as much as 
50 percent over comparable models in 
brass. The parts of DELRIN are solvent 
resistant and have extremely low mois- 
ture absorption. Unlubricated, except 
for the pumped liquid, gears of DELRIN 
have run together for 500 MM cycles 
with minimum wear. 


UNUSUAL BEARING OF 
DELRIN IN CLOTHES DRYER 


A molded ring of DELRIN now makes 
possible a novel dryer drum suspension 
system replacing the older and more 
conventional cantilever system. In the 


DELRIN REPLACES ZINC, 
SAVES 78% WEIGHT 


Weight reduction is a leading objective 
in compact-car design. DELRIN helps 
cut the weight—but not the perform- 
ance—of the instrument housing on a 
popular compact. Made of die-cast zinc, 
the housing would weigh nine pounds; 
in DELRIN, it weighs only two pounds, a 
reduction of about 78% . . . In addition 
to a lighte~ weight car, this means 
easier handling of parts on the assem- 
bly line. DELRIN provides the necessary 
strength and stiffness to support the 
entire instrument pack, even at the ele- 
vated temperatures developed when the 
instrument panel is exposed under a 
blazing sun. Its dimensional stability, 
despite extremes of humidity, is an- 
other important feature. And, because 
DELRIN readily accepts and holds self- 
tapping studs, there is no need to alter 
assembly techniques to install the hous- 
ing. The high fatigue strength and 
creep resistance of DELRIN keep screws 
tight under severe vibration tests. The 
housing is painted and baked at 250°F. 


new drum suspension system, the drum 
is supported by a self-aligning pow- 
dered-metal bearing at the rear of the 
drum and by a bearing ring of DELRIN 
at the front. The drum rotates at 47-50 
rpm and carries approximately a 30- 
pound load on each bearing. Film lubri- 
cation is provided by initial saturation 
of the ring of DELRIN, plus a felt-wick 
reservoir soaked with lubricant. This 
novel bearing system relying on DELRIN 
enabled the manufacturer to simplify 
manufacturing operations with a sub- 
stantial cost improvement. The key de- 
sign requirements were good frictional 
properties and dimensional stability, 
abrasion resistance, freedom from 
warpage and resistance to 200°F. heat. 
DELRIN filled the bill perfectly. 


CORROSION-PROOF 
SPINNING REEL BODY 


This closed-face spinning reel is guar- 
anteed by its manufacturer as “salt- 
water proof’. The covers, thumb stop, 
support frame, tension and ratchet con- 
trols are molded of DELRIN acetal resin. 
The result is a lightweight, durable 
reel built for rugged performance, with 
eye appealing design and easy to use, 
The reel requires almost no mainte- 
nance. DELRIN replaces aluminum die- 
castings in many parts of this reel. The 
support frame of DELRIN acts as a bear- 
ing for the handle shaft and requires 
no lubrication because of the natural 
lubricity of .DELRIN. The creep resist- 
ance of DELRIN permits the use of 
metal rivets for metal attachments. 


WATER-SHOCK ABSORBER 
MOLDED OF DELRIN 


A tough shell of corrosion resistant 
Du Pont DELRIN acetal resin is a fea- 
ture of this new residential water-ham- 
mer shock absorber. The shell of DELRIN 
with its high strength and molded-in 
threads assures a tight leakproof seal 
and long service life. According to the 
manufacturer, the shell of DELRIN has 
a long service life because it is highly 
resistant to damage from residential 
shock pressures, corrosion and creep at 
the temperatures encountered when 
mounted on a hot water line. 

























NOVEL ELECTRICAL CUTOUT 
DEVICE UTILIZES DELRIN 


A major breakthrough in electrical cut- 
out devices for outdoor service has been 
achieved by a major switchgear manu- 
facturer using DELRIN acetal resin for 
the arc chute. DELRIN makes possible a 
significant advance in this load break 
design. Load break operation is 


















































achieved by opening the blade contacts 
within the chute. A de-ionizing gas, 
generated inside the chute from the re- 
sulting arc heat, quickly extinguishes 
the are (< 0.1 seconds). Superior per- 
formance of the load break is obtained 
through lower operating and mainte- 
nance costs, safer reliability and simple 
and convenient operation. DELRIN was 
the only material tested that could 
meet all of the property requirements 
necessary : high strength, stiffness and 
creep resistance for structural require- 
ments; exceptional nontracking and 
non-carbonizing characteristics, essen- 
tial properties for successful repetitive 
are interruptions; high resistance to 
erosion and abrasion; outdoor durabil- 
ity; low temperature toughness; sur- 
face which resisted adhesion; and good 
electrical and insulating properties not 
affected by changes in environment. 
Unit has been tested for 200 load break 
operations at 200 amperes, 15 KV with 
a circuit power factor of 70 percent 
or higher. 
























































DELRIN REPLACES STEEL 
BALL BEARINGS 














Roller and wheel conveyors with steel 
ball bearings are relatively noisy. Re- 
placing the steel balls with ring bear- 
ings of DELRIN acetal resin virtually 























eliminates the noise. The bearings re- 
quire no lubrication in service and they 
will not corrode. In addition, weight 
savings of 50 to 65 percent have been 
realized in the bearings. Either steel or 
aluminum is used for the hub and 
races. Combined with aluminum or 
stainless steel, bearing rings of DELRIN 
permit conveyor applications where 
water-induced corrosion is a problem. 
It also permits sterilizing with hot 
water or steam. The resilience of 
DELRIN allows the ring bearing to be 
snapped over the retaining shoulder on 
the hub. The absence of “slip-stick” 
and the low unlubricated coefficient of 
friction make possible smooth and easy 
operation. Injection molding of the 
ring bearings to close tolerances as- 
sures uniform operation. 





NEW COLOR DIMENSIONS 
IN DOORKNOBS 


Builders’ hardware has taken on a bold 
new look of beauty and styling with 
colored doorknobs of DELRIN acetal 
resin. And the cost is half that of com- 
parable knobs in brass or aluminum. 
This field has seen the introduction of 
both ceramic and wood knobs in an ef- 
fort to obtain richness of color in lock- 
set trim; now, manufacturers are able 
to offer builders a combination of fea- 
tures never before available in one 
material — integral color, strength, 
stiffness, toughness without plasti- 
cizers, abrasion resistance, light weight, 
insulation qualities (less chance of 
shock from static electricity), warm- 
to-the-touch feeling and freedom from 
tarnishing, flaking and chipping. The 
doorknob design utilizes a snap fit of a 
cover plate into the knob body made 
possible by the resilience and low creep 
of DELRIN. Strong and creep resistant 
threads molded into the body permit 
screwing handle to metal shank. 


















































t This photo shows a new package that 

mirrors the fresh appeal of the cologne 
- t dispenses. The gay and vivid colors 
N ind molded-in design are made possible 
n by the use of Du Pont DELRIN. In addi- 
al tion to providing a more attractive 
e package, DELRIN offers a light-weight 
18 aerosol container with high-impact 
ly strength .. . thus a safer, more conve- 
al nlent package to use. The high tensile 
at strength of DELRIN easily enables it to 
en withstand the pressure of the propel- 





ant even at 130°F. The injection- 








AEROSOL BOTTLES MOLDED OF DELRIN 






molded colored halves are quickly and 
easily joined in a leakproof joint by 
spin welding. Intricate shapes and 
colors are not the extent of the de- 
sign latitude DELRIN offers the package 
designer. Textured and marbleized sur- 
faces and a variety of decorative effects 
are possible with DELRIN. Permeability- 
wise, DELRIN is comparable to the poly- 
ethylene family; low permeability for 
most ethyl alcohol based aerosol formu- 
lations, higher weight losses in water 
based formulations. 


































LUCITE «i... 





LENS OF LUCITE® 

IN MARINE LANTERN 
PROVIDES GREATER 
OPTICAL EFFICIENCY 


... lighter weight 


... Weather resistance 


Lens and lens components of LUcITE 
acrylic resins give this marine lantern 
approximately twice the optical effi- 
ciency of conventional glass lenses... 
and also permit a reduction in manv- 
facturing costs. The use of Lucite 
makes possible a substantial weight re- 
duction and assures excellent resist- 
ance to weathering. Costly finishing 
operations such as polishing are elimi- 
nated, because LUCITE can be precision 
molded. The lantern is available with 
red, green or clear cover lens of LUCITE. 
This is another example of the ways in 
which cost-conscious designers have 
put the unique properties of LUCITE 
acrylic resins to work. Knowing the 
facts about the properties and formu- 
lations of LUCITE can have a direct 
bearing on your profits as a fabricator 
or user of plastics. 





NEW CHEMICAL PUMP USES DU PONT 

















LUCITE acrylic resins 


for corrosion resistance ... 
transparency ... strength 


The interchangeable measuring chamber of this heavy- 
duty chemical solution feeder pump is molded of Du Pont 
LuCITE acrylic resin. Reasons for this choice of material? 
First, the optical properties of LuciTe provide a “see 
through” pumping head, permitting a visible check of 
diaphragm and valve action. Second, LuciTE resists the 
corrosive action of the various chemicals the pump ® 
designed to handle. Third, Lucire is strong and dimet- 
sionally stable. Finally, Lucire can be economically 
injection or compression molded to close tolerances. 
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BEAUTIFUL... 
DURABLE ... 
ECONOMICAL... 
because they’re 


made with 
Du Pont LUCITE 


acrylic resins 


This new, illuminated fountain dis- 
penser for Pepsi-Cola beautifully illus- 
trates several advantages of Du Pont 
LucITE acrylic resins: their brilliant 
clarity and transparency .. . excellent 
colorability . . . high strength and re- 
sistance to corrosion . . . ease and econ- 
omy of molding in attractive shapes. 

Wherever functional and decorative 
properties are important, one of the 
formulations of LUCITE may well prove 
an ideal choice for your product. 








This new street-light refractor, molded of a 
UV-resistant formulation of Lucite, is vir- 
tually shatterproof in lighting service. It re- 
sists thermal shock, is unaffected by corrosive 
atmospheres or blowing sand. BB’s and rocks 
bounce off. Weatherability is excellent. 


LY DEL winrein 


NEW POWER DRILL HOUSING OF ZYTEL® A basic design advance in power tools, 
this %” drill is made with a nonconduc- 
tive housing of DuPont ZYTEL nylon 
resin. Double-insulated, it protects the 
user against shock hazard. Other de. 
sign advantages include a weight sav- 
ing: the housing of ZYTEL is 20% 
lighter than a comparable housing of 
aluminum. It is self extinguishing. It 
stays comfortable to the touch in hot 
and cold weather and after prolonged 
use. It is rugged, durable and im- 
pact resistant. 

In addition, the use of ZYTEL affords 
substantial production advantages. The 
two halves of the drill housing, though 
complex in design, are quickly and 
easily molded. The excellent dimen- 
sional stability of ZYTEL assures a per- 
fect match of each half for screw 
inserts, assembly and flange matings. 
And the housing requires no machining 
operations whatever. 





This lockset looks better, lasts longer TOUGH, CORROSION-PROOF LOCKSET 


than the metal one it replaces—and it 
took a material with remarkable prop- 


erties to make it: a material that is 
exceptionally tough and abrasion re- 
sistant; a material with friction so low 
as to make lubrication unnecessary; a 
material that is rust and corrosion 
proof; a material that can be economi- 
cally molded to close tolerances, and 
one that requires little or no finishing. 

In short, it took Du Pont ZYTEL ny- 
lon resin. 

In this radical design innovation, al- 
most all working parts except the 
knobs are molded of tough Du Pont 
ZYTEL. Installation of the lockset is 
made foolproof; round and square 
sleeves mate with round and square 
posts. The entire set is held by two 
lead-through bolts that drive directly 
into tap holes in the chassis sleeves. 
And a self-aligning latch case lets the 
installer swivel the latch to the right 
or left of the central lock assembly to 
compensate for bevel-edged doors or 
for improper boring. In action, the 
bolts of ZYTEL were tested up to 1,500,- 
000 cycles—equivalent to more than 
100 years of normal household use— 
before showing any perceptible wear. 
And the lockset functions smoothly and 
quietly without lubrication. 





NAME 


Du Pont ZyYTEL nylon resin—here’s 
the first rifle ever to be made with 


: 
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simplified, money-saving designs. Typ- 
ical of such improvements is the new 
cellophane tape dispensing machine. 
Here, molded gears and shafts of ZYTEL 
replace more expensive machined steel 
parts. The intricate components of 
ZYTEL are easily molded to close toler- 
ances and possess high strength and 
excellent wear resistance. Because of 
the low coefficient of friction of ZYTEL, 
these new parts eliminate the need for 
bearings, giving smooth, lubrication- 
free operation while saving money. And 
the parts of ZYTEL are much lighter 
than those previously used. 


POSITION 





COMPANY 


54-BLADE TURBINE 
OF ZYTEL 


A difficult design problem in new de 
luxe vacuum-cleaner line involved the 
turbine brush sweeper accessory. The 
turbine brush combines the advantage 
of a power-driven brush, previously 
found only on uprights, with the power 
and flexibility of a tank-type cleaner. 
This brush is powered by a unique one- 
piece fan wheel made up of 54 curved 
blades, spaced to allow the intake of 
metallic objects such as paper clips, 
hairpins and the like. 

For satisfactory operation of this 
turbine wheel, an exceptional material 
was required—one with high strength 
in thin sections, resilience, and resist- 
ance to metallic impact. The material 
had to be intricately molded to close 
tolerances in an economical one-piece 
molding. In addition, lightness of 
weight, abrasion resistance, and good 
bearing properties were needed. The 
solution: a wheel molded of Du Pont 
ZYTEL nylon resin, which fulfilled all 
these requirements. The successful de- 
sign also permitted the over-all design 
of the sweeper unit with a low profile 
for maximum furniture clearance. 





STREET 





CITY 


ZONE STATE 





TYPE OF BUSINESS 





MAIL TO: E. I. du Pont de Nemours & Co. (Inc.), Dept. DMS 
Room 2420 Nemours Bidg., Wilmington 98, Delaware 
IN CANADA: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec 


PROPOSED APPLICATION 








The Du Pont Company assumes no obligation or liability for any 
advice furnished by it, or results obtained with respect to this 
product. All such advice is given and accepted at the buyer’s risk. 
Du Pont warrants that the material itself does not infringe the 
claims of any United States patent; but no license is implied nor 
is any further patent warranty made. 


DISTRICT OFFICES 


MASSACHUSETTS: 140 Federal Street, Boston 10 (HAncock 6-1711) 
ILLINOIS: 7250 N. Cicero Avenue, Lincolnwood, Chicago 46 

(INdependence 3-7250) 
MICHIGAN: 13000 W. Seven Mile Road, Detroit 35 (UNiversity 4-1963) 
NEW YORK: 350 Fifth Avenue, New York 1 (LOngacre 3-6400) 
PENNSYIVANIA: 1616 Walnut Street, Philadelphia 3 (Kingsley 6-4600) 
CALIFORNIA: 2930 E. 44th Street, Los Angeles 58 (LUdiow 2-6464) 
CANADA: Du Pont of Canada Limited, Box 660, Montreal, Quebec 
GENERAL EXPORT: Wilmington 98, Delaware 


POLYCHEMICALS DEPARTMENT 


E.I.du Pont de Nemours & Co. (Inc.), Wilmington 98, Del. 


BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 


Printed in U.S.A. 














PROPERTY DATA METHOD 


Specify 


GENERAL PROPERTIES 

















® melt index, gm/10 min 1.5,3.5,5.5 230°C 2160 g load 
density, 73°F, g/cc 0.905 ASTM D1505-57T 
environmental stress cracking 
4 O n (100% Igepal CD-603) none Bell Labs 
burning rate slow ASTM D635 
C mold shrinkage, in/in 0.015 
water absorption, % <0.01 ASTM D570-57T 
MECHANICAL PROPERTIES 
P() |Y » RQ PY LF N F yield strength, psi, 2”/min 4900 ASTM D638-58T 
yield elongation, %, 2”/min 15 ASTM D638-58T 
impact strength, ft Ib/in 
tzod notched 1-0 ASTM D256-54T 
for a a a nce 1zod unnotched 30.0 ASTM D256-54T 
' hardness 
Rockwell R 90 ASTM D785-51 
. . Shore D 75 ASTM D676-55 
elastic modulus, psi, 2”/min 160,000 ASTM D638-58T 
C0 at b | nN at | 0 n compressive yield stress, psi, 0.05”/min 6,000 ASTM D695-54 
compressive strain @ yield, %,0.05”"/min 15 ASTM D695-54 






stiffness in flexure, psi 
Taber abrasion, mg loss/1000 cycles 
(CS-17 wheel, 1000 g load) 


140,000 ASTM D747-58T 


of properties 


THERMAL PROPERTIES 



















melting point, °F 335 polarizing microscope 
Vicat softening point (1 kg), °F 280 ASTM 1525-58T 
deflection temperature 

°F @ 264 psi fiber stress 140 ASTM D648-56 

*F @ 66 psi fiber stress 220 ASTM D648-56 
coefficient of thermal conductivity 

cal/cm/cm2/sec/°C 2.80x10-4 

BTU/in/ft2/sec/°F 1.13 
coefficient of linear thermal 

expansion in/in/°F 4x10-5 ASTM 696-44 
specific heat @ 73°F, cal/g 0.46 














ELECTRICAL PROPERTIES 





volume resistivity, ohm-cm 
dielectric strength, volts/mil 


6.5x10!6 ASTM D257-54T 


short-time, 1/8” thickness 660 ASTM D149-55T 
step-by-step, 1/8” thickness 650 ASTM D149-55T 
dielectric constant, 106 cycles 2.0 ASTM D150-54T 
dissipation (power) factor, 106 cycles 0.0001 ASTM D150-54T 
arc resistance, seconds 8 ASTM D495-56T 
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NEW ORLEANS 


SALES OFFICES 
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ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


“DIALL” 

Dially! Ortho-Phthalate 

50-01 Orion Filler in this compound 
provides shock resistance and excellent elec- 
trical stability at high temperatures with 
100% humidity. MIL-M-14F Type SDI-5. 


50-51 Dacron fiber filler increases tough- 
ness to three times that of 50-01 compound 
and further improves moisture resistance... 
for rough usage. MIL-M-14F Type SDI-30. 


50-52 All the advantages of 50-51 plus 
increased FLAME RESISTANCE ... the shock 
resistance of Dacron filled compounds is 
exceptional. MIL-M-14F Type SDI-30. 

51-01 An Asbestos-filled compound combin- 
ing economy with very good dimensional 
stability and resistance to heat and mois- 
ture. MIL-M-14F Type MDG. 

775 Mineral-filled molding compound for 
general-purpose use and economy, with 
Nylon fibers added to provide increased 
impact strength. MIL-M-14F Type MDG. 
52-01 A short glass fiber-filled compound 
providing the physical and electrical advan- 
tages of the glass filler in a granular form 
that can be molded in automatic presses. 
MIL-M-14F Type SDG. 

52-70-70 Comparable to 50-01, plus 
increased FLAME RESISTANCE. 

52-20-30 Excellent electrical characteristics 
are provided in this high impact material 
which incorporates a long glass fiber filler. 
MIL-M-19833 Type GDI-30. 

52-40-40 Long glass fiber filler-type mold- 
ing compound with increased FLAME 
RESISTANCE. 


28 A puttylike long glass fiber-filled com- 


pound which can be molded at relatively low 
pressures, producing void-free parts, even in 
heavy sections. MIL-M-19833 Type GDI-30. 


Dially! Meta-Phthalate 

FS-4 High impact resistance and fine elec- 
trical properties of the long glass fiber filler 
in this compound are enhanced by use of 
dially! meta-phthalate resin base which 
increases heat resistance. MIL-M-19833 
Type GDI-30. 


FS-80 Long glass fiber filler and higher heat 
resistant resin base in a compound affording 
FLAME RESISTANCE. MIL-M-19833 Type 
GDI-30F. 


FS-5 A glass-filled compound in granular 
form ...can be molded in automatic presses 
to make strong, heat-resistant parts. MIL-M- 
14F Type SDG. 


FS-10 FLAME RESISTANCE and heat resist- 
ance are major advantages of this glass-filled 
granular compound, MIL-M-14F Type SDG. 


FS-6 Asbestos-filled, general-purpose 
compound with high arc resistance and high 
heat resistance. MIL-M-14F Type MDG. 


FS-60 General-purpose Asbestos-filled mold- 
ing compound with high heat resistance plus 
FLAME RESISTANCE. 


“EPI-ALL” 

Conventional Molding Grade 

Epoxy Compounds 

1038 A Dacron and glass-filled epoxy mold- 
ing compound with toughness, good molda- 
bility and heat resistance. 


1150 General-purpose epoxy molding 
compound... granular, with mineral and 
glass filler. 


1288 High impact glass fiber-filled epoxy 
molding compound provides low weight loss 
at temperatures as high as 500°F. 

1459 A jet-black, semi-soft epoxy molding 
compound with mineral and glass filler for 
general-purpose applications. 


Encapsulation Grade Epoxy 

Molding Compounds 

1585 Pressures as low as 50 psi can be 
used to mold this epoxy compound around 
delicate inserts for encapsulation of compo- 
nents with fine wires, etc. 

1606 Can be molded as precisely as 1585 
...and improved FLAME RESISTANCE is 
incorporated in this compound. 


“POLY-ALL” 

Alkyd Molding Compounds 

880 Long glass fiber filler provides high 
impact resistance in an economy compound 
with good dimensional and electrical 
stability. 

1408 A mineral and glass-filled putty com- 
pound with good physical and electrical 
properties and a fast cure rate. 


NEW AND UNIQUE DEVELOPMENTS 
“Diall” 1610 An ELECTRICALLY CONDUC- 
TIVE plastic with a resistance of .4 
ohms/cm. The flush molded printed circuit 
board is one of many areas of application. 
BF-80 A MAGNETIC PLASTIC which can be 
magnetized either wholly or in specifically 
desired areas of the molded piece... can be 
used wherever magnetic properties are 
required. 

For further details concerning any of the 
above molding compounds please write 
direct: 





MESAe 


MESA PLASTICS COMPANY Western Piant: 12270 Nebraska Ave., Los Angeles 25, Calif. BR 2-4471 * Eastern Plant: 100 Lambert Ave., Copiague. Long Island, New Yor) TU 4.4055 
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plasticizers, 


stabilizers 
New Series PVC Resins 
and found BEST by TEST for 
alt dry blending & extrusion 
specially Send for information 


chemicals 
manufactured th we 


by.......... 2 J. P. FRANK 
CHEMICAL & PLASTIC 
CORPORATION 


yf 





.. DWEPENDS 
ON 
WHAT 


let Alpha Laboratory facili- SES 
ties go to work for you today. = 


They are at your beck and 

tall to match, develop and 

lest vinyl and polyethylene 

—" compounds and 

molding powders. On time 

datamation deliveries assure ALPHA PLASTIC QUALITY and CONFORMITY 
you of working inventories 


when needed. CONTROLS GUARANTEE SUPERIOR COMPOUNDS 
CHOOSE ALPHA SERVICES FOR: FOR MOLDING and EXTRUSION. PUTS YOU OUT 


Wain PYC — Crystal Clear, non-toxic, nontarish g0l4, FRONT WITH BETTER PRODUCTS AT LOWEST PRICES. 


Reprocessed PVC — A broad range to meet your particular 
requirements. 


Reprocessed Polyethylene — Chemical g lostics Cc y) 
Niso Custom Compounding and Reprocessing, Straining, 


Pelletizing and Coloring under strict laboratory control. 
11 JABEZ STREET, NEWARK 5, N. J. @ TEL. MArket 4-4444 
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“k 
KYNAR vinylidene fluoride resin 


corrosion resistant 


Resists attack by— 

« Wet and dry halogens « Solvents « Hydrocarbons 
« Acids « Alkalis + Wide-ranging temperatures + 
Oxidizing agents « Extreme weather conditions + 
Ultra-violet and gamma radiation. 


strong and tough 


Provides excellent resistance to stress and wear— 
*Izod impact, unnotched, at 77°F . . . 30 ft-lb/in 
* Tensile strength: 77°F-7000 psi; 212°F-5000 psi 
* Modulus of elasticity in flexure at 77°F. ..2.0x10* psi 
¢ Abrasion resistance, Tabor CS-17, 4 Kg load... 
17.6 mg/1000 cycles 
*Durometer hardness, Shore D scale... 80. 
*Creep . . . 0.07 in/in at 3000 psi and 77°F. 


easy to form 


The most formable of fluorine-containing plastics. 
Readily formed on standard equipment by all usual 
methods including: Injection molding * Compres- 
sion molding « Transfer molding *« Blow molding * 
Extrusion * Vacuum forming « Solution casting + Dis- 
persion coating * Machining « Welding and sealing. 


KYNAR is an extremely stable, high molecular weight polymer 
containing over 59% fluorine by weight. It provides a 
combination of properties unequalled by any other plastic of 
its type. Write for further information, evaluation samples 
or technical aid. Research Products Development Dept., 
PENNSALT CHEMICALS CORPORATION, P.O. Box 4388, 


Philadelphia 18, Pa. Pennsalt 
Chemicals 


*KYNAR is a trademark of Pennsalit Chemicals Corp. ESTABLISHED 185 
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VIBRIN’ 


With the aid of patented Naugatuck promoters, 
these unsaturated liquid polyester resins are 
rapidly converted to solids with little or no heat 
or pressure other than the exothermic heat cre- 
ated by their chemical reaction. Being 100 
percent reactive, they evolve no gas or liquid 
during this cure. 

Vibrin resins are used primarily with glass or 
other fibers in the form of cloth or mat to pro- 
duce the thermosetting reinforced plastic prod- 
ucts which are extremely strong and impact 


resistant. Naugatuck is a major supplier of 
polyester resins for hand lay-up, matched metal 
die, pressure bag, and spray molding of large 
parts. In the booming boat-building field, 
Naugatuck is the leading resin supplier. 

In addition to a wide range of resins for every 
type of molding, Naugatuck Chemical also 
offers Vibrin VPA parting agent for easy mold 
release and several types of shell coatings to 
give a smooth, nonporous, pigmented outer 
surface to Vibrin moldings. 


The advantages of using Vibrin for craft have been proven through years of out- 
door use. Vibrin offers a combination of strength, light weight, and durability for 
an infinite variety of applications. 





stinctive Properties: 


ibrin, reinforced with glass fibers, 
has these properties: 


Stronger per pound than steel 


Economical for large prototype production 
in small or moderate quantities 


Nondenting; impact resistant 
Chemical and weather resistant 


Can be pigmented or painted over 





Vibrin otting of electrical equipment of all kinds pro- 
vides tstanding resistance to chemical attack, elec- 
trical eakdown, unexcelled physical protection. 








VIBRIN® [oly 


Major Uses: 


DESCRIPTION 


SPECIAL 
FEATURES 


RECOMMENDED 
USES 


Molded bins, tanks, trays 


Boat hulls and deck units 


Auto and truck bodies 


Sectional swimming pools 


Translucent windows and skylights 


Chemically inert pipe 


Furniture 


Corrugated panelling 


ir 
vom 


General 
Purpose 


Clear, light, liquid 
polyester resins 
with moderate 
exothermic 
properties. 

*Low viscosity 
tHigh viscosity 


Low exotherm. 
Good trans- 
lucency with 
glass fibers. 

Air cure. 

Light color. 
Approved under 
MIL-R-7575A, 
Types |, ll 

and Ill. 


General 
fabrication using 
hand lay-up, 
vacuum and 
pressure bag 

or matched die 
molding methods. 








Flexible 


Clear, liquid, 
slightly amber 
polyester 
resin. 


Cures to a flexible 
thermoset solid and 
will increase the 
toughness of rigid 
VIBRINS. 


Combination with 
rigid VIBRINS 

to increase 
toughness and 
flexibility and for 
producing flexible 
thermoset laminates 
or castings. 


Machine housings 


Fishing rods 


Cements and putties 


Potting 


Complete freedom of hull design, exceptional resist- 


ance to damage of any kind, together with ease, speed 


and economy of production have made Vibrin the 
boating industry's most popular resin. 


ag woe ¥ 
ie . a 
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Flexible or 

Rigid Patching 
Compound Resins 
Promoted polyester 
resin. 


Flexible or rigid, 
fast gel, one-tube 
patching system. 
Good storage life 
and good drying 
and filing prop- 
erties. For liquid 
and paste catalyst 
systems. 


For compounding 
patching putty for 
automotive repair, 
industrial, marine 








and household uses. 





High-Heat 
Resistant 


Clear, liquid triallyl 
cyanurate polyester 
resin. 


High strength 
retention at 

500° F. Short-term 
exposure at higher 
temperatures. VIBRIN 
135 and VIBRIN 136A 
approved under 
Military Spec. MIL-R- 
25042. VIBRIN 136A 
provides craze 
resistance and 
improved strength 

at 500° F. and over. 


Aircraft, missiles, 
jets, radomes, heat- 
resistant parts. High 
temperature 
electrical parts. 
Potting. 





Flame Resistant 


Clear, liquid poly- 
ester resin. 


Self extinguishing, 
air curing. Good 
molding and lamin- 
ating properties. 
Superior electrical 
properties. 


General fabrication 
using hand lay-up, 
vacuum and pres- 
sure bag or matched 
die molding 
methods where 
flame resistance 
properties are 
required. Electrical 
sheet. 





Resilient 


Clear, liquid 


polyester resin 
providing high 
resilience. 


Elongates 5%.Has 
outstanding 
toughness and 
impact strength. 


Impact 


produc! 
bag, vo 
or hand 


moldin 
patchir 


sistant 
Pressure 
um bag 
ay-up 
ind 
putties. 
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VIBRIN 152-LS-4| 


Light Stabilized 


Medium viscosity 
liquid polyester resin 
stabilized to prevent 
light discoloration. 


Shows minimum 
surface erosion and 
change in color from 
sunlight and weather, 
exposure. 


Flat or corrugated 


panels for colorful 
outdoor nd 
orchite al 


Purpose 





Preform and Premix 
Molding Resin 


Clear, 
medium viscosity 
polyester resin 


Rapid molding 
cycles. 

High surface gloss 
and smoothness. 
Excellent modulus 
retention at 

high temperatures. 
Excellent 
electrical 
properties. 


Fast cycle preform 
and premix molding, 
such as outdoor 
furniture, decorative 
panels, trays and 
tanks and high 
temperature 
electrical 

grade sheet. 








VIBRIN 158A — 


Spray Applied 
Hand Lay-up 


Thixotropic, twin- 
nozzle spray gun 
resin 

Low specific 
gravity. 


Low exotherm, 
low shrinkage, 
7-10% lighter 
weight. 

No sagging, 
fast wetting. 


Room or elevated 
temperature 
cured parts, such 
as boats, pools, 
truck and 

auto parts, 

tanks, etc. 


sia 
| vanRIN toot 


Hand Lay-up 
Boat Resin 


Medium viscosity, 
clear amber, 
promoted 
polyester resin. 
Low specific 
gravity. 


* Low exotherm 
for thicker 
sections. 

tHigher 
exotherm for 
fastest curing 
cycle. 

7-10% lighter 
weight. Ready 

to use with 
catalyst addition. 
Applies to both 
resins. 


Hand lay-up, room- 


temperature cure 
application, such 
as boats, pools, 
tanks 








Rigid, 
Heat Resistant 


Promoted thixo- 
tropic polyester 
resin. 


Resistant to 
distortion and 
degradation 

at high tempera- 
tures. Superior 
chemical resistance. 
Good translucency 
with glass fibers. 
Excellent laminate 
mechanical 
properties. 


Making hand lay-up 
molds. Laminating 
for chemical 
resistant parts 

and repairs. 





MOLD 
SHELL COATINGS 


Surfacing Resins 
for Molds 


Natural or black 
pigmented resins. 


Heat resistant, 
high impact, high 
gloss, excellent 
durability. 


Surfacing resin 
layer for manufac- 
ture of hand lay-up 
molds where long 
service life is 


desired. 





Surfacing Resins 


Natural or white 
pigmented resins. 
Colored shell coats 
made to order. 


Impact resistant. 
Excellent aging. 
Prevent fiber show- 
through. 

Do not crack or 
craze on aging. 


Surfacing resin layer 
for molded products 





KRALASTIC* 


KRALASTIC molding, extruding and calen- 
dering compounds are the original ABS ther- 
moplastic resins. The result is an almost 
indestructible end product of exceptional 
strength, dimensional stability, toughness, 
impact resistance, combined with ease of 
processing. 


New easy processing KRALASTIC molding 


compounds are receiving enthusiastic accept- 
ance in the automotive, appliance and commu- 
nications fields. 


Extruded as plastic pipe, Kralastic has proved 
phenomenally successful and durable in trans- 
porting potable water, chemicals and natural 
gas. 


Molders and users everywhere are offered a 
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combination of truly exceptional properties, 
a combination of economy, toughness, resist- 
ance to heat, staining and abrasion that makes 


KRALASTICS superior to many metals. 


Easy processing 
High gloss with excellent color range 
Extreme toughness combined with hardness 


Dimensionally stable over a wide 
temperature range 

Lightweight: 1/2 weight of aluminum, 
1/7 weight of iron 

Noncorrosive, nonelectrolytic 

Readily sawed, drilled, and threaded 
Quickly solvent welded 








Najor Uses: 


Pipe and fittings 
Automotive parts 
Refrigeration 
Luggage 

Shoe heels 
Appliances 
Communications 
Profile extrusions 


Extruded and 
calendered sheet 





Kralastic, the original ABS 
Resin, is satisfactorily per- 
forming in over 16,000 
miles of pipe for gas, po- 
table water or electrical 
condu 





KRALASTIC’ ABS Resins 


PHYSICAL 
ific Gravity (Natural Color)* 
imp Strength ( ov Sample) 
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Compressive Strength 
Cc ve Modulus 
Flexural Stren 
Flexural Modulus 
Tensile 

Shear Stren psi 
Hardness, Rockwell R scale 
Thermal Coefficient of Expansion in./in./ °F. 
Thermal Conductivity B.T.U./hr./ft.2 per °F./in. 
Cal/sec./em2/°C./cem 





Specific Heat B.T.U./Ib./°F. 
Deflection Temperature, 264 psi  : 
Water Absorption, 24 hrs. % Gained 
Compression Ratio (Bulk Factor) 
Injection Molding 

Cylinder Temperature 

Mold Shrinkage (Average) in on 
Extrusion Stock Temperature 
Calendering Temperature oF 
Coefficient of Friction 

Against Itself 

Against Steel 








ELECTRICAL 


Dielectric Strength Short Time 4” Volts/Mil D149-55T 

Volume Resistivity (35% Relative Humidity at 73°F.) Ohm/Cm D257-58T 

Dielectric Constant D150-54T 
60 CPS ” 


1000 CPS 

10+ CPS 

3000 x 10¢ CPS 
Dissipation Factor 

60 CPS 


1000 CPS 

10+ CPS 

3000 x 10+ CPS 
Facto 


3000 x 10¢ CPS 


CHEMICAL tt 


Water 

Hydrochloric Acid 10% 
Hydrochloric Acid 38% 
Sulfuric Acid 10% 
Sulfuric Acid 45% 
Phosphoric Acid 85% 
Nitric Acid 10% 
Sodium Hydroxide 10% 
Sodium Hydroxide 50% 
Ammonium Hydroxide 28% 
Sedium Carbonate 10% 
Ferric Sulfate 10% 
Gasoline 











Actual practice has shown that, in addition to the excellent resistance of mag to acids and 
alkalies, it is relatively unaffected when exposed to such materials as soluti 

Chloride, Copper Sulfate, Sodium Chloride, Sodium Bisulfite, Ferric Chloride, Food Acids, Chlorine 
(wet or dry), Castor Oil, Bleach Solution, Oleic Acid, Hydrogen Peroxide (3% Max.). 








Injection Molding 
KRALASTIC MH 


KRALASTIC K-2938 


Pipe Extrusion 


IC W-1601 
IC HTHT 
ic B 


Sheet Extrusion 


KRALASTIC K-2516 
KRALASTIC SS 
KRALASTIC MV 

















Calendered Sheet 


KRALASTIC K-2516 
KRALASTIC K-2540 


Profile Extrusion 


KRALASTIC MV 
KRALASTIC MH 


High Temperature Specialty 
Compound 
KRALASTIC K-2938 


tt Total Immersion Test—% Change 
in Weight (7 Days Immersion) 
ASTM Test Method—D543-56T. 
*Specific gravity of colors will vary with the 
pigmentorion used. 


+Deflection Temperature of 225°F. is obtained 
by conditioning for 2 hours at 220°F. 





MARVINOL |! LI) 


Polyvinyl chloride resins and their host of 
varied uses are well known to the industry. As 
a major supplier of vinyl resins, Naugatuck is 
constantly developing additional Marvinol”* 
resins of high, medium and low molecular 
weights, with specific processing and end- 
product qualities. 

The 14 Marvinol resins constitute the most ex- 
tensive line of straight PVC resins available 
for calendering, etc. from any one manufac- 
turer. Many of these are electrical grade extru- 


L's Widest Line of Resin 


sion resins with Underwriters Laboratories, 
Inc. approval. Marvinol hot, dry blend and 
cold premix resins are widely used in electrical 


extrusion and calendering applications. 


Particularly outstanding in the Marvinol line 
are the Plastisols, noted for their toughness, 
smoothness and uniformity, resistance to tear- 
ing, flex-cracking, and puncture. Naugatuck 
has taken the lead in developing exceptional 
rheological characteristics in these resins. 
































Marvinol vinyls may be 
compounded to yield products 
having these properties: 


® Extreme versatility—from 
4 transparent, clear, flexible film to 
opaque, hard, nonplasticized rigids 
® Light weight 
® Strength and toughness 
® Inert to most chemicals al 
: ® Excellent electrical properties 
® Weather and abrasion resistance 
® Flame resistance —-—* 





Upholstery fabrics 
* Garden hose 

® Foamed and blown vinyl sponge 
® Drapes and shower curtains 

® Doll bodies and toys 


* 


Wire insulation 
® Luggage and handbags 


& 


Pipe and tubing 


* 


Floor tile, coated flooring 


o 


Laminates 





Phonograph Records 


MARVINOL Vinyl’s Widest Line of Resins 


MARVINOL VR-33 


MARVINOL VR-55 





SPECIAL FEATURES 


High molecular weight resin for modifying plastisol formulations. Imparts dryness of hand (dull- 
ness), maintains high physical properties, produces lower Brookfield viscosities, promotes good 
air release in slush and rotational molding plastisol compounds. Used in blown film formulations 
for high physicals and speeds. 


High molecular weight straight PVC resin for imparting special qualities of dry hand (dullness) 
coupled with excellent physical properties. Demonstrates fast milling and Banbury mix character- 
istics together with high premix densities in plasticized formulations. Has outstanding high-speed 
extrusion properties permitting close dimensional tolerances. 


Medium-high molecular weight with high bulk density for large Banbury charges. Excellent mixing 
cycles for hot, dry blend extrusion. Possesses excellent electrical properties and is approved by 
Underwriters’ Laboratories, Inc. for electrical applications. Inherent heat stability. 


Medium molecular weight with high bulk density for large Banbury loadings. Fast extrusion 
rates at low power consumption for dry blends or compounds. Superior electrical properties 
approved by Underwriters’ Laboratories, Inc. for electrical applications. Excellent heat stability. 
Suitable for injection molding compounds with good dimensional stability and clarity. 


Medium-low molecular weight straight PVC. Very high bulk density, valuable processing char- 
acteristics in semi-rigid calender formulati With higher molecular weight resins acts as a 
processing aid, Useful in rigid and semi-rigid jacket wire extrusion compounds; homogeneous 
floor tile; blending resin for plastisols. 





Low molecular weight straight PVC. Ideally suited for use as an additive in vinyl-asbestos 
flooring formulations; injection molding of compounds for flexible and unmodified rigid PVC 
applications as well as homogeneous floor tile. 


Lowest molecular weight straight PVC resin commercially available. Wide application with viny! 


acetate copolymers in asbestos flooring and phonograph records. Very low processing tempera- 
tures and excellent heat stability. 


Medium-high molecular weight. Gives cold, dry premixes. Leaves mixers clean and minimizes 
clean-out problems. Excellent for the calendering of film, sheeting, and coated fabrics. 


Medium molecular weight, cold, dry premixing resin. Leaves mixers clean and minimizes clean- 
out problems. Excellent for calendered inflatable film, for sheeting, and for coated fabrics. 
Excellent heat-sealing properties. Produces outstanding injection-molding compounds. 


Readily stirred into plasticizers to form low viscosity plastisol at both high and low shear rates 
Excellent for spread coating on fabric and paper, organosols and modified plastisols, sprayed 
coatings, dipping, and chemically blown plastisol foam. 


Readily stirred into plasticizers to form plastisols characterized by low Brookfield viscosity and 
outstanding air release properties. Excellent for slush molding, rotational casting, and chemi- 
cally blown plastisol foam. 


Readily stirred into plasticizers to form plastisols similar in properties to MARVINOL VR-5 
Particularly suited to those processing conditions requiring reduced gelation time or low ge 
tion temperature. Excellent for slush molding, rotational molding and dipping. Outstanding 
the production of chemically blown (Celogen and Celogen AZ) foam. 


Copolymer plastisol resin. Well suited as a blending resin where high viscosity and high y' 
value are required to prevent strike-through. Lower fusion temperatures and high plastic’ 
level compatibility are additional properties associated with VR-55. 


Low molecular-weight vinyl acetate copolymer exhibiting excellent flow and exceptional | 
stability. High density for large Banbury charges and faster fluxing. Short preheating time ! 


optimum biscuit flow in record molding. High fidelity reproduction and very low backgrou 
noise level. 
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DESCRIPTION 


Modifying resin for 
plastisol compounding. 


Specialty calendering 
and rigid compounding 


resin. 


Electrical grade, hot, 
dry blend resin for 
extrusion. 


Electrical grade, easy 
processing, hot, dry 
blend resin for extrusion 
and calendering. 


Easy processing, 
calendering and 
extrusion resin. 


Low molecular weight 
processing-aid resin. 


Very low molecular 
weight processing-aid 
resin. 


Cold, dry premix resin 
for calendered film, 
sheeting, and coated 
fabrics. 


Cold, dry premix resin 
for calendered film, 
sheeting, and coated 
fabrics. 


General purpose plastisol 
resin. Outstanding for 
high shear coating & 
organosol applications. 


Special purpose 
plastisol resin for low 
shear applications. 


Special purpose 
plastisol resin for low 
shear applications & 
plastisol foam. 


~ 


w gelation and 
sion, high viscosity. 


a 


a 


»polymer resin for 
onograph records 
od rigid 

© >plications. 
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0.52 


0.52 


0.44 


0.38 


0.30 


0.20 


0.44 


0.37 


0.50 


0.40 


0.42 
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29 


30 


34 


38 


38 


21 
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15 


35 
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25 


29 


1.7 


1.7 
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25 


40 


51 


62 


70 


31 


22 


25 


25 








1.40 


1.40 


1.40 


1.40 


1.40 


| 1.40 


1.40 


1.40 


1.35 





0.63 


0.95 


0.90 


0.90 


0.61 


0.53 


0.50 


1.65 


0.60 











1.3% 


3.0% 





82 


82 


79 


75 


73 


80 


78 





2900 | 340 | 1475 
2900 | 340 | 1475 
2800} 340 | 1500 
2600 | 320 | 1450 
2200 | 270 | 1300 
1400 | 250 | 1200 
1200 | 230 | 1050 
2800 | 360 | 1425 
2800 | 350 | 1450 











See Test Recipe Data 


See Test Recipe Data 


See Test Recipe Data 


480 


420 


370 


280 


200 


460 


410 








MARVINOL VR-50 
Test Recipe 

VR-50 100 

DOP 60 


‘160 


Severs Viscosity 
(2 hrs.) @ 100 PSI 
120 poises 
Brookfield Viscosity 
(24 hrs.) *5 spindle, 
5 RPM, 25,000 cps. 
Gelation Temperaturet 
175°F 
tin Resin 100/70 DOP 


MARVINOL VR-51 


Test Recipe 

VR-51 100 

DOP 70 
170 


Brookfield Viscosity 

(24 hrs.) *4 spindle, 

2 RPM, 15,000 cps. 
Huff Air Release, 50 secs. 
Gelation Temperature 

190° F 


MARVINOL VR-53 


Test Recipe 
VR-51 100 
DOP 70 


170 


Brookfield Viscosity 

(24 hrs.) *4 spindle, 

2 RPM, 15,000 cps. 
Huff Air Release, 50 secs. 
Gelation Temperature 

160°F 


MARVINOL 
Rigid Compounds 


Type | (normal impact) 
and Type Il (high impact) 

both NSF approved. 
Recommended for 

extrusion and injection 
molding; special com- 

pounds available for 

profile extrusion. 


MARVINOL 

Electrical Compounds 
Black, white, grey and 
NEMA colors available. 


MARVINOL Flexible 
Extrusion and Injection 
Molding Compounds 
Full color range 

and clears available. 







IARVIBOND’ 


The Marvibond process, developed and pat- 
ented by Naugatuck Chemical is a technique 
for laminating a specially formulated semi- 
rigid Marvinol viny] film or sheeting to almost 
any kind of sheet metal on a continuous basis. 
The vinyl provides a permanent, durable and 
rich-looking finish while the metal supplies 
structural strength. 

Marvibond laminates can be embossed, 
sheared, drawn, drilled or crimped using 
standard metalworking equipment. The items 
shown below only begin to suggest the product 
possibilities. Marvibond laminates are avail- 
able from a number of laminators. Write us for 
the current list of Marvibond licensees. 


Marvibond offers the architect, industrial designer and 
appliance manufacturer a host of exciting opportunities as 
the applications illustrated here indicate. 

















OTHER 
PRODUCTS 
for 


| PLASTICS 






























Celogen and Celogen-AZ are blowing agents 
for polyethylene, polyvinyl! chloride, (in appli- 
cations such as the coat at the right) epoxies 
and other plastics. They are unsurpassed for 
imparting lightness, buoyancy, resilience, hand 
and drape, thermal insulation, and improved 
electrical properties to countless products. 


PIRATE ILI 


‘ 


Celogen and Celogen-AZ are themselves odor- 
less—give no odor to products in which they are 
used. They have excellent storage stability and 
may be used in white and light colored stocks. 


Celogen-AZ disperses readily and thoroughly 
when mixed into natural and synthetic products 
by conventional means. It may be added care- 
fully (do not exceed decomposition temp.) 
during Banbury mixing. Both Celogen and 
Celogen-AZ are speedily incorporated 
into plastisols. 





tease an excellent heat stabilizer for 
high-impact polystyrene and other rubber 
reinforced plastics. 






+ tee an aromatic diamine curing agent 
for epoxy resins. Imparts high heat distortion, 
excellent chemical resistance, and good elec- 
trical properties at low cost. 


NAUGATUCK Esper aha lalaaaeae 


TECHNICAL application of all Naugatuck resins 


is available from any of the District 
Sales Offices listed below. If your 
SERVICE problem is complex, it will be referred 






A 


United States Rubber 
- Naugatuck Chemical Division, naucatuck, connecticut 


Rubber Chemicals * Synthetic Rubber + Plastics + Agricultural Chemicals + Reclaimed Rubber « Latices 
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Over 30 years’ service to the Plastic and Rubber Industry . . . there’s an office near you! 


AKRON 9, OHIO CHICAGO 45, ILLINOIS HANOVER, GERMANY PARIS 2eme, FRANCE 

790 E. Tallmadge Ave. 2947-51 W. Touhy Ave. Bodekerstrasse No. 22 Rubber & Plastics, S.A. 
HEmlock 4-4124 Rogers Park 1-5615 Telephone: 13952 78 Rue de Richelieu 

NEW YORK 22, NEW YORK EAST ST. LOUIS, ILLINOIS 2 comane Telephone: Richelieu 78-93/94 
460 Park Avenue 14th and Converse Streets LONDON E.C. 3, 

Murray Hill 8-4774 UPton 5-2800 Ibex House, Minories BRUSSELS, BELGIUM 


Telephone: Royal 4989 Rubber & Plastics, S.A. 
BOSTON 16, MASSACHUSETTS LOS ANGELES 17, CALIFORNIA Galerie Louise 43 B 
Statler Building Texaco wry ORANGE, TEXAS Telephone: Brussels 11-02-76 
Liberty 2-2717 3350 Wilshire Boulevard P. O. Box 1209 
DUnkirk 5-3018 TUxedo 3-4338 KOLN-LINDENTHAL, GERMANY 
Helmbacherstrasse 13 
Telephone: 41-44-41 


THE REXALL PRODUCT LINE 


HIGH IMPACT POLYSTYRENES 


HIGH DENSITY POLYETHYLENES 


For specific resin data please write or call 
REGIONAL SALES OFFICES 


Eastern Region Midwest Region Pacific Region 

Mr, William J. Monahan Mr. E. Dean Boldt Mr. Fred W. Troester 
Regional Sales Manager Regional Sales Manager Regional Sales Manager 
Rexall Chemical Company Rexall Chemical Company Rexall Chemical Company 
P.O. Box 37 6819 W. North Avenue 8480 Beverly Boulevard 
Paramus, New Jersey Oak Park, Illinois Los Angeles 54, California 
COlfax 2-6500 Village 8-9525 OLive 3-1300 





POLYMERS 
CHOSEN TO SERVE 
YOUR PROCESSING 

AND END-USE 


REQUIREMENTS 














MOLDING 
COMPOUND 


AVAILABLE ON REQUEST 


e Literature and price information 
e Free samples for initial evaluation 


e Assistance in selecting the Fibercore Molding 
Compound best suited for your application 


e Help in tooling-up and starting production 
Write, Wire or Telephone 


- PLUMB. 


CHEMICAL CORPORATION 


4837 JAMES STREET - PHILADELPHIA 37, PA. 


366 





prepaneaed ine EPOXY ot: 
ehlitaeteeee= thousand commercial uses 


the Only ALL PURPOSE BONDING 

ps tal AL. Provides Super-Strength 
OS—to —~_  B any surface 
be auakined ined, drilled, 

A, sawed, 5» or trowelled 


Encapsulating, potting, dip coating 
of connectors cable terminations, etc 





ay cracks in concrete, plaster 

metal . impregnating porous 
at - « grouti anchor 
bolts... repairing and fabricating 
sheet metal. 








Glass cloth lamination, storage 
tank lining, filling and ing 
seams, metal or wood, potting 
wire rope terminals. 





a and filling auto body 
cuts, general metal repair 





Casting parts, patterns or holding 
fixtures... Coneeine of molds 
and patterns . . . filling porous 
castings. 


Furane formulates epoxies for these and many other uses. 
Contact us for specific information on your particular application. 











ADHESIVES 


for Ultra-High Temperatures 


"" 1000'F 


SERIES 
Elastomeric RAISEAL 100 
Flexible .... RAISEAL 200 
Rigid RAISEAL 300 


Encapsulants - Sealants - Coatings 
Structural purposes - Potting 


DETAILS ON REQUEST FROM: 

DIRECTOR, DEVELOPMENT DIVISION (PE) 
RADIATION APPLICATIONS INCORPORATED 
36-40 37th STREET, LONG ISLAND CITY 1, N.Y. 





| AVI S .) N Polypropylene 


| HEAT RESISTANCE 
‘ y CHEMICAL RESISTANCE 
do SO) O63 O\\0 eee CLO LO bf 


*a trademark of Avisun Corp. 


For Injection Molding- Blow Molding 
Extrusion - Monofilament - Thermoforming 











MOLDING 
COMPOUND 


’ 
serts 


AVAILABLE ON REQUEST 
e Literature and price information 
e Free samples for initial evaluation 


e Assistance in selecting the Fibercore Molding 
Compound best suited for your application 


e Help in tooling-up and starting production 


F PLUMB. 


CHEMICAL CORPORATION 


4837 JAMES STREET - PHILADELPHIA 37, PA. 


366 





the EPOXY of a 


thousand commercial uses 


the tre Oy A ALL PURPOSE BONDING 
Provides Super-Strength 
IOS—to practically any surface. 
May be machined, filed, drilied, 
tapped, sawed, sanded or trowelled 


“epocast 
EPIBOND 


Encapsulating, potting, dip coating 
of connectors cable terminations, etc 





Cue cracks in concrete, plaster 
and metal . . . impregnating porous 

concrete . . . grouting 

bolts... repairing and fabricating 

sheet metal. 





Glass cloth lamination, storage 

tank lining, filling and sealing 
seams, bonding metal or wood, potting 
wire rope terminals. 





ee and filling auto body 
den cuts, general metal repair 


2 





Casting parts, patterns or holding 
fixtures . . . gelcoating of molds 
and patterns . . . filling porous 
castings. 


Furane formulates epoxies for these and many other uses. 
Contact us for specific information on your particular application. 














ADHESIVES 


for Ultra-High Temperatures 


up to te) 
1000 F 


SERIES 
Elastomeric RAISEAL 100 
Flexible .... RAISEAL 200 
Rigid RAISEAL 300 


Encapsulants - Sealants - Coatings 
Structural purposes - Potting 


DETAILS ON REQUEST FROM: 

DIRECTOR, DEVELOPMENT DIVISION (PE) 
RADIATION APPLICATIONS INCORPORATED 
36-40 37th STREET, LONG ISLAND CITY 1, N.Y. 
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AV I S U N Polypropylene 


HEAT RESISTANCE 
CHEMICAL RESISTANCE 
TOUGHNESS - ECONOMY 


*a trademark of Avisun Corp. 


For Injection Molding- Blow Molding 
Extrusion - Monofilament - Thermoforming 


AviSun Polypropylene 
Combines Many 
Desirable Physical and 
Mechanical Properties 


AviSun Polypropylene offers the designer and fabri- 
cator an impressive combination of properties at very 
low cost. Because of its unusual balance of physical 
and mechanical properties, polypropylene can be used 
to make many products better and at lower cost than 
is possible with other thermoplastics. 


HIGH HEAT RESISTANCE. AviSun Polypropylene 
maintains its form stability well above 212°F. It is 
excellent for housewares, and products subjected to 
sterilization and autoclaving, and in structural appli 
cations where heat exposure renders other low cost 
thermoplastics unsuitable. (Chart 1) 


CHEMICAL RESISTANCE. Excellent resistance to acids, 
alkalies and most organic chemicals. Highly resistant to 
detergents, oils and greases. Stress cracking problems 
are non-existent. 


LIGHT WEIGHT. AviSun Polypropylene is the lightest 
of all plastics, with a specific gravity of .89 to 91. Be- 
cause of its high yield per pound, it can compete 
economically with lower priced resins. (Chart 2) 


ELECTRICAL PROPERTIES. Outstanding electrical 
properties, combined with good mechanical and physi- 
cal properties, make AviSun Polypropylene a good 
material for the electrical industry. It is suited for 
wire coating, and for such components as coil forms, 
fuse sockets, distributor parts, etc, (Chart 3) 


UNIQUE FLEXIBILITY. The excellent flex-life of thin- 
walled sections enables the designer to use it as an 
integral hinge. Polypropylene integral hinges have 
been flexed as many as one million times without 
signs of failure. This unique property makes possible 
one-piece containers that include box, top, hinge and 
snap-catch. No costly assembly is required. 




















CHART 1—HEAT DISTORTION (66 psi) 

NYLON 340° 

AVISUN 

POLYPROPYLENE 240° 

CELLULOSE 

ACETATE 180° 

H.D. POLYETHYLENE 180 

C.A.B. 175 

A.B.S 175 

IMPACT STYRENE 170 
150° 200° 250° 300° 





CHART 2—VOLUME YIELD 











AVISUN 

POLYPROPYLENE 30.6 
H.D. POLYETHYLENE 29.4 
IMPACT STYRENE 28.1 
A.B.S. 27.4 
NYLON 25.4 
C.A.B 22.7 
CELLULOSE 

ACETATE 22.0 

10 20 30 


IN?/LB 





CHART 3—DIELECTRIC STRENGTH 








AVISUN . 
POLYPROPYLENE 1040 
H.D. POLYETHYLENE 600 
IMPACT STYRENE 0 
A.B.S. 10 
NYLON 
C.A.B 0 
CELLULOSE 
ACETATE 

——_ 
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A iSun offers a number of different grades of polypropylene 
re ins, each of which is engineered for specific types of 
al jlications. AviSun technical service representatives can 


recommend the grade best suited for a particular applica- 
tion. Pipe grade resin is approved by National Sanitation 
Foundation for carrying potable water. 
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Typical Properties 


AviSun #1014 General Furpose Injection Molding Grade 














PROPERTY UNIT 
; 
i PHYSICAL 
: Color os Translucent White 
F Bulk Factor -- 1.80-2.00 
f Specific Gravity gm/ml 0.905-0.915 
Mold Shrinkage in/in 0.010-0.020 
f MECHANICAL* 
fi Yield Strength psi, 2 in/min 5000 
j Ultimate Elongation %, 2 in/min > 200 
Stiffness-Flexural 10° psi 18 
1zod Impact ft Ib/in notch 1.0 
Hardness Rockwell R 
THERMAL 
Melting Point, Dilatometer °F 345 
Heat Distortion—66 psi °F 240 
Deformation Under Load 
2000 psi 122°F, 24 hrs % 3.1 
Coefficient of Linear 
Expansion (0-150°F) in/in/°F 6.7 x 105 
Specific Heat Cal/gm/°C 0.45 
Flammability Slow 
GENERAL 
Water Absorption, 24 Hrs % < 0.01 
Environmental Stress Cracking None 














Other Grades Available 


*iInjection moided samples, as moided 











#1011—General purpose extrusion. For vacuum forming 
sheet, profiles, pipe, blow-molded articles. Higher impact 
than #1014. NSF approved. 


#1041 & 1044—Specially formulated for applications re 
quiring sustained exposure to elevated temperature. Rec 
ommended for critical appliance and electrical parts, hot 
water heater parts, etc. Approved by NSF and UL. 


#4011 & 4014—Specially formulated for applications in- 
volving food packaging or food processing. Qualifies 
under FDA regulation as not a food additive, and is 
approved for all such uses. 


#1021—UV light stabilized. Recommended for manufacture 
of polypropylene monofilaments and bristles. High te- 
nacity and good orientation properties. 

#1016—Similar to #1014 except lower molecular weight 
for easier flow in deep draw, multi-cavity molding. 

Colored formulations of all the above are available with 

full AviSun warranty on a made-to-order basis. 

Color concentrates available for more economical produc- 

tion of colored moldings or extrusions. 

his list of formulations will be supplemented in the future 

as new products are commercially introduced as a result of 

AviSun’s research and development effort. 
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Widely used in specialized medical equipment 


Case and internal parts for humidifier 


Chairs are comfortable, durable, low cost a 


AVISUN BACKS YOU UP WITH COMPLETE FACILITIES AND SERVICES 


Modern New Plant. The industry’s newest and most 
modern production facilities assure adequate supply— 
under rigid quality controls. 


Research and Development. AviSun’s large R&D or- 
ganization is geared to continued leadership in the 
rapidly expanding field of thermoplastic technology. 


Technical Service. AviSun specialists, expert in every 
fabrication technique, are available to help customers 
with their fabrication problems. 


AVISUN CORPORATION 


Marketing Assistance. AviSun’s Market Development) 
Group is constantly working with our customers to di E 
velop new products and markets. In addition, Avi§ 4 
carries on a broad advertising program to promote 
advantages of products made from polypropylene. 


Customer Service. AviSun maintains warehouses ane 

- 
sales offices throughout the country for fast delivery 
and efficient service. 


For further information, write for complete technic | 


=! 


AVISUN_ - 


data. 


EXECUTIVE AND 
SALES OFFICES 


1345 Chestnut Street 


POLYMER PLANT 
New Castle, Del. 


Philadelphia 7, Pa. 
Telephone: LOcust 8-5520 


*a trademark of Avisun C 


FILM-FIBER PLANT 
New Castle, Del. 


SALES OFFICES ARE ALSO LOCATED IN 


NEW YORK CHICAGO 


LOS ANGELES 


SALES REPRESENTATIVES 
A. SCHULMAN, INC. 


Akron 9, Ohio, 790 East Tallmadge Ave. 
Boston 16, Mass., 738 Statler Bidg. 
Chicago 45, IIl., 2947-51 W. Touhy Ave. 


East St. Louis, III., P.O. Box 310, 14th and Converse Sts. 
Los Angeles 5, Cal., Rm. 730, Texaco Bldg., 3350 Wilshire Blvd 
New York 22, N.Y., 460 Park Avenue 


Orange, Texas, P.O. Box 1209 
CANADA: Courtaulds Plastics Canada Limited 


Foider AP-603 
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The Thermoplastic with the Strength of 


LEXAN resin’s combination of toughness, mal- CHARACTERISTICS 


leability and clarity gives it the design capabilities 
of a transparent metal! 

No other plastic can be fabricated in so many 
ways. A thermoplastic, LEXAN resin can be injec- 
tion molded, compression molded, extruded, blow 
molded, vacuum formed, spin welded, machined, 
solvent bonded. Yet it can also be cold worked 
exactly like a metal: forged, stamped, coined, 
pressed, rolled, drawn, upset, die bent and shaped 
on the same machines used for copper alloys, alu- 
minum and steel. 
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DESIGNERS! LEXAN resin is available in 
stock shapes! Extrusions and moldings—rod, tube, 
pipe, slab, plate, and disk—are available in many 
sizes. Also commercially available is LEXAN® 
film, extruded and solvent cast, from sub-mil to 
10 mil thicknesses. These stock shapes offer the 
designer an expanded range of possibilities for 


new applications and prototypes. Our bulletin 
CDC-389 details sources. 


TECHNICAL DATA 





Polycarbonate Resin 


[ja Metal—Plus Transparency! 





PHYSICAL PROPERTIES 


Color: A variety of apeqee, translucent and transparent 
colors: over 2 doze 


i: gravity: 1.20 ASTM D 792 
“Odor: None 

“Taste: None 

Refractive index : 1.586 


Rockwell hardness: = at R118 ASTM D 785 
Abrasion resistance, Ta 
abraser with CS-17 ct a 7-11 mg/1000 cycles ASTM D 1044 
ct strength, notched Izod, 
%” specimen: 12-16 /t- lb/in. of notch ASTM D 256 
Impact strength, unnotched Izod, 
\%” specimen: > 60 ft-lb/in. ASTM D 256 
Tensile-impact: 600-900 ft-lb/cu in. 


Tensile yield strength: 8,000-9,000 psi ASTM D 638 
Tensile ultimate strength: 9,000-10,500 psi ASTM D 638 
Tensile modulus: 320,000 psi ASTM D 638 

Hlongation: 60-100% ASTM D 638 

‘Compressive strength: 11,000 psi ASTM D 695 


Compressive modulus: 240,000 psi ASTM D 695 
Flexural strength: 11,000-13,000 psi ASTM D 790 


Flexural modulus: 375,000 psi ASTM D 695 
Shear yield strength: 5,400 psi ASTM D 732 
Shear ultimate strength: 9,200 psi ASTM D 732 


Light transmission (% in. thick disc) : 75-85% 
Water vapor permeability: 3-4 x 10°°g/cm/hr/cm*/mm Hg 
Nitrogen permeability: 0.012 x 10-*cc(STP)/mm/sec/cm*®/cm Hg 
Carbon dioxide permeability: 

0.32 x 10-*cc( TP) /mm/sec/cm* /em Hg 
Bulk factor of pellets: 1.7 


Poisson's ratio: 0.38 
Modulus of rigidity: 116,000 psi 


Deformation under load, 4000 psi: 77°F: 0.2% ASTM D 621 
158°F: 0.3% ASTM D 621 


Fatigue endurance limit (Wohler method), 
1800 cycles/min., 73°F, 50% RH: 2000 psi 


Equilibrium, 73°F: 0.35 


Water absorption, 24 hr. immersion: —_ D 570 
Equilibrium, 212°F: 0.58% 


THERMAL PROPERTIES 


Heat distortion temperature: 
264 psi: 280°-290° F) 
66 psi: 283°-293°F § ASTM D 648 


Mold shrinkage: 0.005-0.007 in./in. ASTM D 955 
Thermal conductivity: 4.6 x 10-*cal/sec/cm*/°C/cm 


(efficient of linear thermal expansion: 


$9 x 10-*in./in./°F ASTM D 696 














Flammability: Sel/-extinguishing ASTM D 635 


Brittle temperature: <—135°C ASTM D 746 
Specific heat: 0.30 Bulletin 157 


Deformation under § Temp.,°F | Load, lb | Deformation, % 
load on 0.5-inch 1 1000 
cube. ASTM D 621 508 


1000 
500 
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G-E 12985 


Here is a high heat resistant com- 
pound with a combination of prop- 
erties unavailable in any other 
material of its class at a similar 
price. On the basis of a thorough 
testing program, it is considered 
the very finest phenolic for high- 
temperature use. 

Tested for retention of flexural 
strength after heat aging (for ex- 
ample, heating for ten hours at 
500°F) the new compound proved 
distinctly superior to competitive 
resins in its category. 

The new resin has a drop impact 
strength 50% higher than that of 
the best competitive resin...equiva- 
lent for the first time to that of a 
general-purpose compound. It has 
a rich, black color which it main- 
tains well on exposure to heat. The 
material has excellent machining 
properties, too, demonstrating the 
lowest Tool Wear Index of any high 
heat resistant material tested. Its 
chemical resistance is very good: it 
shows only 0.5% weight gain after 
boiling for 24 hours in a strongly 
alkaline solution. Specific gravity 
is relatively low at 1.58, and it is 
offered at an attractive price. 


12985 is available in flow ratings 
10, 12 and 14, granulated for auto- 
matic molding. It takes a hot, 
speedy preheat and cures rapidly. 


SUGGESTED USES: A superb mate- 
rial for handles, particularly for 
cutlery and skillets. Recommended 
for appliance parts, switch and 
lamp parts, knobs, wiring devices, 
miniature parts for use in high am- 
bient temperature atmospheres. 


G-E 12941 


This general-purpose black com- 
pound represents a new concept in 
fast-curing, ammonia-free, non- 
bleeding phenolics. 

The material gives an extremely 
fast, blister-free cold-powder cure. 
There is no danger of staining the 
mold or tarnishing costly silver 
contacts. Nor is there any need to 
worry about high scrap losses 
caused by uneven flow. Parts pro- 
duced from 12941 will not bleed. 

Material available in8 and 10flow, 
granulated for automatic molding. 


SUGGESTED USES: Ideal for small, 
automatically molded parts of all 
kinds: switch parts, contacts for 
wire connectors, closures, tube 
sockets, appliance control parts. 


3 NEW PHENOLICS ADDED 
TO BROAD LINE OF G-E MOLDING COMPOUNDS 


G-E 12942 





12942 was developed by improving 
12929 which had already become 
one of General Electric’s most pop- 
ular general purpose products. En- 
hanced were impact strength, finish 
and cure. Parts from 12942 are 
smooth, deep-black, and will not 
embrittle during tumble finishing. 

A versatile and easily molded 
compound, 12942 pre-forms well, 
takes a hot preheat, and flows 
smoothly in the mold. It can be 
used in cold powder automatic 


molding with but a slight penalty — 


in cure speed. It is not hand stain- 
ing. It produces parts which are 
smooth, rigid and lustrous black. 
Still a favorite in many, many ap- 
plications, 12929 will remain a 
standard product, readily available 
in large quantities. 

12942 is available in 10, 12 and 

14, granulated for automatic mold- 
ing. 
SUGGESTED USES: General applica- 
tions where the described proper- 
ties are required. Coffee maker 
bases, piano sharps, handles, knobs, 
meter ease covers. 


Progress Oa Uta /mportant Product 


GENERAL ‘9; ELECTRIC 


CHEMICAL MATERIALS DEPARTMENT, PITTSFIELD, MASS. 
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INJECTION MOLDED-—This hospita! footstool is typical of the 
products and parts made of MARLEX for hardware, auto, 
appliance, furniture, housewares, toy, and other industries. 
(Footstool, Consolidated Molded Products, Scranton, Pa.) 





"By every method... 


MARLEX* quality assures success 


MARLEX high density polyethylenes, ethylene 
copolymers and tailored resins afford you versa- 
tility and outstanding product quality at mod- 
erate cost. They enable you to produce items 
which are durable, tough, light, corrosion proof 
and rot proof. . . and produce them at low cost. 
Products made of MARLEX withstand tempera- 
ture extremes (-180°F to 250°F)... acids, alkalies, 
oils and greases. Get complete information about 
MARLEX today! Your inquiry will get prompt 
attention and an carly response. 

*MARLEX is a trademark for Phillips family of olefin polymers. 





EXTRUDED—Large and small pipe for many uses, electrical 
conduit, filament and yarn for rope and fabric, sheet or clear 
film . . . are extruded products made better of MARLEX. 





PHILLIPS 


Polyethylenes, Tailored Resins, 
and Ethylene Copolymers 


For complete details...turn page ————_> 














MARLEX High Density Polyethylenes—these MARLEX 
resins are categorically the most dense (density 0.960) . . . and 
“true” linear polyethylenes. The low melt index resins (6002, 6009 
and 6015) are noted for extreme toughness, rigidity, and ability to 
withstand extremes of temperature. The high melt index resins 
(6035 and 6050) have especially good processability and are ideal 
for fast cycle molding. Easily processed by conventional methods, 
these resins are used for a wide range of quality items—industrial 
moldings, housewares, toys, automotive parts, clear films, fila- 
ment, ribbon yarn, pipe and conduit. 


MARLEX High Density Ethylene Copolymers —siightly less 
dense (density 0.950), these resins are also tough, strong, light- 
weight, non-allergenic . . . resistant to chemicals, oil, greases, rust, 
rot, corrosion, heat and cold, (250°F to as low as —180° F). The 
low melt index resins (5003, 5005 and 5012) have superior load 
bearing characteristics and excellent environmental stress cracking 
resistance. They are ideal for blown bottles, filaments and molded 
industrial items. Combining acceptable impact strength and 
processability, the high melt index resins (5040 and 5065) are ideal 
for a variety of molded items and slot extruded film. 


MARLEX High Density Tailored Resins —with densities 
ranging from 0.940 to 0.970, these resins (TR-101, TR-201, 
TR-202, TR-212, TR-213 and TR-414) have been tailored for a 
number of special applications. TR-101, for example, provides a 
heavy-duty film of exceptional strength and resistance to moisture 
penetration. Five- and seven-mil blown-tubing bags made of 
TR-101 are currently in use. Other MARLEX high density 





Laboratory Aid in Product Development—Whatever you 
make of MARLEX, the Phillips Sales Service Laboratory is staffed 
and equipped to help you produce the best possible product at the 
least possible cost. Large scale facilities for injection molding, 
extrusion, thermoforming, blow molding and other related opera- 
tions permit Phillips engineers to make full-scale studies of 
production problems. Experienced specialists can help you match 
product requirements with the properties of MARLEX resins 

as well as advise you on the most efficient production methods In 
short, the Phillips Sales Service Laboratory is staffed and equipped 
to render all product development services—tooling guidance, 
production planning, product testing and the like 


Technical Service—The skills of Phillips plastic engineers and 
technicians, the accumulated know-how from years of experience, 
and the most extensive collection of data on polyethylenes, ethy- 
lene copolymers, and Tailored Resins are all available to you. New 
techniques for fabricating, molding, extruding and thermoforming 

technical data on coloring and stabilizer compounding .. . 
resin analysis and ASTM tests—these and many more technical 
services are all part of the technical assistance program offered to 
MARLEX customers. 


Assistance —E very Plastics Division Sales Office is staffed 
with experienced sales engineers. More than just “order takers”, 
these men can provide on-the-spot technical and marketing service 
Trained at the Sales Service Laboratory and in Phillips Chemical 
Company production plants, they know plastics from manage- 
ment to molding machines. Moreover, when special problems 
arise, MARLEX district men have “at their beck and call” the 


different resins to choose from...for a 
wide range of products and processes 


Tailored Resins are used for wire and cable coating . . . conduit 
and coilable pipe. 


MARLEX Medium Density Polyethylenes— resin 2950 (dens- 
ity 0.929) and Resin 3328 (density 0.933) are primarily intended 
for the manufacture of film. Resin 2950, with melt index of 5.0, is 
noted for high draw down, clarity and gloss. Resin 3328 has a 
lower meit index of 2.8, good clarity, and is easily 
processed for a variety of uses—film overwrap for paper products, 
foodstuffs and the like. 


MARLEX Low Density Polyethylenes—these resins (1478, 
1531, 2030, 2278, 2331, 2380, 2420 and 2520) like all MARLEX 
resins are top-grade, virgin material. As such, they are intended 
for “quality” low density applications. With densities ranging 
from 0.914 to 0.925 and melt indices from 2.0 to 8.0, these MARLEX 
resins have a wide range of applications—ultra-thin paper, cello- 
phane and foil coating, film, garn.nt bags, blow molded squeeze 
bottles, and flexible molded items. 


MARLEX Medium and Low Density Tailored Resins—with 
densities ranging from 0.915 to 0.941 and melt indices from 0.3 to 
22.1, these MARLEX Tailored Resins were developed with specific 
end uses in mind. TR-602 and TR-603 are used for wire and cable 
coatings. TR-618 and TR-623 are economy resins for low-cost 
injection molded products where critical limits of densities and 
melt indices are not required. TR-822 is for injection molding 
large items requiring maximum flexibility. 


outstanding services...that can mean 
increased profits for MARLEX customers 


nation’s largest technical organization devoted to polyethylenes, 
ethylene copolymers, and Tailored Resins. Present-day MARLEX 
customers depend on these district men. Their services are avail- 
able to you, too. 


Marketing —New applications for MARLEX plastics are con- 
stantly being brought to the industry. This is the work of our 
Commercial Development Staff as they build new business for 
you. Potential customer acceptance is checked by field tests on 
each new use. Our Marketing Research Group develops and evalu- 
ates marketing information. From time to time, all collected data 
are published as helpful marketing brochures available at your 
MARLEX sales office. The advantages of advanced planning 
through the activities of Commercial Development and Marketing 
Research can help you profit from new MARLEX applications 


Merchandising and Promotional Help — MARLEX advertis- 
ing and publicity—the style setters in the industry—have achieved 
world-wide recognition for the familiar MARLEX label. This 
provides an outstanding opportunity for manufacturers of ap 
proved MARLEX items to use sales boosting MARLEX labels . 
promotional films, selling aids, and signs. MARLEX users als« 
benefit from sustained advertising and publicity programs. 


Dependable Supply and Delivery —Teletype communica 
tions, an extensive warehouse network, and ample plant capacit 
assure you of prompt, on-time deliveries. Because each Plastic 
Division Office maintains its own fully stocked warehouse, a supp!) 
of MARLEX resins is always close by 
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PHILLIPS 


Alsi» ¢ 


PHILLIPS CHEMICAL COMPANY 


Bartlesville, Oklahoma 
A subsidiary of Phillips Petroleum Company 


PLASTICS DIVISION OFFICES 
NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN 


322 Waterman Avenue 80 Broadway, Suite 4300 © 318 Water Street 1506. St.ChorlesRd. 317 N. Lake Ave. 6010 Sherry Lane 
East Providence 14,8.1. Wew York 5, W. Y. Akron 8, Ohio Villa Pork, ii. Pasadena, Calif. Dallas 25, Texas 
GEneva 4-7600 Digby 4-3484 FRanklin 6-4126 TErrace 4-6600 MUrray 1-6997 EMerson 8-1358 


EXPORT: PHILLIPS PETROLEUM INTERNATIONAL CORPORATION + P. 0. Box 7239, Panama City, Panama * Sumatrastrasse 27, Zurich 6, Switzerland 











POLYETHYLENE 


CONVENTIONAL 


BLOW MOLDING 


LINEAR & POLYPROPYLENE 


loeeh-Baeh, Meets) Mel Mieiel i lelll tell icme-)) tear tees.) 


AMERICAN MOLDING POWDER AND CHEMICAL CORPORATION 


703 BEOFORD AVENUE, BROOKLYN 6, NEW YORK 
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Your special needs are specially answered...b 


PLIOVIC. 
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Now an expanded family of PLIOVIC resins stands 


ready to deliver outstanding processing advan- 
tages plus unusual end-product characteristics! 








) Newest addition of the Piiovic line is PLiovic M-70X, 

> astraight PVC resin. It is designed specifically as a 

' viscosity modifier for plastisols. Resin particle size is 

» such that a wide range of formulation latitudes is 
possible without induced settling. 


PLIOVIC AO, the established copolymer vinyl resin, 
gives these advantages in dispersions: Excellent dis- 
' persing characteristics. Wide plasticizer compatibil- 
| ity. Good viscosity stability. Gradual gelation. Low 
fusing temperature. Good physical properties. 


PLIOVIC WO, the straight PVC resin, assures these 
benefits in organosols and plastisols: Exceptional 
_ adhesion. Excellent viscosity stability. Unusual pseu- 
doplasticity. Good heat and light stability. Low water 
sensitivity. Unusually low gelation and fusion tem- 
peratures. High strength and abrasion resistance. 


The growing number of success stories based on 
PLiovic dispersion resins is no accident. For in any 
of these typical applications—plastisols and organo- 
_ sols for slush molding, tie-coat laminations, rotocast- 
"ing, dip- and spray-coating, plastigels and plastic 
' foam—Goodyear quality and technical help mean big 
_ dividends. For further details, including the latest 
Tech Book Bulletins, write Goodyear, Chemical Divi- 
sion, Dept. I-9440, Akron 16, Ohio. 









Lots of good things come from Pliovie —T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 


CHEMICAL DIVISION 





Because Spencer CARES about its customers in a special way, you can specify 
Spencer Plastics with special confidence. Polyethylene. Polypropylene. Nylon. We spare 
no effort in helping you select precisely the proper resin for the job at hand. Personalized 
assistance from our technical service staff is yours without charge. Product planning and 
marketing help, too. If you haven’t already discovered what it means to have Spencer 
CARE behind your product, why wait? Get in touch with your nearest Spencer represent- 
ative, or write us at the address below. 


The Company Known For Its Know-How SPENCERS, 


Spencer Chemical Company 


"Poly-Eth’» Polyethylene + “Poly-Pro“s Polypropylene + Spencer Nylon Dwight Buliding, Kansas City, M: 





Y our Spencer representative offers you an ever-growing family of quality-tested resins— 
each formulated to deliver the properties most desirable for its specialized applications. The 
listing below indicates the broad selection of standard Spencer Resins available for immedi- 
ate delivery. Should your particular requirements call for a special resin formulation, Spen- 
cer welcomes the opportunity to work with you in developing custom resins to fit the job at 
hand. Contact your Spencer representative, nearest Spencer Sales Office, or write us direct. 


Spencer “Poly;Eth” Polyethylene 


Injection Molding Resins 
Blow Molding Resins 
High Strength Film Resins 
High Clarity Film Resins 


Overwrap Film Resins 
Extrusion Coating Resins 
Electrical Resins 

Pipe Resins 


Spencer “Poly;Pro” Polypropylene 


Molding Resins 


(General purpose, impact, ultraviolet resistant, heat stabilized and food grades) 


Extrusion Resins 


(General purpose for profile and tubing, sheeting and monofilament) 


Film and Coating Resins 


Spencer Nylon (in standard and special colors) 


Molding Resins 
(General purpose, heat stabilized, high flow and high impact) 


Extrusion Resins 


(Rod, tubing, film, coating, sheeting, strip, profile and monofilament) 


To assure prompt delivery, the Spencer Resins above 
are made available from Spencer’s strategically lo- 
cated network of warehouses: Freight is prepaid to 
destination anywhere within the United States (ex- 
cept Alaska and Hawaii). Combination orders of 
standard Spencer Resins from a single shipping 


point will be invoiced at the minimum cost appli- 
cable to the total of all standard products in the 
shipment. 


Spencer Thermoplastics are available in a variety 
of packages, ranging from 25-pound cans of nylon 
to 100,000-pound Dry-Flo railway cars. 


SPENCER CHEMICAL COMPANY 





quality molding compounds 
...dn living colors 


EASIER TO MOLD SUPERIOR PRODUCTS 


Patented grips molded by Hunt- 
Wilde Corp. of Vicoa Vinyl 


** SELL ON SIGHT because 
_ they look and feel 

One of several standard machines molding Vicoa Vinyl! 24 hrs. a day, 7 days <e: ion 's ieeaaggay en.eey 
a week at Hunt-Wilde Corp. They have molded and extruded miilions of *~ BEAUTIFULLY COLORED 
pounds of Vicoa elastromeric vinyls with no damage to their machines. ; Made from the finest pig- 
an = oe ments available 
** LOWER CYLINDER TEMP. “ FASTER CYCLES “ SMALLER RUNNERS *~ VICOA “Living Colors” are 
FEWER REJECTS ** LESS SCRAP * EXCELLENT HEAT STABILITY og, Moen 

tL *“* TOUGH, STABLE AND CHEM- 

** WILL NOT DAMAGE YOUR MACHINE ICALLY RESISTANT 





EXAMPLES OF VICOA VINYL 
EXCITING “LIVING COLORS” 


CRYSTAL CLEAR! TRANSPARENT Red, Blue, Green, 
Yellow and Turquoise. ATOMIC-GLO fluorescent day- 
time red-orange. PHOSPHORESCENT (glow in the 
dark). METALLIC blue, green, silver, copper and gold. 
Brilliant RED, BLUE, GREEN, MAROON, YELLOW, 
BLACK and WHITE. 

VICOA VINYL compounds are available for mold- 
ing, extruding or coating in the form of granules, dry 
blends, plastisols or “dri-fluids” (for fluidized bed 
process). 





SALES OFFICES 


WRITE FOR SAMPLE PIECE MOLDED FROM VICOA VINYL 4753 N. Broadway 81-11 Roosevelt Ave. 
Chicago 40, Illinois New York 72, N. Y 





the big news story for suppliers and 
users of elasto-plastic components! 


TEXIN 


Now Permits Mass Production of Urethane Elastomer Parts 
by Low-Cost Injection and Transfer Molding or Extrusion 


TEXIN, a newly-developed urethane elastomer “green 
stock” resin supplied in chopped particle form, is de- 
signed for those mass market industrial applications 
which require a highly-functional elasto-plastic material 
that can be simply processed with existing equipment by 
fast-cycle, low-cost methods. 

TEXIN by-passes the costly, time-consuming liquid 
casting system formerly required in processing cured 
urethane elastomer items. Yet, it gives you the imme- 
diate market advantage of a thoroughly field-tested 
material, with properties identical to cast Multrathane® 
elastomers, while reducing part-forming time from hours 
to a matter of seconds. 

TEXIN is specially formulated for heavy-duty appli- 


Hardness 


cations which demand the unusual combination of wear 
resistance, hardness, elasticity, and high impact and 
mechanical strengths — particularly in original equip- 
ment components having difficult design features such as 
undercuts, slots, tapers, gear teeth, inserts and threads 
subject to high abrasive wear or oil immersion. Literally 
hundreds of these applications, many not adaptable to 
casting methods, are ‘right’ for molded urethane elas- 
tomer. TEXIN can bring them in. 

The markets for urethane elastomer items are already 
well developed and waiting to hook into your production 
line. For full details and technical assistance, write im- 
mediately to Mobay Chemical Company, Code MPE-1, 
Pittsburgh 5, Pa. 
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192 A 
Molding 
Grade 


1.25 


2.7 


92-94 


44-45 


4400 psi 


600% 


1150 


1556 


2050 


45% 


300 Ibs. 
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5500 psi 


600% 
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900 








1500 





30% 











Send for your copy of Texin 
Topics, an illustrated bulletin 
describing the latest application 
developments in the urethane 
elastomer field. 


MOBAY CHEMICAL CO. 


Code MPE-1 


Pittsburgh 5, Pa. 
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FOR COMPLETE INFORMATION AND PRICES WRITE TO: 
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Chicago: 2412 Greenfield Drive, Glenview. illinois PArk ¢-2726 + Los Ange/es: 205 West Century Bivd., Playa Dei Ray, California EXmont 7-7272 








THE INDUSTRY’S FINEST FAMILY 
OF SPECIALIZED PVC RESINS 


Every batch of Vygen PVC resin is created under carefully- 
controlled conditions . . . your assurance of consistently 
high quality and good processing properties, bag after bag. 
Each developed to meet specific production requirements, 
there’s a Vygen resin to solve your problem, no matter how 
unique! When you specify Vygen you get top-quality, tech- 
nical service and ‘‘custom-delivery’’. 


A low-molecular-weight resin which has very good heat stability. 
Recommended for calendering, extrusion, and molding opera- 
tions where processing at lower temperatures is desired. 


A medium-molecular-weight resin for molding, calendering, and 
extrusions requiring a high-gloss finish. Especially well-suited 
for high-gravity light-embossed calendered sheeting. Vygen 105 
allows the use of lower processing temperatures. 


A general-purpose, average-molecular-weight resin, adapted 
for easy processing of calendered film, sheeting and coated 
fabrics. Also recommended for molding and extruding opera- 
tions where excellent heat and light stability are requirements. 


A high-molecular-weight, general-purpose resin, ideally suited 
for dry-blend extrusion operations . . . blended with mono- 
meric or polymeric plasticizers, this resin has an extremely rapid 
rate of solvation. Vygen 120 has a narrow range of particle 
size distribution, producing extrusions free of gelled particles. 


An extra-high-molecular-weight resin developed primarily for use 
in dielectric heat-sealing applications in the automotive industry. 


An average-molecular-weight resin with extremely high rate of 
plasticizer absorption. Allows a dry premix in unheated biend- 
ers, faster preblending cycles, and faster fluxing on open mills 
or in a Banbury. Recommended for calendering, extrusion and 
molding operations requiring high plasticizers-to-resin ratios. 





THE GENERAL TIRE & RUBBER COMPANY 
CHEMICAL DIVISION « AKRON, OHIO 


Chemicals for the rubber, paint, paper, textile, plastics and other industries: GENTRO SBR rubber 

GENTRO - JET b/ack masterbatch * GEN-FLO styrene-butadiene /atices ¢ GEN-TAC viny/ pyridine latex 

GENTHANE po/yurethane elastomer *¢ VYGEN PVC resins * KURE-BLEND TMTD masterbatch 
KO- BLEND /nso/ub/e su/fur masterbatch 
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Survey of foamed plastics 


Was. only a few years, 


foamed plastics materials have 
nanaged to grow into an integral, 
and important, phase of the plas- 
tics industry—and the end is still 
not yet in sight. Urethane foam, 
as only one example, was only 
introduced commercially in this 
country in 1955. Yet last year’s 
volume probably topped 100 mil- 
lion Ib. and expectations are for 
a market of 275 million lb. by 
1964. Many of the other foamed 
plastics, particularly the styrenes, 
show similar growth potential. 
And there are even newer foamed 
plastics that are yet to be evalu- 
ated. As this issue goes to press, 
for example, one manufacturer 
has announced an epoxy foam 
with outstanding buoyancy and 
impact strength; another reports 
that a cellular polypropylene, pri- 
marily for use in wire coating ap- 
plications, is being investigated. 

On the following pages, each of 
the major commercial foamed 
plastics is described in detail, as 
to properties, applications, and 
methods of processing. 

It might be well to point out, 
however, some of the newer de- 
velopments that have taken place 
within the past few months which 
might have a bearing on the fu- 
ture of the various foamed plas- 
tics involved. In urethane foams, 
for example, there has been a 
definite trend toward the poly- 
ether-type materials (which are 
now available in two-component 
rigid foam systems) and the em- 
phasis is definitely on one-shot 
molding. Most manufacturers also 
seem to be concentrating on for- 
mulating fire-resistant or self-ex- 
tinguishing grades of urethane 
foam that are aimed specifically 
at the burgeoning building mar- 
kets. Urethane foam as an insula- 
tor is also coming in for a good 
deal of attention. In one outstand- 
ing example, Whirlpool Corp. 
found that by switching to ure- 
thane foam insulation, they could 
increase the storage capacity of 
gas refrigerators to make them 
competitive with electric models. 
Much interest has also been ex- 
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pressed in new techniques for 
processing the urethane foams, 
including spraying, frothing, and 
molding (see article, p. 391 for 
details). And in meeting the de- 
mands for urethane foam as a 
garment interlining, new adhe- 
sives and new methods of lami- 
nating foam to a substrate have 
been developed. 

New techniques for automatic 
molding of expandable styrene 
beads have helped boost that par- 
ticular material into a number of 
new consumer applications, in- 
cluding picnic chests, beverage 
coolers, flower pots, and flotation- 
type swimming toys. Two other 
end-use areas which contributed 
to expandable styrene’s growth 
during the year were packaging 
(molded inserts replacing compli- 
cated cardboard units) and 
foamed-core building panels. Ex- 
truded expandable styrene film 
or sheet—claimed to be competi- 
tive price-wise with paper—also 
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showed much potential, particu- 
larly for packaging. Sandwich 
panels for building utility shelters 
that consist of kraft paper skins 
and rigid styrene foam cores also 
aroused interest in the construc- 
tion field. 

In vinyl foam, the big news was 
the development of techniques for 
coating fabrics with the material 
(for details, see p. 395). Better 
“hand,” a more luxurious feel, 
and better insulating properties 
were claimed to be the result. 
Several companies also saw possi- 
bilities in using the technique for 
extruding or molding vinyl prod- 
ucts with a slight cellular core that 
would reduce costs yet would not 
affect physical properties of the 
end product to any great extent. 

Readers interested in additional 
information on foams are referred 
to the Foamed Plastics Chart ap- 
pearing in the Technical Data sec- 
tion and to the list of references 
which appears below. 
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Since the mid 1950s, when ure- 
thane foam first made its appear- 
ance in the American market, 
growth has been little short of 
fantastic. Present estimates are 
that production topped the 100- 
million-lb. mark in 1960 (85 to 
90 million lb. for flexible, 10 or 
11 million lb. for rigid); by 1965, 
production may range from 200 
to 350 million Ib. for flexible and 
from 115 to 150 million Ib. for 
rigid. The markets that have 
started to open up for the foam 
in the past year or so seem to 
justify the expectations. Furni- 
ture upholstery, as just one ex- 
ample, can easily take millions of 
pounds; foamed refrigerator in- 
sulation is under intensive evalu- 
ation by every major manufac- 
turer; and use of the foam for 
garment interlining is only now 
getting off the ground, with vol- 
ume potential in the offing. 


Basic chemistry 


Urethane foams are, basically, 
reaction products of hydroxyl- 
rich materials and polyisocyanates 
(usually tolylene diisocyanate). 
Blowing can be either one of two 
types—carbon dioxide gas gener- 
ated by the reaction of water on 
the polyisocyanate or mechanical 
blowing through the use of a low- 
boiling liquid such as a fluorinated 
hydrocarbon. 

The most important factor in 
determining what properties the 
end-product will have is quite 
naturally the type of hydroxyl- 
rich compound that is used in its 
production. Originally, the main 
types used were various composi- 
tions of polyesters. These are still 
in wide use today, particularly in 
semi-rigid and rigid formulations, 
for such applications as cores for 
sandwich-type structural panels, 
foamed-in-place insulation, auto- 
motive safety padding, arm rests, 
ete. More recently, polyethers— 
again in varied compositions, 
molecular weights, and branching 

—have come into use at first for 
the flexible foams, just lately for 
the rigids. The polyether glycols 
are claimed to give flexible ure- 
thanes a spring-back action which 
is much desired in cushioning. 
Although the first polyether 
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foams on the market had to be 
preduced by the two-step pre- 
polymer method, today, thanks to 
new catalysts, they can be pro- 
duced by a one-shot technique. It 
is possible that the polyether 
foams may soon be molded on a 
production basis in low-cost molds 
with more intricate contours and 
with superior properties to latex 
foam. 

The polyester urethane foam is 
generally produced with adipic 
acid polyesters; the polyether 
group generally consists of foams 
produced with polypropylene gly- 
col or polypropylene glycol modi- 
fied with a triol. 


One shot vs. prepolymer 


In the prepolymer system, the 
isocyanate and resin are mixed 
anhydrously and no foaming oc- 
curs. The foaming can be accom- 
plished at some future time at a 
different location by the addition 
of the correct proportion of cata- 
lyst in solution. In one-shot, the 
isocyanate, polyester or polyether 
resin, catalyst, and other additives 
are mixed directly and a foam is 
produced immediately. Basically, 
this means that simpler processing 
equipment (the mixture has good 
flowing characteristics) and less 
external heat (the foaming reac- 
tion is exothermic and develops 
internal heat) are required in 
one-shot foaming, although, at the 
same time, the problems of con- 
trolling the conditions of one-shot 
foaming are critical ones. 


Properties! 


Most commercial uses of ure- 
thane foams require densities be- 
tween 2 and 30 Ib./cu. ft. for rigid 
foams, between 1 and 3 Ib./cu. ft. 
for flexible foams. This latter 
figure compares with latex foam 
ruober at an average of 5.5 Ib./ 
cu. ft. in commercial grades. 

Compression strength: Graph 
in Fig. 1, p. 392, indicates how the 
ratio of compressive strength to 
density varies as the latter is in- 
creased or decreased. The single 
curve line represents a specific 
formulation in a test example. By 
‘Data based on a booklet, “The profitable 
present and the fabulous future of urethane 


foams,” produced by Mobay Chemical Co., 
Pittsburgh, Pa. 


varying the formula, this curve 
may be moved forward or back- 
ward along the coordinates to 
produce any desired compression 
strength/density ratio. 

Thermal conductivity and tem- 
perature resistance: In flexible 
urethane foams, we are referring 
to the range between the highest 
and lowest temperatures under 
which the materials’ primary per- 
formance remains functionally 
useful. In temperature resistance, 
this quality is usually related to 
specific properties, e.g., flexural, 
tensile strengths, etc. Thermal 
conductivity is directly traceable 
to the material’s porous, air- 
cell construction which effec- 
tively traps air or a gas in the 
maze of minute bubbles which 
forms its composition. These air 
or gas bubbles make highly func- 
tional thermal Larriers. The K 
factor, a term used to denote the 
rate of heat transmission through 
a material (B.t.u./sq. ft. of ma- 
terial/hr./°F./in. of thickness) 
ranges from 0.24 to 0.28 for 
flexible urethane foams and from 
0.12 to 0.16 for rigid urethane 
foams, depending upon the for- 
mulation, density, cell size, and 
nature of blowing agents used. 
Table I, p. 394, shows a compari- 
son of K factor ratings of a num- 
ber of commercial insulating 
materials in common use, includ- 
ing two different types of rigid 
urethane foam. 

Flexural strength: This term 
refers to the ability of a material 
to resist bending stress and is de- 
termined by measuring the load 
required to cause failure by bend- 
ing. The higher-density urethane 
semi-rigid foams usually have 
stronger flex fatigue resistance, 
ie., the 12 lb./cu. ft. foam has 8 
times the flexural strength of the 
3 Ib./cu. ft. density. Note that 
flexural strength is not always 
improved by simply increasing 
the density, nor is the change al- 
ways proportional from one for- 
mulation to another. Where flex- 
ural strength is an important 
factor, be sure that your urethane 
foam processor is aware of it. 

Tensile strength: This property 
refers to the greatest longitudinal 
stress or tension a material can 








endure without tearing apart. 
Like compression strength of ure- 
thane foams, it has a direct rela- 
tionship to formulation. Excep- 
tional tensile strength is another 
of urethane foam’s strong fea- 
tures. Figure 2, above, shows the 
aging properties of urethane 
foams as determined by the per- 


cent of change in tensile strength 
during exposure to ultra-violet 
light. 


Processing urethanes 


There are many ways of pro- 
ducing a foamed urethane prod- 
uct. The foam can be made into 
slab stock and cut to shape, it can 
be molded, it can be poured-in- 
place, it can be applied by spray 
guns, etc. 

Slab stock is still one of the 
most important forms of urethane 
end-product in use today. Basi- 
cally, the foam machines that pro- 
duce such stock consist of two 
or more pumping units, a variable 
mixer, a nozzle carriage assem- 
bly, and, in many cases, a con- 
veyor belt to transport and con- 
tain the liquid during the reaction 
process and until it solidifies into 
foam. The ingredients are fed 
from tanks through a hose and 
into the mixer at a predetermined 
rate. The mixing head moves 
back and forth slowly across the 
width of the receptacle. It only 
takes a few minutes for the foam- 
ing action to be completed and 
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FIG. 1 (left): How ratio of compressive strength to density 
varies as latter is increased or decreased; FIG. 2 (above): 
Changes in tensile strength under ultra-violet (Graphs, Mobay) 


after a short cure, the material 
can be cut into lengths as desired. 
Much has been done in the way 
of ingenious slitters to fabricate 
the slab stock into finished prod- 
ucts. Profile cutting machines are 
available which can split foam to 
any desired thickness and produce 
sine, triangle, trapezoid, and other 
profiles in variable heights, di- 
mensions, etc. The convoluted 
sheets can be combined to attain 
certain cushioning effects me- 
chanically rather than chemically. 
Also available is a slitter which 
“peels” the inside of a folded 
block of foam and can be used to 
slit continuous sheets up to 300 
yd. in length, down to \e in. thick. 
The low cost and ease of fabri- 
cation of the dies for three-di- 
mensional foam cutting plus the 
wide variety of shapes, dimen- 
sions, and contours that can be 
tailor-made to customer require- 
ments has made the technique 
useful for producing case liners, 
materials handling containers, 
packaging and cushioning de- 
vices, and such novelties as soap 
dishes, toys, head rests, arch sup- 
ports, and gas pedal covers. 


Molding 

Although slab stock appeared 
first, it soon became apparent that 
for the production of cushions 
with irregular shapes, crowned 
contours, or rounded edges, the 
cutting of slab stock is a wasteful 


and uneconomical process. Only 
by resorting to molding tech- 
niques can the cushion manufac- 
turer hope to compete satisfac- 
torily in the established cushion 
market. 

The closed molding of flexible 
urethane foams has been a prob- 
lem ever since the introduction of 
the material (molding in open 
molds was more feasible). Satis- 
factory methods for polyester 
foams and even prepolymer poly- 
ether foams were never fully 
achieved. Closed molding gener- 
ally resulted in parts weighing 
more (because of higher density) 
than parts fabricated from free- 
blown foams. This counteracted 
the gain from having no scrap loss. 
In addition, there were difficulties 
with the flow and spreading of 
the foam mixture over the mold 
surface, trouble with lack of gel 
strength in the rising foam, and 
problems of splits. The introduc- 
tion of one-shot polyether foam 
systems, aided by the development 
of new catalysts, helped to allevi- 
ate some of the problems of closed 
molding. While there are still 
many bugs to be ironed out, the 
technique is fast developing. 


Other techniques 

Simple systems are available 
that make it possible for urethane 
foam components to be poured, 
pumped, etc., into a void where 
they foam up to fill the void. In a 
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typical application—the making 
of rigid urethane foam sandwich 
panels—an amount of foam mix- 
ture calculated to expand 10 to 
20% more than the volume of the 
panel is poured into the panel 
void and the top of the panel is 
locked in place by a jig. The ex- 
panding foam will exert pressures 
up to 10 p.s.i: against the panel 
skins, so a supporting structure 
is needed to hold the panel to the 
desired dimensions. Hydraulic 
jigs have been designed for this 
purpose which feature quick clos- 
ing, automatic locking, and suit- 
ability for both horizontal and 
vertical pours. 

Spraying of foam, which is only 
now becoming of commercial im- 
portance, is used to apply flota- 
tion to boats, fabricate temporary 
Shelters, and insulate storage 
tanks, railroad tank cars, and 
other large objects. Urethane 
foam applied by spraying is a 
two-component system: one part 
is a prepolymer made with a diiso- 
cyanate and a polyether resin; the 
other part is a mixture cf poly- 
ether resin, catalyst, dispersing 
agent, and fluorocarbon blowing 
agent. The two components are 
put in separate feed tanks prior 
to spraying and flow in separate 
streams to the spray gun. Inter- 
nal mixing guns mix the foam 
components with compressed air 
inside the gun; external mixing 
guns cause the foam materials to 
be mixed with compressed air 
immediately on leaving the noz- 
zle. In both cases, a finely atom- 
ized spray is formed. Although no 
special surface preparations are 
needed, surfaces to be sprayed 
should be reasonably clean so that 
the sprayed foam intimately con- 
tacts the substrate material. The 
urethane foam will attain nearly 
maximum physical properties 
after several hours at room tem- 
perature and top strength occurs 
after 24 hours. 

Much development work is also 
going on in the area of urethane 
foam-laminated garments. Mate- 
rial of this type provides warmth 
with light weight, crease- and 
wrinkle-resistance, and excellent 
hand and drape. Estimates are for 
over 300 million yd. of foara to be 
used with knit goods by 1965. To 
apply the foam, manufacturers 
have used any one of a number 
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of techniques: applying the foam 
stock to the backing with an ad- 
hesive; using heat and pressure 
in a laminating-type operation; 
using a polyethylene interliner 
that melts to bond both halves of 
the construction together; and 
casting the foam directly onto the 
backing. 


Applications 


By proper selection and propor- 
tioning of the ingredients in- 
volved, the urethanes can be made 
either flexible or rigid. The de- 
scription of applications below 
covers both types. 

Furniture: Against latex foam, 
the lighter weight of. polyether 
foam, its superior tear strength, 
and ease of fabrication—it can be 
sewn, stitched, stapled, and hog- 
ringed—often effect significant 
savings. Tufted and sculptured 
backs and arms can be made more 
economically, so that tradition- 
ally expensive furniture is now 
available in the medium price 
range. Greater skid resistance 
keeps fabric welting in place and 
can bring the convenience of 
zipper covers to more upholstery 
applications. 

It is now generally conceded 
that polyether foam possesses all 
the requirements for comfort 
cushioning—a property that has 
not been defined in engineering 
terms, and depends to some extent 
on the individual preferences of 
furniture manufacturers. 

Newest development in this 
area is a polyether-type urethane 
foam, cured in a mold around a 
supporting frame of tubular 
metal. A “one-shot” molding 
method in which all of the com- 
ponents that go into the foam are 
added at the mixing head is used. 
The rigid frame is so supported 
during the foaming operation that 
a substantial part of the urethane 
foam material completely sur- 
rounds it. 

Bedding: Hopes of the urethane 
industry center around lighter 
weight; reversibility; higher ten- 
sile strength which permits stitch- 
ing and tufting; better fire resist- 
ance than is afforded by latex; 
and resistance to dry cleaning 
solvents, oils, and perspiration. 

Transportation: Automotive: 
The potential use is estimated to 
be over 24 lb. per car, although 


nobody in the industry will haz- 
ard a guess as to when this figure 
might be reached. Every automo- 
bile manufacturer is known to be 
either engaged in production test 
runs or evaluating urethane for 
seating, but uses are mainly 
crash-protection, vibration-damp- 
ening, and insulation. 

The largest single automotive 
use to date is for instrument panel 
crash pads and trim. These are 
usually made by vacuum-forming 
an embossed, flexible, thermoplas- 
tic sheet to the outer surface of 
the pad, which is then placed in a 
mold 1nd the urethane foam for- 
mulation poured in. The mold is 
then closed and the foam is cured 
in an oven, after which the part 
is trimmed. 

Several models also use ure- 
thane arm rests, made from a 
slush molded vinyl plastisol skin, 
with foamed-in-place urethane 
and a molded-in metal insert for 
attaching the rest to the door 
frame. 

Topper pads are used in many 
new automobiles and one company 
is using urethane in hardtop rear 
seats, as a shock absorbing center 
section over the tunnel area. 

Thermal insulating mats of this 
material are also used for air con- 
ditioner blower and evaporator 
housings. A foamed-in-place fire- 
wall, and sintilar sound and heat 
insulating are likely to appear in 
the near future. 

Other automotive uses include 
side panels, carpet underlay, 
headliners, weather stripping, 
steering wheel padding, hood lin- 
ers, etc. 

Aircraft: Flexible urethane also 
has obvious advantages in aircraft 
applications. For example, it was 
chosen for aircraft seats because 
it is flame-retardant and only half 
the weight of other foams. Other 
manufacturers use urethane for 
seat cushioning, mattress padding, 
carpet underlay, protective pad- 
ding on hat-racks and berth cov- 
ers, and cushioning in the cockpit. 
Weight savings from 50 to 66% 
were achieved by using urethane 
insulation instead of the various 
natural and synthetic materials 
commonly employed in these ap- 
plications. 

Thermal insulation: Rigid ure- 
thane foam (polyether-, poly- 
ester-, and even castor-oil based) 








is gaining wide acceptance as an 
insulating material in industrial 
and domestic applications. Stand- 
ard formulations have a K factor 
of about 0.22, which is about the 
same as fibrous glass, and better 
than that of cork board, (K factor 
is a measure of insulating effici- 
ency—the lower its value, the bet- 
ter the insulation.) When fluori- 
nated hydrocarbons are used as 
the blowing agents, this heavy gas 
is trapped in the millions of tiny 
urethane cells and, because of its 
low thermal conductivity, reduces 
the K factor to about 0.16 for a 
2 Ib./cu. ft. density of rigid foam. 
In practice this means that about 
40% less foam insulation is re- 
quired in any one application, 
resulting in larger storage space 
in refrigerators without increasing 
the outside dimensions. The same 
properties have also led to the 
adoption of urethane foam in milk 
coolers, storage tanks, refrigerator 
tank cars, ice cream cabinet lids, 
and similar applications. 

Another interesting application 
is pipe insulation, which can be 
sprayed-on or molded, using rigid, 
semi-rigid, or flexible foam. 

For most thermal insulating ap- 
plications, urethane is foamed in 
place from prepared liquids, 
thereby reducing assembly time. 
In addition, the reaction process 
as the foam expands to fill cavities 
imparts excellent adhesive bond- 
ing characteristics which produce 
a strong laminate. Urethane foam 
also has a high strength-to-weight 
ratio, which makes it possible to 
use lighter materials for the outer 
shells of appliances, for example. 
These properties are also of im- 
portance for structural uses. 

Flexible urethane foam is also 
used as light-weight insulation for 
garments. 


Structural uses: The light 
weight of urethane foam, in com- 
bination with its other properties, 
fits in well with current trends in 
the building industry which call 
for more pre-fabricated units and 
for more flexibility of arrange- 
ment of space, which is frequently 
accomplished by using curtain 
walls and other panels. 

In general, curtain walls are not 
used for support, but for insula- 
tion, although here again the foam 
core lends structural strength to 
lightweight panels. Furthermore, 
urethane foams have excellent 
sound-deadening and vibration- 
dampening properties. 

Although foaming-in-place or 
spraying over an inflated, reusable 
form to provide a dome-type 
structure may provide labor sav- 
ings, panels appear to have a 
bigger future in the building in- 
dustry. Formulations have been 
developed for continuous rigid 
foam slab-stock production. A 
panel with urethane foam backing 
up a thin brick veneer has also 
been developed. Polyesters, poly- 
ethers, and castor oil will all share 
in the market for structural uses 
of urethane. 

Since rigid foam can be easily 
fabricated with saws and other 
conventional equipment, it would 
appear to be a natural product for 
do-it-yourself structural uses, 
where a slab of urethane foam is 
nailed or glued to thin veneers— 
such as plywood—to provide 
structural strength and insulation. 
Uses would not be confined to 
building panels, but could also in- 
clude ceiling tiles, roof insulation, 
doors, etc. 

Packaging: The varying com- 
pression-deflection characteristics 
which can be formulated in poly- 
ester and polyether foams make 





TABLE |: Comparative insulating value of urethane foam 





Material 


Urethane (fluorocarbon blown) 
Urethane (CO, blown) 

Glass fiber 

Cork board 

Wood pulp 

Foam glass 

Cellular gypsum 


Density (lb./ft.’) 


K factor* 


2.0 
0.75 
2.0 
79 
16.2 
9.0 
30.0 


*The lowersthe K factor reading, the higher the insulating value of the material based on rate 


of heat transmission (or heat loss) 





urethanes a very versatile pack- 
aging material. At the moment, 
most applications are in the mili- 
tary and electronics equipment 
fields, where the object which is 
to be protected is frequently en- 
cased in a polyethylene bag and 
urethane is foamed around it. In 
effect, the electronics part, for ex- 
ample, is its own mold. For some 
applications, elaborate molds 
made of relatively inexpensive 
materials such as wood, are used 
to produce contours that will cra- 
dle the objects. 

Although the cost per board foot 
of urethane foams is high com- 
pared with such packaging mate- 
rials as curled hair, wadding, pa- 
per, etc., economic advantages are 
being obtained by ingenious use 
of all the properties of these 
foams. The versatile fabricating 
methods, which include die-cut- 
ting, laminating, spraying, wrap- 
ping, and foaming-in-place, make 
it possible to engineer packages to 
provide maximum protection with 
the minimum in weight and vol- 
ume. Consequently, fabricating 
distributors with imagination and 
some technical knowledge of the 
packaging field can find volume 
markets which have not been 
tapped in many large areas of the 
country. 

Consumer products: The trend 
toward larger carpeted areas and 
wall-to-wall covering encourages 
the use of underlayment, for 
which thin sheets of flexible ure- 
thane are particularly suitable, 
because they provide cushioning 
and are non-skidding. Since prop- 
erly formulated foam does not mat 
down, it imparts a luxurious feel 
even to less costly carpeting. 

An interesting specialty product 
consists of a coarse open-cell 
foam, similar to curled hair in 
texture and having between 10 
and 30 cells per linear inch, which 
is used as a washable filtering ma- 
terial for air conditioners, venti- 
lating equipment, etc. 

Polyester-based flexible foam 
is widely used for household 
products for such applications as 
ironing board pads, dish mops, 
clothes brushes, squeegees, etc. 
Toys and novelties are other mar- 
kets. Foam-backed knitwear is 
the latest innovation in the ap- 
parel field and shows much po- 
tential. 
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By HENRY E. ALLEN* 


Qne major type of vinyl foam in 
use today is the open-cell, flexi- 
ble foam made from PVC resins 
or copolymers. It resembles latex 
foam rubber and open-cell, flexi- 
ble polyurethane, but also pos- 
sesses important characteristics 
which differ from each of them; 
e.g., vinyl foam is a thermoplastic 
while the other flexible foams are 
thermosetting. Closed-cell, flexi- 
ble foam resembles closed cellular 
rubber foams although it offers 
added advantages in the aging, 
chemical resistance, and fire re- 
sistance properties of all vinyl 
materials. Closed-cell, rigid vinyl 
foam is analogous to foamed sty- 
rene, cellular cellulose acetate, 
and rigid polyurethane foams. 
The rigid foams which are being 
used for flotation purposes, such 
as buoys, throw rings, floats, etc., 
have little in common with the 
flexible vinyl foams being used 
for cushioning and padding. 

The flexible, open-cell foams 
are usually produced by incorpo- 
rating an inert gas with the liquid 
plastisol under pressure, releasing 
the mixture to the atmosphere, 
and curing the resultant foam. 
Closed-cell foams, both rigid and 
flexible, are normally made by 
incorporating a blowing agent 
which decomposes at fusion tem- 
perature, releasing gases (usually 
nitrogen) during the gelling and 
fusing period. Each of these types 
of vinyl foam formulations will 
be discussed below. 


Open-cell foam 


Open-cell, flexible foams are 
most commonly produced by a 
mechanical process whereby an 
inert gas, usually carbon dioxide, 
is mixed directly with the plasti- 
sol under pressure. In this proc- 
ess, which produces foam in 
commercial quantities,’ specially 
prepared plastisols are metered 
into a continuous mixing unit and 
are agitated under pressure. The 
amount of gas absorbed can be 
varied by regulating the temper- 
ature and pressure at which this 


*Consultant, 5 E. 57th St., N. Y. 22, N. Y¥.; 
formerly Mgr., Vinyl Foam Div., Union Car- 
bide Plastics Co., Div. of Union Carbide Corp. 
‘Elastomer Process; U. S. Patent 2,666,036. 
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mixing takes place. When the 
mixture is allowed to escape 
through the nozzle at atmos- 
pheric pressure, it foams and the 
reaction is very similar to that 
by which instant shaving lather 
is produced from an aerosol can. 

Vinyl foam may be produced by 
this method as either molded or 
slab stock. In producing the 
molded stock, the plastisol-gas 
mixture is injected directly into 
the mold as foam. The mold is 
then heated to fusion tempera- 
tures (approximately 360° F.) in 
a conventional circulating hot-air 
oven. When fusion of the mixture 
is complete, the mold is air cooled, 
opened, and the finished piece is 
stripped out. Density of products 
so made ranges from 3 to 5 Ib. per 
cu. foot. 

Slab stock is produced by dis- 
charging the plastisol-gas mixture 
onto a moving belt which carries 
the foam through a _ high-fre- 
quency fusion oven and then 
through a conventionally heated 
post-fusion oven. This last step 
compensates for radiation losses 
during high frequency heating. 
After cooling, the foam can be 
cut into standard lengths for 
shipment. If sheet stock is desired, 
the slab may be sliced horizon- 
tally into thickness of \%¢ to 4 in. 
and wound on rollers. Sheet stock 
is manufactured up to 56 in. wide 
and as long as 35 feet. 

Properties: During the manu- 
facture of open-cell vinyl foam, 
many modifications in the foam 
can be made by changing the 
plasticizer-to-resin ratio or by 
controlling the temperature at 
which the gas and the plastisol are 
mixed. The latter will modify the 
foam density while the addition 
or reduction of plasticizer in- 
creases or reduces the resiliency 
of the foam at a given density. 

To meet the requirements of 
one of the largest markets—furni- 
ture cushioning and padding— 
vinyl foam offers comfort and 
durability. Cushions molded from 
open-cell vinyl foam have proved 
to be soft and resilient without 
bounciness and have been widely 
accepted by the furniture indus- 
try. The retention of original di- 
mensions and maintenance of 


load-carrying ability are of prime 
importance in all types of seating 
applications. Vinyl foam takes 
minimum permanent set, and is 
remarkably resistant to shrinkage 
and loss of compression. 

Properly fused, the foam ex- 
hibits outstanding aging and 
stress characteristics. It does not 
oxidize, dry out, or harden and is 
not subject to hydrolysis during 
long periods of high humidity and 
heat. 

Flame resistance is another fea- 
ture which has accounted for 
vinyl foam’s popularity. The ma- 
terial is self-extinguishing, has 
passed A.S.T.M. D-1692 and MIL- 
R-0020092C (Ships) Class I, and 
its heat distortion point is approx- 
imately 220° F. 

Of course, the foam also has 
vinyl’s inherent resistance to most 
inorganic acids, alkalies, oils, 
greases, aliphatic hydrocarbons, 
and alcohols. Fabricated in white 
or in color, it has shown no tend- 
ency to fade or darken during use. 


Fabricating open-cell foam 


Because vinyl foam is a ther- 
moplastic, it lends itself to many 
uncomplicated fabricating proce- 
dures including electronic heat 
sealing, embossing, printing, and 
wire cutting techniques. It is 
easily bonded and will laminate 
to films, fabrics, and cloth by the 
application of heat. 

Electronic heat sealing: Sheets 
of open-cell vinyl foam are read- 
ily and inexpensively fabricated 
into finished products with elec- 
tronic heat sealing equipment. 
The only fixed investment is a 
heat sealing press and an air 
compressor. The dies for this ma- 
chine are inexpensive, ranging as 
low as $50, and standard heat 
sealing units can be used to form 
such varied end products as 
sponges, brushes, sun visors, arm 
rests, etc. Tear-seal dies may also 
be used to eliminate expensive 
die-cutting and trimming steps. 

Core- and contour-molding: In 
the molding of a vinyl cushion, 
the vinyl (in a liquid plastisol 
form) is first passed through a 
special unit where it is chilled 
and mixed with an inert gas (usu- 
ally carbon dioxide). At this 











stage, the desired density in the 
finished foam can be eontrolled 
by: 1) the temperature to which 
the foam is cooled (the higher 
the temperature the less the de- 
gree of gas absorption, and the 
higher the density); and 2) the 
pressure under which the gas and 
liquid are mixed together in the 
equipment. 

The mixture, which now has a 
whipped cream-like consistency, 
is then fed out of a nozzle and 
into a mold. Molds are generally 
made of aluminum and do not 
require the application of any 
mold release agent. A typical 
cushion mold would consist of a 
fabricated aluminum cover plate 
with hollow pins (that form the 
cores in the finished cushion) 
projecting down into the mold, 
and @ cast aluminum mold base. 

The filled molds next pass into 
a high velocity hot-air oven 
(electrically heated) where they 
are subjected to approximately 
365° F. for about 25 minutes. 
From there, the molds are con- 
veyed to a cooling tunnel where 
the temperature of the foam is 
brought down to about 100 to 
150° F. Cooling cycle is about 
10 minutes. Finished cushions are 
now ready to be stripped from the 
molds, after the cover plate is re- 
moved. 

If an integral, textured skin is 
desired on the cushion, an unex- 
panded liquid plastisol is first 
brushed, sprayed, or slush molded 
onto the preheated mold surface. 
Foam is then added, the mold 
cover plate is positioned, and the 
entire assembly is fused, cooled, 
and stripped as a single unit. 
Thus, the entire hand upholstery 
operation can be eliminated. 

Slab or sheet trimming: De- 
sign requirements for furniture 
and transportation seating often 
prevent the use of thick molded 
cushions. Instead, slabs or sheets 
of vinyl foam can easily be 
adapted to these applications, 
since they can be trimmed to size 
with conventional slicing or split- 
ing operations. The fire resistance 
of vinyl foam plus its comfort has 
promoted many such applications. 


Open-cell foam applications 


Within the past year, molded 
vinyl foam cushions have been in- 
corporated into several popularly- 


priced furniture lines. The inher- 
ent light weight, ease of cleaning, 
and durability of these contoured, 
cored, fully reversible, vinyl 
cushions have allowed them to 
successfully replace many older, 
more conventional materials in 
the large-volume furniture mar- 
ket for flexible foams. 

Because the flexibility and re- 
silience of vinyl foam can be con- 
trolled quite easily during the 
manufacturing process, cushions 
of identical appearance can have 
markedly different cushioning 
characteristics. This provides a 
measure of versatility for the 
cushion manufacturer. 

Vinyl foam takes minimum per- 
manent set and does not shrink; 
therefore, it is ideally suited for 
use with well-designed upholstery 
material. Of course, the biggest 
advantage to a furniture manu- 
facturer is the lower cost of vinyl 
foam for cushioning and padding. 

The use of vinyl foam sheets 
has also proved very applicable 
for specialty items such as lint 
brushes, sun visors for automo- 
biles, cushioned foot pads, and 
similar end products. 


Closed-cell foam 


In discussions of closed-cell 
vinyl foam, it is convenient to 
classify the foams according to 
density. Applications requiring 
relatively low density (3 to 10 
lb./cu. ft.) are commonly manu- 
factured by a process called 
pressure-blowing or closed-mold 
blowing. The most important 
blowing agents used in the rigid 
or semi-rigid vinyl foam proc- 
esses are the nitrogen-producing 
compounds, and generally this 
gas is released by a chemical de- 
composition caused by heat. 
Thousands of tiny bubbles are 
formed within the plastisol and 
foam is produced. 

Closed-mold blowing: This 
technique utilizes a sealed mold 
in which relatively thick sections 
of closed-cell vinyl foam are pro- 
duced. The expansion may be 
completed outside the mold, but 
the foam usually retains the de- 
tails and proportion of the mold. 

Of course, caution must be 
exercised because of the pressure 
build-up within the mold. An im- 
properly stabilized vinyl system 
may break down, and this added 


pressure must be taken into con- 
sideration during the calculation 
of a safety factor. A typical mold- 
ing cycle starts with the mold, 
filled with the unexpanded plasti- 
sol paste, clamped in a steam- 
heated press. The cycle may 
range from 15 to 25 min. at 320 to 
350° F. Following this fusion pe- 
riod, the closed-mold is cooled. 
The center of the plastic mass 
should be well below 200° F. be- 
fore the mold is opened; other- 
wise, rupture of the soft stock 
may occur. 

The piece at this point is par- 
tially expanded, and it is brought 
to its maximum expanded size by 
heating for approximately one 
hour at temperatures of about 
220° F. Additional annealing may 
be advantageous and is usually 
accomplished by maintaining the 
piece at temperatures of from 130 
to 150° F. for several hours. 

Foam sections produced by this 
closed-mold technique are neces- 
sarily limited in size. The foam 
can, however, be easily sliced. 

Where large sections of rigid 
foam are required, the user will 
probably look to atmospherically 
blown foams although these will 
usually have medium to high 
density (10 to 45 lb./cuft.). 

Foam thus produced usually 
contains a large percentage of 
interconnecting cells although 
manufacture of closed-cell foams 
is sometimes possible. Because of 
this, if finished products require 
optimum flotation or insulation 
properties, closed-mold _ tech- 
niques instead of atmospheric 
blow are used. 

The atmospheric method in- 
volves casting plastisol into an 
open mold or coating a web with 
vinyl dispersions into which a 
blowing agent has been mixed. 
The material is then fused at 
temperatures of 330 to 400° F. and 
allowed to expand at atmospheric 
pressure. The blowing agent-plas- 
tisol ratio in this process is gen- 
erally much lower than in the 
closed-mold method. 

Two systems are commonly 
used for producing atmospheri- 
cally blown closed-cell vinyl 
foams and are called post-fusion 
and pre-fusion expansion tech- 
niques. The first utilizes a blowing 
agent which decomposes at the 
fusing temperature while the lat- 
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ter involves less stable agents that 
will decompose completely at 
temperatures near 175° F. and 
slowly produce gas even at room 
temperatures. This process can be 
marketed as a two-package prod- 
uct; the buyer mixes the ingredi- 
ents just prior to use. 
Post-fusion allows the plasti- 
sols to be applied by spraying, 
knife or roller coating, hot or cold 
dipping, slush molding, and cast- 
ing. The post-fusion process thus 
permits gaskets to be foamed in 
situ for refrigerator doors and 
drum liners. The excellent sealing 
and weather resistance of these 
closed-cell foams have made them 
popular as weather stripping. 
The pre-fusion technique pro- 
duces closed cell vinyl foams with 
excellent cell structure. Densities 
range up from 10 Ib./cu. foot. 


Properties and uses 

Foams produced by both the 
pressure-blow and atmospheric- 
blow methods can be varied from 
rigid to flexible by the adjustment 
of the plasticizer content. Some 
rigid closed-cell vinyl foams have 
excellent shock-tear-abrasion re- 
sistance and are also relatively 
unaffected by the action of most 
oils, salt water, and acids. For in- 
sulating use, closed-cell foams 
have a K factor of about 0.27. 

Semi-rigid closed-cell foams 
have already been used widely 
for marine applications such as 
boat fenders, life buoys, fish net 
floats, and kick boards. This ma- 
terial has also been used as in- 
sulation and should find increased 
use in such areas as refrigerator 
rooms, trucks, and railway cars. 

Flexible closed-cell foams are 


By G. C. KIESSLING* 


Expandable polystyrene is pro- 
duced as free-flowing beads con- 
taining an expanding agent. When 
exposed to heat, these beads will 
expand to over 60 times their 
original volume—to as low as 1 
Ib./cu. foot. 

The foam so made aiso offers a 
number of unique physical, chem- 
ical, and electrical properties. 


*Technical director, Expandable Polystyrene 
Development Dept., Plastics Div., oppers 
Monaca, Pa 


Co., Inc., 
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also noted for their buoyancy and 
insulating values. They have been 
used in protective wear, i.e., hel- 
mets, shoulder pads, and knee 
pads. Perhaps a more spectacular 
use is their incorporation in sur- 
vival suits. Innersoles for shoes, 
molded grommets, and molded 
earphone pieces are other appli- 
cations worthy of note. 


Vinyl foam coatings 

Newest interest in vinyl foams 
has centered on calendered or 
cast foam-coated fabrics that offer 
the soft hand and feel of fine 
leather (at % to % the cost) and 
better drape and more serviceable 
characteristics than straight vinyl- 
coated fabrics. 

In producing the foam-coated 
fabrics by calendering, a chemical 
blowing agent in “solid form” 
(generally a high-blow agent 
such as azodicarbonamide) is first 
added to the vinyl formulation. 
Calendering is done in the normal 
manner, taking care only that the 
temperatures be kept below 340° 
F. so that the blowing agent does 
not decompose. The “unblown” 
formulation can be calendered di- 
rectly onto a fabric or it can be 
calendered into unsupported “un- 
blown” sheeting that can subse- 
quently be laminated to the fabric 
backing. To complete the con- 
struction, a straight vinyl film is 
also laminated to the top of the 
“unblown” core. 

The entire 3-ply sandwich— 
film surface, “unblown” core, and 
fabric backing—is then passed 
through an oven at temperatures 
in excess of 380° F. At these tem- 
peratures, the agent decomposes 
and the blow is effected. The core 









is a closed cell foam, usually in a 
density range of 15 to 30 Ib./cu. 
foot. 

When using the dispersion coat- 
ing technique, the most common 
procedure involves first casting the 
top surface vinyl film layer on a 
metal belt or other release sur- 
face. After this layer has gelled, 
it is then passed through a re- 
verse roll coater and the vinyl 
plastisol formulation with the 
blowing agent incorporated into it 
is laid on top of the film. This is 
immediately followed by lamina- 
tion to the fabric base. The com- 
bination is then passed through an 
oven for simultaneous blowing of 
the foam core and fusion of the 
three elements into a single-unit 
construction. Azodicarbonamide 
blowing agents as well as such 
low-blow agents as N,N’-di- 
methyl-N,N’ -dinitrosoterephthal- 
amide (which produce an open- 
cell foam) can be used with this 
casting technique. 

It is interesting to note that 
other manufacturers are using the 
concepts involved in making the 
vinyl foam-coated fabrics in con- 
ventional extrusion and molding 
techniques. The blowing agent is 
simply incorporated into the ex- 
trusion or molding compound by 
tumbling or Banbury mixing. 
During processing, the agent de- 
composes under heat to create the 
cellular construction. By control- 
ling the amount of blowing agent 
incorporated, by careful mold or 
die design, and by balancing the 
heating and cooling cycles, a con- 
struction can be created that of- 
fers a solid vinyl skin and an in- 
tegral cellular core in which den- 
sity is relatively high. 








They are: closed-cell structure, 
controllable density, low thermal 
conductivity (K factor), low water 
absorption, low water vapor per- 
meability, toughness, excellent di- 
electric characteristics; all-around 
adaptability; dimensional stability 
at ambient temperatures up to 
185° F.; resistance to acids, alka- 
lies, and the lower alcohols, but 
susceptibility to attack by poly- 
styrene solvents such as ketones, 
esters, and aromatic and chlori- 
nated hydrocarbons. 





The foam does not embrittle at 
low temperatures. Unnotched im- 
pact tests on specimens at a den- 
sity of 2 lb./cu. ft. stored at —100° 
F. for 48 hr. indicated no loss in 
impact resistance. 

The K factor (coefficient of 
thermal conductivity) of the foam 
is 0.242 at 2 lb./cu. foot (A.S.T.M. 
test method C-177-45). The K 
factor varies somewhat with den- 
sity, with a minimum value be- 
tween 1 and 2 Ib./cu. foot. 

The water absorption of the 
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have expandable styrene foam as core material. The polystyrene is 
foamed at controlled densities (Photo, Koppers) 


foam is extremely low because of 
the non-interconnecting cell struc- 
ture. The water absorption, after 
48 hr. immersion under hydro- 
static pressure equivalent to 10 ft. 
of water, is less than 1.0% by 
volume at 2 lb./cu. ft. density. 
The very low water vapor trans- 
mission rate is 1.0 to 1.7 grains/ 
hr./sq. ft./in. of thickness/in. Hg 
vapor pressure difference (by 
A.S.T.M. method C-355-54T). 
Colored foam polystyrene prod- 
ucts can be molded from expand- 
able polystyrene pellets available 
in a selection of colors. 
Self-extinguishing grades of ex- 
pandable polystyrene meeting the 
requirements of A.S.T.M. Desig- 
nation D-1692-59T and Under- 
writers’ Laboratories are now 
commercially available. 


Applications 


One of expandable polystyrene’s 


early—and still growing—uses 
was in the manufacture of toys, 
novelties, and displays. Silk- 
screened, dry-colored, and art- 
fully beribboned articles in this 
category have found popular ac- 
ceptance. 

Expandable polystyrene has also 
found a ready market in low-cost, 
low-temperature insulation, e.g., 
low-temperature pipe insulation. 
Board insulation is finding enthu- 
siastic. acceptance for the con- 
struction of coolers and freezers. 


Refrigerator drip trays, freezer 
evaporators, evaporator supports, 
and liner shields of expanded 
polystyrene are being extensively 
used in the refrigeration industry. 

Low-density expandable poly- 
styrene is being used successfully 
in many consumer, industrial, and 
military packaging applications. 
Its light weight, cushioning prop- 
erties, water resistance, and insu- 
lating qualities have led to its use 
for shipping containers for type- 
writers, fragile glassware, and 
perishable foods and drugs. Deli- 
cate parts may be cushioned ef- 
fectively in dunnage molded from 
the beads. 

One of the most interesting 
packaging applications of expand- 
able polystyrene has been found 
in combining it with corrugated 
board and cartons and wire-bound 
boxes. Expandable polystyrene in- 
serts in combination with corru- 
gated boxboard have been used to 
package electric starters and 
switches; they reduce the cost and 
the weight, as well as the volume 
of space required in storing and 
shipping of the final articles. The 
use of a molded package in com- 
bination with a wire-bound box 
was also introduced in the pack- 
aging of acid carboys. This appli- 
cation is expected to be extended 
to many other glass packaging 
uses. 

Foamed polystyrene core box- 


board has recently appeared on 
the market, offering greatly in- 
creased wet strength, excellent 
insulation, and enhanced cushion- 
ing over conventional materials. 

Sandwich constructions in which 
the expandable polystyrene is 
foamed at controlled densities be- 
tween sheets of plastic, plywood, 
or aluminum show promise in the 
construction field. Its use as a 
backingboard for thermal insula- 
tion of aluminum siding has been 
very successful. 

A plant for the production of 
sandwich panels with expandable 
polystyrene cores is currently pro- 
ducing panels for the home build- 
ing industry. 

Expandable polystyrene also 
has exceptional buoyancy charac- 
teristics and fitted moldings are 
already being used in boats, buoys, 
etc., to replace air tanks. Punctur- 
ing cells filled with such molded 
pieces does not affect buoyancy 
characteristics. Small sailing craft 
up to 12 ft. in length have been 
completely molded of expandable 
polystyrene. 

Expandable polystyrene has 
found novel use in molding of cos- 
metic jars and powder boxes. 

Several applications of extruded 
expandable polystyrene film or 
sheet have been commercialized. 
Extruded sheet, laminated to 
paper, is used in drinking cups to 
provide insulation against the heat 
of hot coffee and other hot liquids. 
Also added to the new field of ex- 
pandable polystyrene has been the 
use of extruded sheet for packag- 
ing purposes. One manufacturer 
has introduced a wide variety of 
thin sheets of extruded expand- 
able polystyrene to be used for 
decorative overwraps and other 
wrapping applications. The ex- 
truded expandable polystyrene 
film and sheet has been embossed, 
metallized, and otherwise treated 
to give it some significant novelty 
in the wrapping field. Vacuum 
forming of this material can pro- 
vide new applications for the thin 
expandable material. Such appli- 
cations include plates, cups, meat 
trays, and other articles. 


Techniques 

The foaming of expandable 
polystyrene beads ordinarily com- 
prises two separate steps: 

1) Unconfined heat pre-expan- 
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sion of the virgin beads (the 
translucent beads or pellets as- 
sume an expanded shape and be- 
come white in color); and 2) 
further heat expansion of the pre- 
expanded material within the 
shaping confines of a mold to pro- 
duce a smooth-skinned, closed- 
cell foam of controlled density, 
registering every mold detail. 

Extrusion is the chief exception 
to this two-step operation. 

A new technique in extremely 
high-volume, thin-wall molding 
has made possible an insulating 
foam polystyrene cup which is 
competitive with paper cups for 
hot and cold liquids. 

Pre-expansion techniques: Batch 
pre-expansion is suitable for small 
quantities of the beads for experi- 
mental purposes, if close control 
of the pre-expanded density is not 
critical. In such instances a com- 
mon infra-red bulb is mounted 4 
to 5 in. above a tray, beads are 
distributed in a thin layer over the 
bottom of the tray, and expanded 
by the heat from the lamp. Other 
techniques are hot water and oven 
pre-expansion. These are mainly 
suitable for laboratory or develop- 
ment work. In the former, beads 
are submerged in boiling water 
and kept slurried by a stirring 
device; in the latter, beads are 
sprinkled on a tray which is then 
placed in an oven at approxi- 
mately 275° F. 

In all the other techniques de- 
scribed below, the beads are pre- 
expanded to the approximately 
required density to ensure uni- 
form expansion. 

The most successful and adapt- 
able method of pre-expansion 
utilizes continuous expansion by 
means of steam.' In this process, 
the unexpanded beads are con- 
tinuously aspirated by steam into 
a drum. Revolving rods prevent 
fusion within the drum. Pre-ex- 
panded beads emerge continu- 
ously from the top of the pre- 
expander and are conveyed by air 
to suitable storage bins. This 
method permits controlled pro- 
duction of densities between 1 Ib./ 
cu. ft. and 20 Ib./cu. ft. at high 
rates. One available model, with a 
200-gal. drum, operating continu- 
ously, can pre-expand 300-Ib.- 
per-hour at 1-Ib./cu. ft. density. 

Radiant (infra-red) heat ex- 


atent applied for by Koppers Co., Inc. 
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pansion utilizes an endless con- 
veyor belt which passes a layer of 
beads under a bank of electric 
heating elements. The slower the 
belt speed, the lower the density 
of the product. Limitations of this 
process are low production rates; 
a minimum pre-expanded bulk 
density of 2 lb./cu. ft.; and some 
fire hazard. 

Prior to molding, the pre-ex- 
panded beads are generally “aged” 
or stored to permit stabilization of 
air pressure within the foam cells. 
The length of storing time varies 
inversely with the density and 
amounts to between 12 and 48 hr. 
for a 1 Ib./cu. ft. density. Experi- 
mental work to eliminate this step 
in the production cycle is in prog- 
ress and it is hoped may be suc- 
cessful. 


Molding methods 


Expandable polystyrene can be 
molded by several different mold- 
ing techniques: steam chest; 
steam probe; autoclave; conduc- 
tion heating; and induction heat- 
ing. The selection of the proper 
method depends on a variety of 
factors, including the size, con- 
figuration, density or maximum 
thickness of the finished part, and 
the volume of production. Steam 
chest molding is the most com- 
mon of the commercial techniques 
employed. 

Steam chest: In this method, 


PACKAGING application for 
expandable styrene is inner 
liner (bottom) for shipping 
appliance unit. Liner easily 
slips into corrugated box 
(top) and replaces cumber- 
some corrugated liner (cen- 
ter) (Photo, Koppers) 


steam is introduced directly from 
the steam chest into the mold 
cavity either through holes drilled 
through the mold or core box 
vents located in the mold walls. 
Single- and multiple-cavity molds 
with steam chests are suitable in 
hydraulic or air cylinder clamp- 
ing presses. They may also be 
used without presses, if a suit- 
able clamping method is provided 
for the mold. New developments 
in horizontally-moving platen 
presses today afford a completely 
automatic cycle. 

Autoclave: Certain articles are 
successfully formed by exposing 
a filled, perforated mold to steam 
within an autoclave. This method 
allows for cooling outside of the 
autoclave and therefore permits 
high production rates, but with a 
higher mold cost. 

Steam probe: For most foam- 
ing-in-place applications, sand- 
wich construction, or various large 
area, thick-section applications, 
steam probes are used for steam 
introduction into mold cavities. 
Aluminum, brass, or copper tubes 
are sealed at one end and perfo- 
rated. The other end is attached 
to a flexible hose or a multiple 
probe header. The cavity, or mold, 
is filled with pre-expanded beads 
of the required density, probes are 
withdrawn immediately after 
steam-injection and the expan- 
sion of the polystyrene fills the 
space previously occupied by the 
probes. Air, water spray, or water 
immersion cooling are all capable 
of being used with this particular 
technique. 

Conduction heating: This meth- 
od involves the use of molds which 
do not provide for direct intro- 
duction of steam into the cavity 
from the steam chest. The method 
is suitable for uniform thin-wall 
moldings, but is not recommended 
for wall thicknesses greater than 
Y% inch. 

Dielectric expansion: A radi- 
cal departure from the conven- 
tional steam expansion and 
molding process for expandable 
styrene, the technique for dielec- 
tric molding in which high-fre- 
quency energy is used to produce 
the steam that in turn expands 
and fuses the beads together, is 
now undergoing extensive labo- 
ratory work. Essentially, the 
process works as follows: the 











beads are pre-expanded to the 
desired density, as in steam mold- 
ing, and are then generally stored 
for several hours so that they will 
stabilize without any danger of 
collapsing. At some point between 
pre-expansion and mold-filling, 
the beads (as they are currently 
commercially available) have to 
be especially treated so that they 
can be processed dielectrically. 
The beads are then fed into the 
mold in predetermined quantities 
and the mold is closed or the 
beads otherwise contained. Final 
expansion and fusion takes place 
in a dielectric heating unit. 
Injection molding styrene beads 
(generally dry blended with 
polystyrene molding compound 
or reground materials) produces 
a product that consists essentially 
of a foamed core surrounded by 
a smooth, hard, non-cellular poly- 
styrene surface skin. Any stand- 
ard injection molding machine 
equipped with a plunger pre- 
positioning mechanism can be 
used. Pre-positioning the plunger 
to seal the feed opening of the 
cylinder after the raw material 
has been added is necessary. By 
pre-positioning, the mass of ex- 
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By H. W. TENNEY, JR.* 


Expanded polystyrene is pro- 
duced by expanding melted poly- 
styrene as much as 40 times its 
original volume. The range of 
commercial densities is 1.6 to 4.5 
Ib./cu. foot. White Styrofoam! 22 
is available in the form of cut 
boards, billets, and rough planks 
at an average density of 1% lIb./ 
cu. foot. Green boards are pro- 
duced for the floral industry. A 
newly developed blue flame-re- 
tardant Styrofoam is available at 
an average density of 1.9 Ib./cu. 
ft. in three forms: 1) insulation 
board (cut boards for low tem- 
perature insulation); 2) con- 
struction board (wide cut boards 
for sandwich panel applications); 
and 3) fabrication billet (billets 
for the fabrication of packaging 
parts, special insulation items, 
etc.). Also available are medium- 
density Styrofoam HD-1 at an 


* Plastics Technical Service, The Dow Chem- 
ical Co.,” Midland, Mich. 
* Trademark of The Dow Chemical Co. 
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pandable polymer is trapped and 
held under pressure while being 
heated. The molten expandable 
polystyrene expands after it 
leaves the nozzle and enters the 
mold cavity. 


Extrusion 

Extrusion: Tubing, film, sheet, 
and profiles of varying densities 
can be produced using conven- 
tional plastic extrusion equip- 
ment. The extruder is equipped 
with specially designed dies and 
take-off equipment which are in- 
tended to control dimensions and 
densities of the product. The fin- 
ished extrusion is non-friable, 
the surface presenting a smooth, 
even appearance with the absence 
of individual bead boundary lines. 
Conventional extruders with low 
compression screws can be used 
with special formulations. 

Once extruded, the end product 
offers all of the advantages of 
styrene foam—insulating effici- 
ency, low moisture absorbency, 
light weight, and economy—yet 
is as easy to handle, fabricate, or 
convert as any other extruded 
thermoplastic material. Profiles, 
shapes, tubes, etc., for example, 


can easily be machined into flo- 
tation items, packaging platforms 
and inserts, or a variety of similar 
products. Film can be laminated 
to high-impact polystyrene sheet 
and then vacuum formed into 
packages that combine the tough- 
ness, rigidity, and heat resistance 
of high-impact polystyrene with 
the insulating properties and at- 
tractive satin texture of the 
foamed sheet or film. Or it can be 
laminated directly to paper to 
provide a moisture and grease 
barrier—or to cardboard that can 
then be folded into a carton with 
its own integral cushioning in- 
terior. Like other films, it can be 
run, with slight modifications, on 
conventional automatic bag mak- 
ing equipment or it can be spiral 
wound into containers. 

Extruded sheet may be formed 
continuously as it comes from the 
extruder, before it cools com- 
pletely, by vacuum forming or by 
compression molding. The ex- 
pandable polystyrene sheet may 
also be vacuum formed in conven- 
tional equipment into a variety of 
shapes. For best results, the depth 
of the draw should not exceed 
the width of the opening. 





average density of 2% lb./cu. ft. 
and high-density Styrofoam HD- 
2, with an average density of 
about 4% Ib./cu. foot. 

Because of the material’s excel- 
lent insulation and water resist- 
ance properties, a special material 
for the roofing industry is now 
commercially available. Roof- 
mate,! which is made up of an 
expanded polystyrene foam core 
wrapped in asphalt-laminated 
kraft paper, is obtainable in 2 by 
4 ft. boards and several thick- 
nesses. Another form of expanded 
polystyrene is a black perimeter 
insulation material, Scorbord,! 
which is prescored to permit 
rapid installation. 


Applications and properties 


Among the attributes that 
make polystyrene foam useful 
for thermal insulation in build- 
ing construction is a compressive 
strength high enough to permit 
the placing of concrete or metal 
floors directly over the material 


without additional support. The 
unicellularity of the foam pre- 
vents the absorption of water or 
water vapor and insures against 
any decrease in insulating effi- 
ciency. This is of great impor- 
tance in applications where freez- 
ing temperatures may be encoun- 
tered. 

The low thermal conductivity, 
good structural strength, and 
rough surface texture of polysty- 
rene foam facilitates its use as a 
combination insulation and plas- 
ter base in residential masonry 
construction. Direct plastering 
over the foam is entirely practi- 
cal; the surface requires no 
preparation. 

Expanded polystyrene form 
boards are being used extensively 
in the construction of architec- 
tural thin shell roofs. By con- 
touring the foam boards to the 
forms and pouring a reinforced 
concrete roof directly over them, 
the foam remains permanently 
bonded to serve as thermal insu- 
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lation and a base for the interior 
ceiling finish. One advanced tech- 
nique has been developed for the 
construction of hyperbolic para- 
boloid roofs using offset wire net- 
works with foam boards directly 
supporting the concrete until it 
cures. 

The high shear-strength of 
polystyrene foam makes it an 
excellent core material for sand- 
wich panel construction, espe- 
cially where a lightweight insu- 
lating panel is required. 

These same insulation and 
strength properties make it 
widely accepted for use in re- 
frigerated truck bodies and rail- 
road cars. It is used in construc- 
tion of the walls, floors, and 
ceilings of these vehicles. 

Packages and display platforms 
fabricated from polystyrene foam 
offer both a pleasing appearance 
and a measure of protection for 
the contents. The foam will ab- 
sorb considerable shock on im- 
pact and can be used to protect 
fragile articles in shipping and 
warehouse handling. 

Polystyrene foam is used ex- 
tensively in the field of buoyancy 
because of its light weight and 
closed-cell structure. With a 
buoyancy factor of 55 Ib./cu. ft., 
it is used by boat manufacturers 
to replace airtight compartments 
and by manufacturers of life 
rafts, swimming rafts, aqua- 
planes, navigation buoys, and 
floating docks. The combination 
of superior thermal insulating 
and buoyancy properties are used 
to full advantage in the construc- 
tion of tankers and passenger 
ships. 

The floral field finds the foam 
useful because of its light weight, 
attractiveness, colorability, and 
the fact that its cellular structure 
holds the stems of flowers firmly 
in place. The display and novelty 
field uses the foam for holiday 
decorations, window and counter 
displays, carvings, and signs. 


Foam fabrication 


The foam can be cut with con- 
ventional hand or power wood- 
working tools. As examples, 
symmetrical objects may be fab- 
ricated by feeding a flat blade 
having the desired contour into a 
rotating piece of foam, or a piece 
may be hollowed out with a flat 
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BUOYANCY choracteris- 
tic of expanded styrene 
foam is dramatically il- 
lustrated by the use of 
blocks of the material to 
float docks for berthing 
160 boats in a West 
Coast yacht harbor 
(Photo, Dow Chemical.) 


blade router. Non-symmetrical 
pieces are either carved by hand 
or on a multiple woodcarving 
machine. In any type of mechan- 
ical cutting, it is generally most 
satisfactory to operate the mov- 
ing part at high speed using a 
slow feed. 

Plain and curved surfaces may 
be cut with an electrically heated 
wire. In using this method, a piece 
of the foam is fed into a shaped 
Nichrome wire or ribbon that is 
held at a temperature just below 
red heat. 

Thin sections of the foam can 
be successfully die cut. Either a 
heated melting-type cutter or a 
shear-type cutter may be used, 
depending on the size and shape 
of the piece being fabricated. 

Fabricating areas should be 
equipped with adequate ventila- 
tion systems to remove the blow- 
ing agent, methyl chloride, re- 
leased on cutting through the 
cells. 


Bonding the foam 


Polystyrene foam may be suc- 
cessfully bonded to itself and to 
most other materials, including 
masonry, wood, cloth, paper, 
glass, and metal. There are many 
factors to be taken into account, 
however, when selecting the 
proper adhesive. 

Drying-type (setting by evap- 
oration of a liquid) adhesives 
containing active solvents, which 
attack styrene, such as aromatic 
and chlorinated hydrocarbons, 








ketones, and esters, are generally 
not satisfactory for use with poly- 
styrene foam. 

Adhesives containing non-sol- 
vents for polystyrene, such as 
water and the lower alcohols, are 
satisfactory in applications where 
the solvent can evaporate. This 
group includes the many water- 
dispersed emulsion and latex 
types of adhesives. They are gen- 
erally suited only for bonding the 
foam to vapor-porous materials, 
e.g., wood, masonry, paper, and 
cloth. However, they can be used 
on non-porous materials if suffi- 
cient time is allowed to permit 
the adhesive to dry partially be- 
fore the bonding surfaces are 
joined, or where spot or serrated 
application gives sufficient bond 
strength. 

Adhesives containing naphtha 
as a solvent can often be used if 
caution is observed. These adhe- 
sives should be applied to mate- 
rial to which the foam is to be 
bonded and most of the solvent 
allowed to evaporate before the 
foam is finally put in place. 

Cold-setting types of adhesives 
that harden and set by a chemi- 
cal process are generally well 
suited for bonding polystyrene 
foam. It is important, however, to 
test whether the adhesive will 
bond to the material to which the 
foam is to be adhered. The adhe- 
sives in this group include water- 
reactive materials (portland ce- 
ment, plaster of paris, etc.), and 
the types that set by polymeriza- 
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tion and/or oxidation (epoxies, 
phenolics, resorcinols, ureas, 
etc.). 

Polyester resins containing sty- 
rene monomer are not satisfac- 
tory unless the foam is protected 
against the solvent action of the 
monomer. 

Hot-melt adhesives, usually as- 
phalt or wax-based materials, 
may be used if they have a work- 
able fluidity at temperatures be- 
low 300° F. The foam distorts 
when subjected to prolonged ex- 
posure at 170° F. It can, however, 
be immersed in a molten adhesive 
for a short time, long enough to 
obtain a coat of adhesive. The 
maximum temperature is 300° F. 

Many types of surfacing mate- 
rials can be applied and adhered 


to polystyrene foam because of 
its tough surface. Plaster, pulp 
plaster (for lighter weight), and 
rubber- and asphalt-based wa- 
ter-dispersed weather coatings 
can be applied directly on the 
foam. Epoxy resins are also ex- 
cellent surface coatings for the 
foam and can even be reinforced 
with glass fibers. 

The foam can be painted to 
practically any desired color. 
Care should be taken, however, 
to see that the solvent used in the 
paint is not one that will attack 
polystyrene foam. In _ general, 
paints used should be based on 
film formers that are dispersible 
or soluble in aliphatic hydrocar- 
bons, alcohol, or water. 

Spraying is the most satisfac- 
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Cellular polyethylene is a natu- 
ral polyethylene which contains a 
great number cf small isolated 
cells filled with inert gas. It is 
produced by heating an expand- 
able compound until the resin 
softens and the blowing agent 
particles, dispersed throughout 
the resin, release tiny cells of 
gas at a great number of points 
within the mass. 

Cellular polyethylene is nor- 
mally produced at densities of 
about half that of the base resin: 
*Product Development Engineer, Union Car- 


bide Plastics Co., Div. of Union Carbide Corp., 
270 Park Ave., New York 17, N.Y 


tory technique for coating the 
foam but brushing and dipping 
are often used with good results. 

Water-based paints are most 
successful for applying a colored 
surface to the foam, although the 
resulting surface is not glossy and 
two or three coats are sometimes 
necessary to cover surface cells. 

Coatings of varying hardness 
and flexibility may be formulated 
from alcohol-soluble, film-form- 
ing materials, such as ethyl cel- 
lulose, shellac, and _ polyvinyl 
acetate. These coatings provide 
tough protective surfaces and 
also may be pigmented or dyed 
to give glossy colored surfaces. 
The foam can also be colored by 
using water or alcohol-soluble 
dyes. 





at this density it retains many of 
the properties of polyethylene— 
chemical-, moisture-, and abra- 
sion-resistance, plus flexibility 
and toughness. Some physical 
properties of solid and cellular 
polyethylene wire insulation are 
given in Table I, below. 

Cellular polyethylene finds use 
as primary insulation for commu- 
nications cable (coaxial cables 
and television lead-in wire), be- 
cause its good electrical charac- 
teristics, at all frequencies up to 
10° cycles per sec., hold line 
losses and electrical attenuation 
to a minimum. The lower dielec- 
tric constant of cellular polyeth- 





TABLE |: Typical properties of polyethylene insulation 





Property 


Tensile strength", p.s.i. at 23° C. 
Elongation", % 


Dielectric strength A.S.T.M. D-149-55T 
Short time at 0.125-in. thickness, v./mil 
Step by step at 0.125-in. thickness, v./mil 


Specific gravity, 23/23° C. 
Mandrel bend” at —55° C. & 2X 
Dissipation factor at 1 ke. 
10 ke. 
50 ke. 
Dielectric constant at 1 kc. 
10 ke. 
50 ke. 
Compression loading’, p.s.i. 


*32-mil specimen stripped from No. 14 AWG wire 


Solid 
polyethylene 


Cellular 
polyethylene 
2180 670 

600 310 


550 

500 
0.92 
O.K. 
0.00620 
0.00020 
0.00020 
2.28 
2.28 
2.28 
1550 


»Test made en a No. 14 AWG wire with a 93-mil polyethylene coating. 
Test made on a No. 14 AWG wire with a 32-mil polyethylene coating. 





ylene permits the space between 
conductors to be reduced without 
increasing the characteristic im- 
pedance. Consequently, 1) atten- 
uation may be reduced by in- 
creasing the size of the inner 
conductors without increasing 
the over-all diameter; or 2) 
weight may be reduced by de- 
creasing the over-all diameter 
without decreasing the size of the 
inner conductors. 

When immersed in water, the 
power factor of cellular poly- 
ethylene increases only slightly 
more than the power factor of 
solid polyethylene; dielectric 
constants do not increase signifi- 
cantly for either. The uncon- 
nected cells in cellular polyeth- 
ylene do not become filled with 
water, because of a balancing of 
external and internal vapor pres- 
sures; the slight weight gain that 
occurs (Fig. 1, p. 403) is due 
mainly to vapor build-up within 
the entrapped gas, and to ab- 
sorption of residue from the blow- 
ing agent. 

The combination of moisture- 
resistance, good insulating quali- 
ties, and buoyancy of cellular 
polyethylene insulation made 
floating geophysical cable pos- 
sible. This construction permitted 
the use of more complicated com- 
munication systems and signal 
transmission over greater dis- 
tances. 

In the 0.42 specific gravity 
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range, cellular polyethylene has a 
thermal conductivity of about 0.8 
B.t.u./in./hr./ft.2/°F. Since this 
conductivity is high compared to 
commercial thermal insulations, 
it cannot compete in cost, unless 
its other properties provide spe- 
cial advantages. For example, the 
excellent chemical properties and 
low moisture transmission of cel- 
lular polyethylene suggest its use 
as an insulator for chemical labo- 
ratory refrigerators and _ cold 
boxes. Its relatively low melting 
point restricts its use at tempera- 
tures below 90° C. 

Cellular polyethylene, in the 
form of extruded rod, disks sliced 
from rods, and disks stamped 
from sheeting, has also been used 
in such diverse applications as 
lightweight spacers, bumpers on 
small boats, floats, and cap liners. 


Biowing agent 


Blowing agents used in produc- 
ing cellular polyethylenes are 
thermally - sensitive chemicals 
which liberate large volumes of 
gas per unit weight within a nar- 
row temperature range. Table II, 
below, gives data for two commer- 
cial blowing agents which were 
ground to particle sizes of a few 
microns to assure fine cell struc- 
ture. Properties of blowing 
agents, the liberated gases, and 
the solid residues may all be crit- 
ical. The blowing agent must be 
selected to suit properties re- 
quired of the resin for fabrica- 
tion, and to meet the service re- 
quirements of the finished article. 
For example, a blowing agent for 
critical electrical applications, the 
gases liberated, and the solid resi- 
due must be non-hygroscopic and 
as non-polar as possible. For food 
containers, blowing agents and 
their residues must be non-toxic. 
In decorative sheets, color stabil- 
ity is an absolute necessity. 


Extrusion technique 

Extrusion is the most com- 
monly used method for forming 
cellular polyethylene. Conven- 
tional extruders are normally 
used and best results are obtained 
by observing these general rules: 
1) the time-temperature rela- 
tions within the extruder must 
be adequate to decompose the 
blowing agent; an increase in 
through-put usually necessitates 
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FIG, 1: Water absorption is plotted against water immersion time for 
solid polyethylene and cellular polyethylene materials 


an increase in extruder tempera- 
tures, for the same product; 2) 
pressures must be maintained 
uniformly high until the extru- 
date is released from the die 
(premature expansion of the cells 
must be prevented); 3) extrudate 
viscosity must be maintained at 
an optimum level (high extrudate 
viscosity produces high density; 
low extrudate viscosity produces 
large, interconnected cells, sur- 
face roughness, and accompany- 
ing cooling problems). 

Optimum conditions for extru- 
sion will, of course, vary with the 
particular extruder and the size 
of the extruded article. A 
few rules concerning equipment 
should also be observed: 

1) Temperature controls for ex- 
truding cellular polyethylene are 
more critical than are controls for 
“solid” products; wide variations 
in temperature will produce sig- 
nificant variations in density. 

2) High compression ratio 
screws, of the constant-pitch, 
variable-depth type with a 3-4 
flight metering section and 
length-to-diameter ratios of 12:1 
or greater are recommended. 

3) Dies which are satisfactory 
for extruding “solid” polyethyl- 


ene will generaliy serve as well 
for cellular polyethylene. How- 
ever, pressures should remain 
above 2000 p.s.i., and land lengths 
should be no longer than the die 
diameter. Die openings must be 
designed on the basis of required 
expansion, final dimension, and 
speed of extrusion. 

4) Conductors should be pre- 
heated to 225° F. or above, when 
cellular electrical insulation is ex- 
truded. Cold conductors promote 
surface roughness, low tensile 
elongation, and high density if the 
compound is chilled before ex- 
panding. 

5) Expansion of cellular extru- 
date is time-dependent. As it is 
drawn from the die, wire insula- 
tion expands to a maximum di- 
ameter, and then begins to con- 
tract again as the occluded gases 
become cooler and lower in pres- 
sure. Thin-wall insulation may be 
water-cooled at the point of de- 
sired diameter. However, heavier 
walls require a long stretch of air 
cooling to prevent flattening. 
Proper extrudate temperature 
gives a balance between lowest 
density and good forming be- 
havior, in heavy walls. 

Higher densities may be ob- 





TABLE II: Critical data for two commercial blowing agents 





Decomp. 


Chemical name 


p,p’-oxybis (benzenesulfonyl 
hydrazide) 
Azodicarbonamide 


temp. range 


150-160° C. 


185-202° C. 


Vol. gas liberated 
125 cc./gm., in DOP* at 165° C. 


224 cc./gm.,in DOP at 230° C. 


*Note: DOP is the present testing medium for gas liberation measurement. 








tained by extruding at reduced 
temperatures, thus limiting the 
extent of blowing. Results, how- 
ever, are very difficult to repro- 
duce and the economics are un- 
favorable. If higher densities are 
required, cellular stock can be 
blended with polyethylene which 
does not contain a blowing agent. 

Screw cooling may be necessary 
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By W. E. HUMBERT* 


Cellular polyethylene (e.g. Etha- 
foam by The Dow Chemical Co.) 
is somewhat different from the 
foam used for electrical wire cov- 
ering (see p. 402). This new low- 
density polyethylene foam (2 lb./ 
cu. ft.) retains all of the com- 
monly known properties of solid 
polyethylene (e.g., chemical re- 
sistance, moisture resistance, 
toughness, and flexibility) and 
offers the distinct advantage of be- 
ing about one-thirtieth as heavy 
as solid material. 


Applications 

Though low-density polyethyl- 
ene foam is a new material, it has 
already found wide acceptance in 
several fields. Because it has a 
buoyancy of 55 Ib./cu. ft., this new 
foam is being used as a positive 
flotation medium. Items such as 
boat bumpers, dock fenders, water 
ski belts, swimming aids, and 
floating toys have been produced. 


* Plastics Technical Service, The Dow Chem- 
ical Co., Midland, Mich. 


to prevent overheating of the 
compound. Screw temperatures 
from 20° C. to neutral screw con- 
ditions may be applied. The exact 
desirable temperature varies with 
the extruder and the compound. 
The extrusion process continues 
to be the most common method 
for forming cellular polyethylene. 
The compression molding process, 


which has already produced large 
volumes of rubber, vinyl, and 
phenolic foam products, is not in 
widespread commercial use for 
cellular polyethylene. Injection 
molding has also been accom- 
plished for cellular polyethylene 
but is not, as yet, used commer- 
cially to produce cellular poly- 
ethylene articles. 





Another interesting use for 
polyethylene foam is in the field of 
package cushioning. This material 
has the ability to absorb shocks 
that will bottom out other flexible 
low-density package cushioning 
materials. High-impact absorptio?. 
plus the qualities of chemical in- 
ertness and nondusting appear to 
make low-density polyethylene 
foam an ideal packaging material. 

The automotive industry is us- 
ing low-density polyethylene foam 
in the form of gaskets for tail 
lights, heater housings, and floor 
board seals. Compression resist- 
ance, closed-cell structure, and 
shape retention in thin slices suffi- 
cient to stay in place, enable poly- 
ethylene foam to qualify. 

Low-density polyethylene foam’s 
K factor of 0.35-0.40 B.t.u.’s/hr./ 
sq. ft./° F./in. of thickness places 
it within the useful thermal insu- 
lation range. Polyethylene foam, 
because of its flexibility, is ideally 
suited for wrap-around insulation 
on large tanks and also for small- 
diameter copper tubing. 

Fabricating techniques: Low- 





TABLE |: Properties of low-density cellular polyethylene 





Density, lb./cu. ft. 

Water Resistance 
Capillarity 
Absorption, % by volume 


Water vapor transmission rate, perm. in. 


Buoyancy, Ib./cu. ft. 
Resiliency, % rebound 
Tensile strength, p.s.i. 


Thermal conductivity, B.t.u.—in./hr.—ft"—°F. @ 70° F. 


Heat resistance, °F. continuous use 


Volume change, heat aging at 140° F., % 


Dielectric constant, at 10° c.p.s. 
Dissipation factor, at 10° c.p.s. 
Work energy retention, % at: 

25% deflection 

50% deflection 

15% deflection 





density polyethylene foam is pro- 
duced in the form of large-diam- 
eter rods, small-diameter hollow 
tubing, wide planks, and in thin 
sheet—in white or in color. No 
special techniques are necessary 
to fabricate polyethylene foam 
other than choosing equipment 
suitable for cutting tough flexible 
materials. Cutting with saw blades 
having knife or scalloped edges is 
more satisfactory than cutting with 
toothed edge blades. This results 
in a smooth slicing action rather 
than a scraping or tearing action. 
Foam rubber splitters or textile 
knives as used for cutting stacks 
of cloth are excellent for cutting 
polyethylene foam. Conventional 
band saws and circular saws are 
satisfactory and produce clean 
cuts if driven at high peripheral 
speeds. Holes can be cut in poly- 
ethylene foam by either melting 
with a hot skewer or by drilling 
with a sharp wood auger. The hot- 
wire technique of cutting is 
highly satisfactory, utilizing heat 
to melt through the foam. Simple 
contours may also be formed with 
a hot wire bent to the desired 
shape, but a more satisfactory 
method for shaping polyethylene 
foam is by heat molding. Cored 
molds of a highly conductive metal 
will form smooth contours’ when 
heated between 250 and 350° F. 
By cooling the mold with water 
after forming, the foamed part is 
stabilized and easily removed 
from the cavity. Steel rule dies are 
useful for cutting ome or more 
shaped parts simultaneously. This 
method is particularly advantage- 
ous for producing gaskets and 
other small items. 

Low-density polyethylene foam 
may be adhered to itself and to 
other materials using standard 
techniques. The best bond attain- 
able is by heat welding. This tech- 
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nique takes advantage of the heat 
sealable nature of polyethylene 
and is accomplished by heating 
both surfaces to be joined to the 
fusion point and then bonding and 
permitting to cool. When heating 
is done on a metal surface, a coat- 
ing of Teflon’ reduces the foam’s 


of E. I. du Pont de Nemours 


1 Trademark 
and Co., Inc. 
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tendency to stick. Rubber-based 
adhesives that are pressure-sensi- 
tive in nature provide good bonds 
to cut surfaces of polyethylene 
foam. Since there is very little 
chemical attraction between adhe- 
sives and polyethylene, the addi- 
tional bonding area of cut cells 
provides mechanical adhesion and 
bonds that are as strong as the 


foam. Rubber-based adhesives 
may also be satisfactory for hold- 
ing polyethylene foam in place 
when applied to the smooth inte- 
gral skin, provided a high stress 
bond is not required. The use of 
solvent-based adhesives presents 
no problem regarding solvent at- 
tack so commonly found with ex- 
panded polystyrenes. 





By H. B. REESE* 


Essentially, there are two types 
of phenolic foam available com- 
mercially: 1) foam which is pro- 
duced in the conventional man- 
ner by a _ chemical reaction 
between resin and other ingredi- 
ents; and 2) premixed cellular 
mortar, or “syntactic foam” as it 
is sometimes called, based on mi- 
croscopic hollow phenolic spheres 
bonded together with such resins 
as polyester or epoxy in much the 
same way as cement binds gravel 
to form concrete. 

Each of these types is discussed 
in fuller detail below, insofar as 
the techniques of production, gen- 
eral properties, and recommended 
applications and markets are con- 
cerned. 


Reaction-type foams 


Techniques: This type of foam 
results from the utilization of the 
“built-in” heat of reaction of the 
phenolic resin to cause vaporiza- 
tion of the small amounts of wa- 
ter and solvent present in the 
mixture of resin, catalyst, and 
certain modifying agents. During 
the foaming process, the resin 
changes rapidly from a free-flow- 
ing liquid to an infusible cellular 
solid. A proper balance of reac- 
tion and expansion results in the 
formation of a foam having a vol- 
ume as much as 200 times greater 
than the original liquid resin. 

Since the entire operation from 
the introduction of the catalyst to 
the formulation of a fully ex- 
panded block of low-density foam 
may be completed in about 45 
sec., a cycle controller to initiate 
automatically the various steps in 
the process may be desirable. Cat- 


“Union Carbide Plastics Co., Div. of Union Car- 
bide Corp., 270 Park Ave., New York 17, N.Y. 
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alyst concentration and tempera- 
ture of ingredients may be varied 
to influence the speed of the 
foaming reaction. 

Properties: Major character- 
istics of reaction-type phenolic 
foam are light weight, high di- 
mensional stability, heat resist- 
ance up to 250° F., and non-sup- 
port of combustion. It is also 
among the most inexpensive of 
plastic foaming materials. Since 
a composite structure, about 90% 
open-cell, is formed during foam- 
ing, phenolic foam is a good ther- 
mal insulator with some acousti- 
cal insulating properties as well. 

In practice, phenolics can be 
foamed to densities ranging from 
¥% Ib./cu. ft. all the way up to the 
density of a nonporous resin 
which is about 80 Ib./cu. foot. 

Phenolic foam has its best ther- 
mal insulating value (a K value 
of 0.22 B.t.u./in./ft.2/°F./hr.) at a 
density of about 2 lb./cu. ft. How- 
ever, a low density foam does 
have better insulating properties 
when mechanically compressed to 
higher densities. Such action in- 
creases the number of air cells in 
an inch of thickness and conse- 
quently lowers the K factor. 

Since increasing the density, 
either chemically or mechanically, 
increases the cost factor, it should 
be noted that a foam density of 
% Ib./cu. ft—with a K factor in 
the order of 0.26 to 0.28—is still 
within the range of insulation 
provided by conventional mate- 
rials. 

Applications: The good insulat- 
ing qualities of phenolic foam, 
coupled with the development of 
improved installation techniques, 
has increased the value of the 
foam for building insulation. The 
reaction-type foam can be in- 
stalled by: 1) filling wall spaces 
with precut, factory-produced 


slabs; 2) foaming the material 
into horizontal prefabricated pan- 
els and structures on a moving 
conveyor belt. 

Phenolic resin will foam in a 
vertical cavity to controlled 
heights, at whatever insulating 
density is desired, and with uni- 
form density throughout the 
structure. The foam permanently 
bonds itself to the surfaces, pro- 
viding no-sag insulation. 

Since the foam transmits mois- 
ture vapor, a separate material 
such as plaster board backed with 
aluminum foil, or polyethylene 
film, should be used as a moisture 
vapor barrier. To handle a con- 
tinuous foaming operation, spe- 
cial mixing equipment, which is 
available commercially, is neces- 
sary. 

In addition to thermal insula- 
tion, reaction-type phenolic foam 
can also be used as a handicraft 
material. Smooth surfaced and 
easily cut with simple hand tools, 
the foam can be sandpapered, 
coated with a pore-sealing solu- 
tion, and formed into vases, 
bowls, trays, desk sets, and other 
items, with an appearance similar 
to carved stone. 

The light weight, high dimen- 
sional stability, and non-support 
of combustion properties of phe- 
nolic foam make it an ideal 
form-fitting packaging material. 
The ability to produce a cavity of 
the desired size and dimension in 
phenolic foam by simply pressing 
an object, or a replica thereof, 
into the foam enables this mate- 
rial to be used advantageously in 
packaging applications. This is es- 
pecially true where a variety of 
objects, which differ in size and 
number from package to package, 
are involved. Under these condi- 
tions, it is usually impractical to 
mold a wide variety of cavities; 











when using phenolic foam, each 
item “molds its own” shape in the 
packaging media by simply being 
pressed in place. 

In the case of consumer items 
where “dustiness” of low density 
foam would be objectionable, a 
coating should be applied to the 
foam after the cavity is press 
formed. This coating can be ap- 
plied by spraying a conventional, 
fast drying paint or by vacuum 
forming a thin skin of rigid vinyl 
film over the entire foam block. 


Cellular mortar 


Technique: In practice, cellular 
mortars are made by combining 
hollow, microscopic phenolic 
spheres with either phenolic, 
epoxy, or polyester resins in much 
the same way as cement and 
gravel are mixed to form concrete. 
When thus made, the phenolic 
spheres produce a low density, 
cellular composite. Putty-like in 
consistency, the uncured foams 
harden into a material of high 
strength and light weight. Mortars 
varying in density from 10 to 40 
Ib./eu. ft. can be simply and 
quickly produced by varying the 
proportion of resin binder to the 
phenolic spheres. 

The following formulation pro- 
cedure is typical of various types 
of cellular mortars: 
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Parts by 
weight 
Epoxy resin ERL-2795 30 
Epoxy hardener ERL-2793 9 
Phenolic spheres BJO-0930 120 


Composition 


Procedure: Add a_ weighed 
amount of epoxy resin to a 
kneader-type mixer while it is in 
operation. The proper amount of 
epoxy hardener is then added. 
Next, gradually add the phenolic 
spheres to the mix and continue 
mixing until a thick, putty-like 
mass is obtained. This mass is 
then transferred to the desired 
mold or hand-troweled into place 
and cured at room temperature. 
Temperatures up to 212° F. ac- 
celerate cure. A cellular density 
of 8.6 lb./cu. ft. results. 

Properties: The spherical cell 
shape brings to cellular mortar a 
high _strength-to-weight ratio 
along with good insulating quali- 
ties. In addition, the ease with 
which it can be handled without 
the need for special equipment 
makes it one of the most use- 
ful of foamed-in-place materials, 
particularly for do-it-yourself ap- 
plications. 

Normally handled as a putty- 
like mass, the cellular mortar can 
be troweled onto suitable surfaces 
(preferably with some form of 


heated trowel), molded to shape, 
forced into cavities, or pressed 
into sandwich core structures. 

Applications: Recent gains in 
the use of cellular mortar as a 
core material in sandwich-type 
structure are most promising. 
Cellular mortar reduces the flexi- 
bility of reinforced plastics with 
negligible increases in weight. 
Experimental sandwich structures 
consisting of cores of phenolic 
spheres, polyester resins, and 
loose fibrous glass strands be- 
tween fibrous glass mats show 
flexural strengths ranging from 
1700 to 4500 psi, tensile 
strengths between 1600 and 2900 
p.s.i, and compressive strengths 
as high as 12,100 p.s.i. 

Cellular mortar is being used 
as a core material for such rein- 
forced applications as boat hulls 
and decks and reinforced sections 
of airplane structures. 

Cellular mortar can also be 
used for simple do-it-yourself re- 
pairs on wood structures in homes 
or industry. Rotted-out wood can 
be repaired by troweling the mor- 
tar into the area and letting it 
cure, or set, until it is hard. The 
use of epoxy resin as the binder 
contributes to its ability to cure 
without special equipment. The 
mortar can be easily sawed, 
painted, or drilled. 





By H, VINCENT* 
and K, R. HOFFMAN* 


Originally, silicone foams were 
shipped in the form of crumbled 
solids. The end user melted the 
resin, added an amine catalyst 
and a nitrogen-evolving blowing 
agent, poured the mixture in 
place, and heated to cure. 

In 1953, these materials were 
replaced by a series of premixed 
powders which melted and foamed 
simply through the application of 
heat. The finished foams were 
stronger than the previous mate- 
rials and densities ranged from 10 
to 16 Ib./cu. foot. 

More recently, a new resin 
series was put under develop- 
ment that could expand and cure 
at normal room temperatures 


"Product Engineering Laboratories, Dow Corn- 
ing Corp., Midland, Mich 
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(without the necessity for heat) 
and which formed rigid foams 
lower in density (3.5 to 5 Ib./cu. 
ft.) than the premixed powders. 
This system can be adapted to 
continuous mixing, foaming, and 
spraying techniques. 

Still more recent is the devel- 
opment of lightweight silicone 
rubber foams that can be mixed 
and expanded in place at room 
temperature. 


Premixed powders 

Techniques: The premixed 
powders are made up in the 
proper ratios of a silicone resin 
(a solventless polysiloxane with 
melting points of 120 to 140° F.), 
a blowing agent (Unicel ND, Du 
Pont), catalyst, and fillers. To 
make a foam, the powder is simply 
heated above 320° F. As the resin 
liquefies, the blowing agent de- 


composes, evolving nitrogen gas, 
which expands the resin while the 
amine byproducts are catalyzing 
the condensation of the resin. Ex- 
pansion and gelation are there- 
fore synchronized, and the resin 
gels at its point of maximum ex- 
pansion. 

Heating can be accomplished by 
air-circulating ovens, strip heat- 
ers, heat lamps, or similar equip- 
ment. The structure should be ex- 
posed to the expansion tempera- 
ture for at least four hours; the 
foam may then be removed or the 
temperatures raised in increments 
of 50° F. degrees for postcuring. 

Properties: Typical properties 
of silicone premixed powders 
(Dow Corning R-7002 and 
R-7003) are listed in Table I, p. 
407. R-7002 may be foamed-in- 
place; R-7003 can be foamed satis- 
factorily only in block or sheet 
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form, but it is stronger and retains 
a greater degree of compressive 
strength at high temperatures. 
These foams have superior heat 
stability, low thermal conduc- 
tivity, and excellent resistance to 
thermal shock or dimensional 
change. 

Foamed-in-place material re- 
tains a considerable amount of its 
compressive strength at elevated 
temperatures, especially if post- 
cured for 48 hr. at 480° F. In many 
high-temperature applications, the 
foam will cure and become 
stronger with use. 

Applications: High-temperature 
thermal insulation is, of course, a 
natural use for these materials. 
Originally they were considered 
as core materials for high-tem- 
perature sandwiches but to date 
have proved too brittle to with- 
stand the vibration encountered 
in such service. 

They are, however, extremely 
useful as molded components for 
aircraft and as insulating mate- 
rials for instruments. 


Room-temperature curing 
foams 

Techniques: These foams are 
formulated as two liquid compo- 
nents which are blended in a 
high-speed mixer for 30 sec. and 
poured, The expansion factor is in 
the range of 7 to 10 times. The 
reaction is slightly exothermic 
but temperatures seldom exceed 
150° F., even for very large pours. 
Expansion is complete within 15 
min., although the foam will be 
soft and tender for about 2 hours. 
After 10 hr., the foam is hard 
enough to cut and handle. 

Hydrogen gas is liberated as the 
expanding agent. The quantity 
given off, however, is small and 
has not presented any explosive 
hazards. The usual precautions 
should be taken when large quan- 
tities of foam are processed. 

Properties: Finished foams have 
withstood continuous exposure to 
as much as 600° F. They have ex- 
cellent flame resistance, low ther- 
mal conductivity, good electric in- 
sulation properties, and a low 
order of water absorption. The 
heat of reaction and expansion 
ressure are so low that heavy 
aper forms can be used. Typical 
operties are listed in Table I, 
right, 
Applications: Easy and quick to 
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TABLE |: Typical properties of silicone resin foams 





Property Premixed powders 
Density, lb./cu. ft. 14 to 16 
Cell size, in. 0.08 
Compressive strength, p.s.i. 

at 77° F. 175 to 325 

after \% hr. at 500° F. 25 to 75 

after 200 hr. at 500° F. 40 to 70 
Weight loss, % 

during expansion 13 

after 200 hr. at 480° F. 2.1 

after 200 hr. at 570° F. 33 

after 72 hr. at 700° F. 52 
Water absorption, % by wt., after 24-hr. immersion 2.3 
Maximum operating temp., °F. 600 
Flame resistance Does not burn 
Thermal conductivity’ B.t.u./in./°F ./sq. ft./hr. 03 
Dielectric constant* (8.5 10° cycles/sec.) 

at 70° F. 1.26 

at 500° F. 1.37 

at 77° F., 24hr. wet 1.27 
Available density range, lb./cu. ft. 12 to 18 

Foams expanded and cured at room temperature 
Rigid Semirigid 

Density, lb./cu. ft. 3.5 3.5 
Compressive strength, lb./sq. ft. 

at room temp. 900 280 

at 500° F. 72 -- 

at room temp. after 200 hr. at 500° F. 1121 500 

at room temp. after 24 hr. at 700° F. 1020 320 
Weight loss after 200 hr. at 500° F., % 6.4 76 
Volume loss after 200 hr. at 500° F., % 8.3 91 
Top service temp., continuous, °F. 650 650 
Water absorption, Ib./sq. ft. surface area 0.284 0.284 
Moisture vapor transmission, perm. in. 41.2 41.2 
Thermal conductivity, 

B..u./°F ./hr./in. thick/sq. ft. at 77° F. 0.281 0.281 
Flame resistance L-P-406b Method 2021-1 self- self- 

extinguishing extinguishing 

Dielectric constant at 10° cycles 1.09 1.10 
Loss tangent at 10° cycles 0.0028 0.0103 
Closed cells, % 10 10 





Silicone rubber foams expanded and cured at room temperature 


Density, lb./cu. ft. 
Thermal conductivity, B.t.u./°F./hr./in. at 77° F. 
Color 
Weight loss, 200 hr. at 500° F. 
Volume loss, 200 hr. at 500° F. 
Compression set, 22 hr./25° C. 

22 hr./170°C. 
Dielectric constant 10° cycles/sec. 
Power factor 10° cycles/sec. 
Dielectric strength, v./mil 
Volume resistivity 
Surface resistivity 
Compressive deflection at 25% 

at 50% 

Tear strength, p.s.i. 
Tensile strength, p.s.i. 
Elongation, % 


2At 11 Ib./cu. ft. density. *At 13.3 Ib./cu. ft. density. 


13-15 
0.31 
Tan 

8.6 
59 
0 
105 
1.27 
0.0013 
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install, these foams are suggested 
for use as effective thermal in- 
sulation on processing equipment. 
Steam valves can be insulated in 
15 min., for example, by simply 
building up conventional insulat- 
ing materials to the bottom of the 
valve bonnet, wrapping the valve 
in common roofing paper, and 
pouring the mixed foam compo- 
nents through a hole in the top of 
the paper form. The paper is left 
in place after foaming to act as a 
protective skin. A similar tech- 
nique, only this time using a 
sheet-metal form, was used to in- 
sulate the 8-ft. long barrel of a 
plastics extruder in 8 man-hours, 
as opposed to the 20 required with 
conventional materials. 


CELLULAR CELLULOSE 


Expanded cellulose acetate, 
known to industry as cellular 
cellulose acetate (CCA) or Strux, 
is a uni-cellular product produced 
by a continuous extrusion process 
wherein molten cellulose acetate 
is converted into a rigid foam by 
the flash vaporization of a volatile 
solvent. CCA is strictly an ex- 
truded product and cannot be 
foamed-in-place. It is presently 
available in the form of boards 
(in sizes of 1 by 4, % by 6, % by 
8, and 1% by 4 in.) and 2%-in. 
dia. rods and in the density range 
of 6 to 7 lb./cu. foot. The cross- 
sectional area of the stock shapes 
is, of course, governed by the ca- 
pacity of the extruder and is, at 
present, limited to 6 sq. inches. 
Since a rather dense, smooth 
skin is present over the entire 
surface of CCA as extruded, 
boards are passed through parallel 
circular saws which remove the 
edge skins and establish the width 
dimensions. Removal of the skin 
on all faces results in an over-all 
density decrease of 1 Ib./cu. foot. 
CCA is noted for excellent 
strength properties, resistance to 
attack by vermin and fungi, and 
thermal stability (for more data, 
see the Foamed Plastics Chart). It 
may be subjected to temperatures 
as high as 350° F. for extended 
periods, and up to 380° F. for short 
periods, without decomposition. 
Article was prepared by Russell Reinforced 


Plastics Corp., 521 W. Hoffman Ave., Linden- 
hurst, N. Y. 
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Where forms can’t be used, the 
foam can be applied with a cata- 
lytic spray gun. 


Silicone rubber foams 
Techniques: These foams, also 
made by mixing two components, 
are available in a range of densi- 
ties from 5 to 30 Ib./cu. foot. While 
mixing is simple, requiring only 
30 sec., the current materials must 
be poured immediately because of 
the speed of the reaction. Neg- 
ligible pressure is generated on 
the form. Molded parts can be 
moved within 5 min., although 
the development of maximum 
strength requires another 24 
hours. By varying formulation 
and foaming techniques, it is pos- 
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sible to produce either open- or 
closed-cell foams. 

Properties: Typical properties 
of a 13 to 15 Ib/cu. ft. foam 
are listed in Table I, p. 407. The 
adhesion of the foams is excellent 
when cast against glass cloth or 
asbestos paper. For adhesion to 
metals, a primer is recommended. 

Applications: The rubber foams 
are suggested for applications 
where resilience and low density 
are desired. They are now under 
consideration for vibration in- 
sulation, for foamed-in-place 
thermal insulation, and for cush- 
ioning around fragile electric 
components which need protec- 
tion during their encapsulation in 
rigid potting compounds. 





Mechanical properties are not 
greatly affected by temperature 
change. At —70° F., room tem- 
perature values are decreased 
approximately 20 percent. The co- 
efficient of linear expansion of 
2.5 x 10° in./in. for 1° F. and a 
thermal conductivity of 0.31 
B.t.u./hr./ft.2/°F./in. of thickness 
further indicate good thermal 
properties. CCA has a burning 
rate of 4.9 in./minute. 

The water absorption of CCA, 
expressed in terms of reserve 
buoyancy after complete immer- 
sion in water, indicates an initial 
buoyancy of 55 Ib./cu. foot. This 
value is reduced to 53 Ib. after 24- 
hr. immersion. Four days of sub- 
sequent immersion decreases the 
buoyancy to 52 lb./cu. ft., at which 
point stabilization is attained. 
Drying results in complete recov- 
ery of original buoyancy. 

Fully cured CCA is a rigid, 
white foam with no odor. Toxicity 
has been thoroughly investigated. 
The basic ingredients are known 
to be nontoxic. No volatile or un- 
stable components are formed 
with an increase in temperature, 
pressure, or moisture. 


Applications 


CCA is used extensively as a 
core material in sandwich con- 
structions. In other fields, it has 
found acceptance as reinforce- 
ment for aircraft control surfaces, 
radome housings, and filler blocks 


under fuel cells. Inert to various 
fuels, it has been used for years 
to make floats for indicating de- 
vices. Its buoyancy has led to its 
use in life-floats, buoys, and other 
marine flotation devices, as well 
as installation’ for permanent 
buoyancy in small craft. Its dielec- 
tric qualities have made it useful 
in the manufacture of X-rays and 
other electronic equipment. Other 
applications include ribs, posts, 
and framing members in shelters, 
housing units, trailers, etc. 

One of the most extensive uses 
for CCA has been as gun-port 
plugs for military jet aircraft. It 
has also been used in an experi- 
mental packaging unit for ship- 
ment of anti-personnel mines and 
detonators. It is similariy useful as 
a protective covering for batteries. 

CCA is easily machined to ex- 
tremely close tolerances by ordi- 
nary woodworking tools. It is im- 
portant to note that strengths are 
maintained through these opera- 
tions even though skin surfaces 
have been removed. 

Simple gluing procedures work 
well with this material. Fabrica- 
tors have used polyester and 
epoxy resins, particularly where 
vertical surfaces are encountered, 
using thixotropic or thickened 
resin mixes which have little ten- 
dency to flow or run due to grav- 
ity. Also used are phenol-, urea-, 
and resorcinol-formaldehyde type 
adhesives. 


FOAMED PLAST!CS 












By HENRY R. LASMAN* 


Cc ellular plastics are produced 
by various processes involving 
cne of three basic foaming meth- 
ods: mechanical, physical, or 
chemical. All these methods have 
the one step in common of bring- 
ing the composition to be foamed 
into a liquid or plastic state with- 
in specified viscosity limits. The 
formation of cells is achieved by 
the use of “foaming agents.” In 
this instance the term “foaming 
agent” denotes any material— 
solid, liquid, or gaseous—or any 
combination of materials capable 
of producing a cellular plastic 
structure, 


Foaming methods 

Mechanical foaming: Plastic 
foams can be obtained by a vig- 
orous agitation of an emulsion, 
suspension, or solution of the res- 
in to produce a froth which is 
then gelled and fused or cured. 
Originally developed for produc- 
ing latex foam (1)!, this method 
has been adapted to foaming 
polyvinyl formal (2), polyvinyl 
acetal (3), polyvinyl chloride 
plastisols (4), and urea-formal- 
dehyde resins (5). 

Physical foaming: Physical 
foaming methods employ, as cell 
forming agents, materials that 
change their physical state dur- 
ing the foaming operation, e.g., 
compressed gases, volatile liquids, 
or soluble solids. Although the 
physical foaming processes make 
use of inexpensive foaming 
agents, they require rather costly 
equipment designed specifically 
for a given application. The foam- 
ing agents can be chosen from 
odorless, non-toxic, and non-cor- 
rosive substances. They leave no 
residue, and, therefore, have no 
adverse effect on the physical and 
chemical properties of the result- 
ing foam. 

In one of the earliest processes 
for making expanded rubber (6), 
the plasticized elastomer was 
treated with nitrogen in an auto- 
‘Technical Service Manager, National Poly- 


chemicals, Inc., Wilmington, Mass. 


Numbers in parentheses link to references 
n p. 416; 
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Foaming agents for plastics 


clave under a pressure of 3000 
p.s.i. A pre-vulcanizing step fol- 
lowed the “gassing” operation and, 
after discharge into a closed mold, 
vulcanization was carried out un- 
der pressure. Later, essentially 
the same method of operation has 
been suggested for the production 
of expanded polyvinyl chloride 
(7) and of cellular polyethylene 
(8). Elemental gases, nitrogen in 
particular, have been proposed as 
foaming agents in several re- 
cently revealed foaming processes 
(9). These utilize specially de- 
signed extruders where the mol- 
ten plastic, e.g., polyethylene, is 
impregnated with nitrogen; ex- 
pansion occurs when the plastic 
material leaves the orifice of the 
extrusion die, 

Vinyl foams with a wide range 
of physical properties can be pro- 
duced from plastisols by either 
the Elastomer (10) or the Dennis 
(11) process. Common to both 
techniques is the use of carbon 
dioxide as the foaming agent. 

Cellular polystyrene is obtained 
by dissolving in the polymer, un- 
der pressure, normally gaseous 
agents such as methyl chloride, 
propylene, and butylene (12), di- 
chloro-difluoromethane (13), or 
volatile liquids (14). Polymeriza- 






tion of styrene in the presence of 
pentane (15), or neopentane (16), 
yields foamable polystyrene beads. 
For foaming polyethylene, vola- 
tile fluorocarbons, e.g., 1,2-dichlo- 
rotetrafluoroethane (17), have 
been claimed as the preferred 
foaming agents. Similar foaming 
techniques are utilized in the pro- 
duction of cellular cellulose ace- 
tate (18) and expanded styrene- 
acrylonitrile copolymers (19). 
Rapid evaporation of water has 
been proposed as a means of pro- 
ducing breathable polyvinyl chlo- 
ride films (20) and microporous 
PVC sheets (21). 

Physical foaming methods have 
aiso been suggested for preparing 
thermosetting foams, e.g., phenol- 
and urea-formaldehyde resins us- 
ing methyl chloride or difluorodi- 
chloromethane (22), as well as 
diisopropylether (23), or other 
volatile liquids (24). 

A relatively inexpensive way of 
forming porous materials is to in- 
corporate water soluble inorganic 
salts in the plastic web and later 
leach them out (25). Water solu- 
ble polymers, e.g., polyvinyl al- 
cohol (26) or organic solvents 
(27), can be used in similar man- 
ner to give non-woven porous 
fabrics or air-permeable plastic 





TABLE I: Properties of an ideal chemical foaming agent* 





1) Gas must be released over a definite and short temperature range 

2) Gas must be released at a controllable but reasonably rapid rate 

3) Gas evolved should not be corrosive (e.g., NO.) and is preferably nitrogen 
although CO, is allowed for some applications 

4) Compound should disperse readily in stock and preferably dissolve 

5) Compound should be cheap in application 

6) Compound must be stable in storage 

7) Residue should not have an unpleasant smell 

8) Residue should be colorless and non-staining 

9) Compound and the residue should be non-toxic 

10) Compound should not give rise to a large exotherm on decomposition 

11) Compound should not affect rate of cure or fusion 

12) Compound should function equally well in a closed mold; ie., pressure 
should have no effect on rate of decomposition 

13) Residue should have no effect on physical and chemical properties of 


plastic to be foamed 


14) Residue should be compatible with plastic to be foamed, i.e., no blooming 


of residue should occur 





"See Reference 37 for source. 











films. Recently, the leaching 
method has been ingeniously ap- 
plied in the ESB-Reeves process 
(28) to produce microporous 
polyvinyl chloride or polyethylene 
sheeting with starch as the pore- 
forming agent (29). Also, porous 
sheets and films of polyvinyl 
chloride, polyethylene, and other 
polymers are produced by sinter- 
ing particles of these thermoplas- 
tics under heat and pressure (30). 


Syntactic foams, although dif- 
ferent from all other types of 
plastic foams, are basically prod- 
ucts of physical foaming methods. 
They derive their unique cellular 
structure from prefabricated mi- 
croscopic spheres filled with ni- 
trogen or other inert gases. These 
spheres, made of phenol-formal- 
dehyde (31) or urea-formalde- 
hyde (32) resins, when mixed 
with liquid epoxy or polyester 


resins, form a putty-like, light 
weight mortar. Curing of the 
binder develops a rigid cellular 
structure. 

Chemical foaming: In chemical 
foaming, the expanding gas is 
generated in situ, i.e, within the 
matrix of the polymer. The cell- 
forming gas can be produced as a 
by-product of a chain-extension 
or cross-linking of the polymer, 
as in the formation of polyure- 





TABLE Il: COMMERCIAL ORGANIC FOAMING AGENTS 





Chemical description 





Azo-compounds 


1) Azobisformamide 
(Azodicarbonamide ) 





2) Azobisisobutyronitrile 


3) Diazoaminobenzene 


: N-Nitroso-compounds 





4) N,N’-Dimethyl-N,N’ -dinitroso- 


terephthalamide 


5) N,N’-Dinitrosopentamethy- 
lenetetramine 


: Sulfony! hydrazides 
6) Benzenesulfonyl-hydrazide 





Benzene- 1 ,3-disulfony] 
hydrazide 


Diphenylsulfon-3,3’-di- 
sulfonyl hydrazide 


4,4’Oxybis(benzenesulfony] 
hydrazide) 


Structure 


H,N-CO—-N=N-CO-NH; 


CH; CH; 
/ | 


NC-C-N=N-C-CN 
CH; CH; 


H,C-N-OC- <_ >-co-n-cu: 
NO NO 


CH,-N —— CH; 


ON-N CH; N-NO 


<__>-sor-NHNH, 


-SO,-NHNH, 
SO,-NHNH; 


™(<> 


SO.-NHNH/Y ; 


oO (<> NHN, ) 


Trade name Manufacturer® 


Kempore 
Celogen AZ 
Genitron AC 
Porofor K-1074 


venitron AZDN 
Porofor N 


DAB 
Porofor DB 


Nitrosan 
(formerly BL-353) 


Opex 40, PL-80 
Unicel ND, NDX 
Vulcacel BN 


Porofor D-33 


Celogen 
Genitron OB 
Porofor DO44 


*NPI = National Polychemicals, Inc., Wilmington, Mass.; NC = Naugatuck Chemical, Div. U. S. Rubber, Naugatuck, Conn.; W = Whiffen & 


Sons Ltd., ke 3. England; B = F, 
. > 


New York, N.Y. 


arbenfabriken Bayer, Leverkusen, Germany; ACC = National Aniline, Div. Allied Chemical Corp.. 
= E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.; ICI = Imperial Chemical Industries Ltd., London, England 
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thane foams with carbon dioxide 
liberated in the course of the re- 
action between carboxyl-bearing 
alkyd resins and an isocyanate, or 
between polyurethane resins with 
end-standing isocyanate groups 
and water (33). Similarly, the 
condensation of phenol and for- 
maldehyde produces water as a 
by-product, which in the form of 
steam is capable of foaming the 
resulting phenolic resin. The ex- 


panding gas can also be developed 
in a reaction between a resin 
hardener, for instance an acid, 
and an additive such as sodium 
bicarbonate (34) or metal pow- 
der (35). 

An interesting method for 
foaming polyethylene has been 
described recently (36). When 
the hot polymer is subjected to 
ionizing radiation, hydrogen is 
evolved from the polyethylene, 








Decomposition temperature 
in air 


Decomposition range 
in plastics 


Literature 





°C. 


195-200 


reference 


°C. 


BIOS Final Report 
1150, 23 

German Patent 
871,835 


German Plastics 
Practice, 
DeBell-Richardson 
p. 456 (1946) 
German Patent 
899,414 


105-120 


U. S. Patent 
2,299,593 


U. S. Patent 
2,754,326 


U. S. Patent 
2,491,709 


German Patent 
821,423 and 

U. S. Patent 
2,626,933 


115-130 Same as above 


120-130 


Same as above and 
U. S. Patent 
2,552,065 


120-130 
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resulting in foaming of the resin. 
Still another chemical foaming 
method for plastics relies on heat- 
sensitive additives — chemical 
blowing agents—as sources of the 
expanding gas. 


Chemical foaming agents 


Chemical blowing agents, fre- 
quently called foaming agents in 
the plastics industry, are inor- 
ganic or organic materials that 
decompose under the influence of 
heat to yield at least one gaseous 
decomposition product. The most 
characteristic property of chemi- 
cal foaming agents is the temper- 
ature at which the gas is liber- 
ated. In fact, the decomposition 
temperature determines the use- 
fulness of a foaming agent in a 
given plastic material and also 
governs the conditions under 
which the foamable compound is 
to be processed. The adaptability 
of chemical foaming agents to 
processes using conventional rub- 
ber and plastic equipment is the 
major advantage which can be de- 
rived from the commercial use of 
these materials. 

The range of potential blowing 
agents extends from baking pow- 
der to explosives. Indeed, over 
the past 40 years at least a thou- 
sand different products have been 
proposed as chemical foaming 
agents. Of these, about a dozen 
or so have at one time or another 
proved commercially significant. 
The search for better, more effi- 
cient, and more versatile blowing 
agents continues in the hope that 
some day an ideal material may 
be found. Such an ideal foaming 
agent would have to satisfy all of 
the requirements listed in Table 
I (37). Inasmuch as the decompo- 
sition of the foaming agent must 
occur in a relatively narrow range 
of temperature (i.e., when a ther- 
moplastic resin shows a specified 
viscosity or a thermoset displays 
the desired degree of crosslink- 
ing), it is evident that no one 
foaming agent, not even an ideal 
one, is suitable for general use 
in the diversified family of foam- 
able resins and elastomers. 

Simple salts: Simple inorganic 
and organic salts, such as alkali 
carbonates and bicarbonates or 
urea oxalate, have found rather 
limited acceptability in the plas- 
tics industry. These chemicals, 


ail 








TABLE Ill: Typical vinyl foams expanded with ABFA 





Expansion 


Direct expansion, 
method: 


atm. pressure 


Pressure 
expansion 

Extru- Casting and 
Coating sion fusion under pressure 


Post expansion 


Calen- 


Processing: Extrusion dering 


Casting 











Ingredient 


Geon 101EP 
Geon 121 


100.0° 100.0 _ _ 
- 100.0 100.0 


DOP 50.0 J 40.0 _~ 85.0 
20.0 . 


Flexol 426 30.0 
Paraplex G-62 

Paraplex G-50 

DDA 

Dyphos 

Ferro 1825 

Ferro 1237 

Ca-stearate 

Kempore R-125 


Expansion 
temp., °C. 


Apparent density, 
Ib./cu.ft. 


“Parts by weight 


90.0 
5.0 5.0 





generally insoluble in plasticizers 
and/or organic solvents, are ex- 
tremely difficult to disperse in 
plastic compounds; they generate 
condensable gases and their de- 
composition rate is greatly af- 
fected by pressure. These simple 
salts have no distinct advantage 
other than that they are inexpen- 
sive. Carbonates, usually in con- 
junction with acid hardeners, are 
used in making phenol- (34) or 
urea-formaldehyde foams (38), 
while urea oxalate has been 


claimed as an expanding agent 
for PVC (39). 

Recently, one inorganic com- 
pound, sodium borohydride, has 
been suggested as a foaming agent 
for rigid PVC (40) and elas- 
tomers (41). In acidic medium 
and in the presence of water, so- 
dium borohydride decomposes 
readily at room temperature with 
the evolution of hydrogen. Reac- 
tion is very fast but apparently a 
way has been found to permit 
controlled release of gas (42). 





TABLE IV: Free blown PVC foam, thick sections? 





Ingredient 

Geon 121 

Flexol CC-55 

Plastolein 9058 DOZ 
RC-TG-9 

Calcium oxide 

Duponol ME 

Stabelan HR paste 
Neutral calcium petronate 
BL-353 


Expansion cycle 


10 min. @ 100° C., followed by 


40 min. @ 170° C. 


Density, Ib./cu.ft. 
Pandux hardness 


“See Reference 44 for source 


Parts by weight 





100.0 
50.0 
30.0 
20.0 

1.0 
1.6 
3.0 
3.6 
10.0 


219.2 





Nitrogen releasing agents: Or- 
ganic compounds that release ni- 
trogen as the major component 
of the gaseous phase have in the 
past and still continue to domi- 
nate the field of chemical foaming 
agents. See Table II, p. 410, for or- 
ganic compounds with commercial 
acceptance. 

Among the chemical foaming 
agents for plastics, azobisforma- 
mide (ABFA) is of much interest. 
ABFA and its residue are non- 
toxic, odorless, non-staining, and 
non-discoloring. The storage sta- 
bility of ABFA is unexcelled. 
Unlike other known organic 
foaming agents, it does not sup- 
port combustion and is self-ex- 
tinguishing. Although ABFA is 
insoluble in common solvents and 
plasticizers, it disperses easily in 
all elastomers and plastics. The 
particle size distribution of ABFA 
can be tailored to suit a particu- 
lar end-use application (43). 
Since the gas yield of ABFA is 
the highest of all commercially 
available organic foaming agents, 
the material is economical to use. 
A typical formulation, e.g., Kem- 
pore R-125, has a theoretical gas 
yield (ml. (STP)/g.) of 193; the 
actual gas yield is 220 ml. (25° 
C.)/g. or 3.53 cu. ft. (77° F.)/lb. 

(Continued on p. 414) 
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Styrofoam is Dow’s 


THERE’S ONLY ONE registered trademark 


for its expanded 


STYROFOAM mire.” 


expanded polystyrene 


Styrofoam is applied only to 
the homogeneous expanded 
polystyrene made according to 
an exclusive Dow manufactur- 
ing process that gives the 
material its unique physical 
properties. 


Styrofoam is always spelled 
with a capital “‘S” because it’s 
a trademark. It’s not the name 
of a general class or type of 
material! And it does not refer 
to other foamed polystyrenes 
made by different processes. 


“Styrofoam” identifies Dow’s 
expanded polystyrene. For 
superior insulation and flota- 
tion applications be sure you 
specify and get Styrofoam 
brand. Styrofoam is exclusive 
with Dow—there is no such 
thing as a “‘substitute’’! 


For Expandable Beads, 
Ask Dow, too. 


When you want an expandable 
bead material for packaging, 
display or other purposes, ask 
Dow. We make Pelaspan® ex- 
pandable polystyrene beads 
for molding shock-resistant, 
form-fitting packages and 
hundreds of other uses. In fact, 
Dow supplies molding plastics 
for every modern need. 


THE DOW CHEMICAL COMPANY <> Midland, Michigan 
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REDUCE 
THICKNESS 


of urethane rigid foams 
by half! 





























eS ike 


Lab photo shows how “‘Genetron”’ cuts the “‘k’’-factor in half! 


with Genetron 
Blowing Agents 


Equal insulation, yet half the thickness! 
“Genetron”-blown urethane foams offer far 
superior insulation performance — as much as 
2 times the insulating value of CO2-blown foams, 
and 2%% times that of glass wool batting. 


Plus many other advantages: Foams blown 
with “Genetron” fluorocarbon gases rise at lower 
temperatures, permit larger forms. They’re 
easier to control — “Genetron” does not react 
: with other constituents. They cure rapidly, even 
at room temperature...and they’re safer. 
|! “Genetron” -blown foamed-in-place urethanes 
have all the structural advantages of ordinary 
i urethanes! 

Write for our comprehensive technical bulletins, 
“Genetron Blowing Agents for Rigid Urethane 
4 Foam,” and “Determining Genetron Content 

' of Rigid Urethane Foam.” 








Other major components of the urethane foam system 
produced by Allied Chemical: polyethers and Nacconate® 
diisocyanates by National Aniline Division; resins by 
Plastics Division. 
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At the current price for the material of $1.29/lb., 
this means the cost of nitrogen is about $0.545/cu. 
ft. at 77° F. Although its decomposition point in 
air is high, ABFA can be activated by numerous 
additives that are incorporated in the plastic com- 
pound for reasons other than activation. For in- 
stance, vinyl stabilizers containing lead, zinc, and/ 
or cadmium are efficient activators of ABFA. By a 
judicious choice of these and other materials, the 
decomposition temperature of ABFA can be regu- 
lated from 300 to 400° F. This decomposition range 
makes it particularly suitable for foaming viny] 
compounds and polyolefins such as linear poly- 
ethylene. Vinyl foam can be produced with azo- 
dicarbonamide by any one of many manufacturing 
processes involving shaping and expansion of the 
plastic mass (see Table III, p. 412). 

One of the problems connected with the produc- 
tion of thick sections of vinyl foam is the pro- 
nounced degradation of the polymer inside the 
foam due to the high decomposition exotherm of 
most organic foaming agents. Dinitrosoterephthal- 
amide (DNTA) displays the remarkable feature 
of low decomposition exotherm and is therefore 
particularly well adapted (44) to foaming vinyl in 
sections up to 6 in. thick (see Table IV, p. 412). 
Because of its low decomposition temperature, 
DNTA can be employed only in systems which per- 
mit the incorporation of the blowing agent below 
140° F. DNTA has been suggested for foaming of 
vinyl plastisol compounds (45), liquid polyamide 
resins (46), and silicone rubbers (47). 

Another nitroso compound, dinitrosopentamethy- 
lenetetramine (DNPT), is widely used in the rub- 
ber industry but is of limited use in foaming plas- 
tics, due to a high decomposition exotherm and to 
the unpleasant odor of its residue. One patent (48) 
claims this unpleasant odor, particularly pronounced 
in PVC resins, can be eliminated by the use of urea 
and boric acid. 

Of the many sulfonyl hydrazides offered by the 
chemical industry, only one, 4,4’-oxybis (benzene- 
sulfonyl hydrazide) (OBSH), is of commercial im- 
portance in this country. OBSH is used to some 
extent in the extrusion of cellular PE for wire in- 
sulations (49), in casting PVC foams, and for “in- 
place” foaming of epoxy and phenolic resins (50). 
Widest use, however, is in the manufacture of ther- 
mal insulation materials based on blends of syn- 
thetic rubber and thermoplastic resins. In one case, 
use is being made of the unusual property of OBSH 
to simultaneously expand and cross-link the poly- 
mer in the absence of any other conventional cura- 
tives (51). Other sulfonyl hydrazides and azides 
behave similarly to OBSH, although significant dif- 
ferences in curing rates can be observed. One com- 
mercially available sulfonyl azide, 4,4’-diphenyl- 
disulfonyl azide (52) is claimed as an expanding 
and cross-linking agent for polyethylene (53) and 
polystyrene (54). 





New blowing agents 

With the emphasis on high temperature applica- 
tions, new plastics have been introduced in recent 
years. The high softening points and lower melt in- 


FOAMED PLAST! 


dexes of these plastics set new requirements for 
suitable foaming agents. Three new experimental 
blowing agents have been made available for foam- 
ing high melting polymers. In the descending order 
of decomposition temperature, these chemicals are: 
Expandex 177 (55), 240° C.; Genitron THT (56), 
235° C.; and Celogen BH (57), 210° C. These agents 
provide a higher degree of processing safety for ex- 
panding high melting polymers such as polypro- 
pylene (58), linear (high-density) polyethylene, 
and rigid and semi-rigid vinyl, as well as acryloni- 
trile-butadiene-styrene (ABS), polyamide, and 
polycarbonate. 


Processing 


In general, the processing of foamable compounds 
follows closely the operating procedures estab- 
lished for dense products. Careful consideration 
must be given to means of obtaining a homogene- 
ous distribution of the foaming agent in the plastic 
compound. This can be conveniently achieved by 
adding the foaming agent in the form of a dis- 
persion in a vehicle compatible with the basic 
resin (59). The mixing is then carried out in con- 
ventional equipment—churn, colloid mill, three- 
roll mill, or Banbury—the choice of which depends 
upon the viscosity of the plastic compound. Occa- 
sionally, to obtain uniform dispersion, pellets of 
plastic resin are coated with the blowing agent by 
tumbling. Regardless of the method used, the foam- 
ing agent must be incorporated below its decom- 
position temperature to prevent the possibility of 
gas losses taking place in the plastic mass prior to 
expansion. 

The properties of the cellular plastic are, to a 
great extent, determined by the processing step 
during which the decomposition of the blowing 
agent occurs. At this point, the thermoplastic resin 
must possess the proper viscosity or the thermo- 
setting resin must display the required degree of 
cross-linking to retain the liberated gas. However, 
too high a melt viscosity or modulus of the polymer 
may place undue restrictions upon the degree of 
expansion. 


“Two-step”’ method 


Cellular plastics having essentially closed-cell 
structure are being produced under pressure by 
the so-called “two step” method which parallels 
a process developed for making chemically blown 
expanded rubber (60). The decomposition of the 
blowing agent and the fusion of the resin occur in 
a tightly closed mold and under the influence of 
heat; usually the two reactions progress simultane- 
ously (61). After the plastic mass has been cooled, 
the pressure is released and the preformed cellular 
body post-expanded in a hot air oven. Suggested 
improvements of this method have aimed at the 
limination of the time-consuming cooling and re- 
eating cycles. This can be accomplished either by 

hemical cross-linking of the thermoplastic resin, 

s., polyethylene with peroxides (62), PVC with 

yamines (63), or by blending the resin with a 
‘uleanizable elastomer (64). In both cases, the ex- 

nal pressure can be released when the cellular 
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INCREASE 
VOLUME 


of urethane 
flexible foams 
this much 


“Genetron” yields extra cubic volume . . . softer foam! 


with genetron 
Auxiliary Blowing Agents! 


Decreased density! Decreased costs! Den- 
sity goes down—and so do costs—when you 
use “Genetron” fluorocarbon gas in your flexible 
polyether foams! “Genetron” as 10% to 15% of 
your total formulation gives you the startling in- 
crease in volume shown above. You save money! 


Lower compression loads! “Genetron”- 
blown foams are softer . . . make perfect uphol- 
stering material in furniture, auto seats, bedding! 
Our technical service will help you with 
“Genetron” applications right in your own 
plant. Write today for more information about 
this service. 





Other major components of the urethane foam system 
produced by Allied Chemical: polyethers and Nacconate® 
diisocyanates by National Aniline Division; resins by 
Plastics Division. 
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nitrogen producing 
BLOWING AGENTS 


OPEX- economical, factory proven 

NITROPORE- unique cross-linking properties 

EXPANDEX — for high melting polymers 

KEMPORE - odorless, non-staining, 
non-discoloring 


These National Polychemical products are a means 
of introducing small particles of NITROGEN GAS 
into rubber or plastics structures. When developing 
your compounds to meet these new demands, our 
“know-how” is available 
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material is hot without danger of 
cell rupturing taking place in the 
foam. 

Closed-cell high density plastic 
materials are obtained by decom- 
posing the blowing agent during 
the forming operation, e.g., in the 
extruder (65). Low density open- 
cell plastic foam can be made by 
decomposing the foaming agent 
while the plastic mass still has a 
comparatively low viscosity, and 
then subsequently fusing the foam 
structure at higher temperature 
(66). Other foaming methods, 
such as casting, calendering, or 
extruding, followed by post-ex- 
pansion under atmospheric pres- 
sure, yield cellular products con- 
taining both open and closed 
cells (67). 

In recent years, continuous 
foaming processes utilizing chem- 
ical blowing agents have gained 
considerable importance. A novel 
method for continuous expansion 
and curing of cellular neoprene 
in a liquid medium has been pub- 
lished recently (68), but even 
more significant is another new 
process involving a continuous 
vulcanization and expansion of 
any rubber-like materiai in a 
hot-air tunnel oven equipped 
with a vibrating conveyor (69). 
Similar processes have been sug- 
gested for thermoplastics (70). 
However, thermoplastic foams re- 
quire rigid cores (twine, wire) or 
substrates (duck-cloth, stainless 
steel screen or belt) to carry the 
soft material through the expan- 
sion oven (71). 


Applications 

The possible applications for 
cellular plastics can be derived 
from the unique combination of 
the typical properties of the solid 
and gaseous states. The presence 
of a gaseous phase, either contin- 
uous or discrete, within the cel- 
lular material has a_ distinct, 
usually beneficial, effect on cer- 
tain properties of the polymer. 
Cellular plastics display better 
thermal, acoustical, and electri- 
cal insulation properties than the 
solid polymers. They possess im- 
proved dielectric properties, su- 
perior mechanical damping char- 
acteristics, and a higher degree of 
flexibility. The inclusion of a gas 
in the form of discrete cells sig- 
nificantly increases the buoyancy 


of the plastics, while a continuous 
gaseous phase imparts a high de- 
gree of capillarity. Small gas bub- 
bles may change the refractive in- 
dex of the plastic material and 
develop opacity in a clear poly- 
mer. Common to all cellular 
bodies is their lower specific 
weight which can lead to appre- 
ciable savings in raw material 
cost. In fact, reductions in volume 
cost are possible with a decrease 
in density of 10 to 20% without 
significant loss in physical prop- 
erties (72). 
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MITCHELL 


NOW... 


TOP PERFORMANCE 


at a low, 
low price 


with CONTINUOUS OR INTERMITTENT FLOW 


The traditionally high precision of 
NOVO systems for automatic propor- 
tional metering, mixing and metered 
ye green + is now available in simpli- 
fied equipment at a price which is 
surprisingly low. It is superior for 
flexible or rigid foam urethanes (one- 
shot or prepolymers) and epoxies, 
polysulfides, polyesters, polyamides, 
and other liquid elastomers. 

Made of mild or stainless steel and 
Teflon, these NOVO systems have 
outputs from small shots to 9 pounds 
per minute at continuous flow and a 
ratio range from 1:1 to 200:1. Hy- 
draulic pressures up to 500 psi permit 
remote location of mixing oad whos 
desirable. Accurate continuous flow 
is obtained by dual reciprocating 


plungers in each of the reactive com- 
ponent lines. Positive pressure feed 
to metering elements prevents cavi- 
tation. Fillers are maintained in sus- 
pension and temperatures are held 
constant by continuous recirculation 
while idling. Pressure reservoirs uti- 
lize insert liners. 

An integral control panel provides 
for regulation of all variables. A sol- 
vent purge, either manual or auto- 
matic, cleans out the reactive mix 
when equipment is shut down. 

Here is NOVO high accuracy, mix 
homogeneity and complete reliability 
that pays for itself in savings realized 
from “perfect” runs at a price you 
can’t afford to pass by. 


FOR COMPLETE INFORMATION Send an outline of your particular 
needs for an analysis of how Novo Systems can serve you. Equipment 
demonstration, using your materials under actual operating con- 
ditions, may be arranged in Philadelphia. 


SPECIALTY 


DIVISION 
NOVO INDUSTRIAL CORPORATION 
Edmund & Shelmire Sts., Philadelphia 36, Pa. « DEvonshire 3-5400 
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ag nside story 
“on urethanes 


a This is Du Pont'’s fact book on 

“Freon” blowing agents and their 

use with urethane foams. It is designed 

2 for day-to-day use. Each of the nine-sec- 

“FREON” ; f tions is se/f-contained and can be added 

o...giving charts, illustrations, graphs on 

every detail in foaming (check the sections 

alongside). It is free from Du Pont—another 

item in our continued program of technical assist- 

ance to engineers and designers in the field. 

ad Write, on your company letterhead please, to: 

" Du Pont Company, ‘Freon’ Products Division, Wil- 
mington 98, Delaware. 
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if part of your problem 
is in packaging 
solve it 
with Uni-Crest 
... it’s shock resistant! 


Uni-Crest expandable polystyrene, with 
its unique properties of lightweight, 
moisture resistance, high insulating . 
efficiency and maximum shock ab- 
sorption, is particularly suited to many 
applications in the packaging field. 
It is capable of being molded in a 
wide variety of sizes and shapes. 

We would like to send you our. free 
booklet that describes Uni-Crest in 
complete detail. Simply send us your 
name and address. 


UNI-CREST 


EXPANDABLE POLYSTYRENE 


a@ product of United Cork Companies, 
Uni-Crest Div., 28 Central Ave., Kearny, N.J. 


Typical properties using samples at the 
low densities of 1 and 1.25 Itbs./cu./ft: 
Compression Strength — 16-20 Ibs./sq. in.; 
Energy Absorption (max.) — 29.66 in. ibs./ 
cu. in.; Tensile Strength— 44.46 tbs./sq. 
in.; Bending Strength — 28.5 ibs./in. of 
width; Water Absorption —less than 2% 
by volume; Thermal Conductivity (K factor) 
BTU/hr./sq, ft./°F/in. — 0.23 at mean tem- 
perature of 40°F. 
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FLEXIBLE 
PRODUCTS 
COMPANY 


Manufacturer of the most diversified line of 
custom formulated liquid plastic compounds for 
industry. 

Some of these compound systems are: 


WILFLEX Viny! Dispersions 
Plastisols, Organosols, Plastigels, Etc. 


FLEXIPOL Urethane Compounds 
Elastomer and Foam Systems 


FLEXIPON Epoxy Compounds 
Molding Coating and Adhesive Systems 


FLEXEMUL Emulsion Compounds 
Coating and Adhesive Systems 


FLEXILAC Solution Compounds 
Coating and Adhesive Systems 


Fluidized Bed Coating Compounds 
Fireproof Mastic Coating Compounds 


FLEXIBLE PRODUCTS COMPANY has been 
supplying Southeastern industry with the highest 
quality liquid plastic compounds and complete in- 
plant technical service for over 10 years. Our mod- 
ern fully equipped laboratory and staff of sales 
engineers are ready to serve you. 


Since 1951 


FLEXIBLE PRODUCTS COMPANY 


1225 Industrial Park Drive, P.O. Box 306, Marietta, Ga. 


FLEXIBLE EQUIPMENT CORPORATION 
Subsidiary of FLEXIBLE PRODUCTS COMPANY 
Southeastern Distributors of: 

Binks Manufacturing Company: Plastics, 
Resins, and Equipment Division. 


Industrial Heat Engineering Company, 
“any type of heating equipment” 


E. D. Green and Sons, Inc., air compressors 








DISPLAYS 


8-FOOT GIANTS... OR 8,000,000 PIECES! 


WEBER — Custom Molders of Expandable Polystyrene 


Whatever your requirements, Weber’s complete facilities can handle every 
step from design to finished product. Write for 6-page brochure, No. 2-660. 


WEBER PLASTICS, INC. 


Stevens Point + Wisconsin 








MODERN PLASTICS ENCYCLOPEDIA ISSUE 


All they ever ask for is the 
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Pity the poor librarian! Everyone connected with pla 
in her company keeps sending for you-know- what 
you know why, too! Here at their finger-tips are al 
important up-to-the-minute facts and figures for bot 
end-users of plastics materials and for the plastics pro 
ing industry itself. Contains 32 brand new articles, t 
charts, tables and diagrams. Better get your own 
Modern Plastics Encyclopedia Issue . . . . and ke 





all to yourself. 











your best source for urethane chemicals 


and foamed plastics 


No matter what your particular requirements—a 
foam that is rigid or flexible, foamed-in-place or in 
NOPCOFOAM prefoamed slabs and sheets—Nopco can meet them 
with the method and material sure to do the job 


URETHANES best. Nopco has pioneered the development and use 
of urethane foams. 


The Nopco technical staff is ready to work directly 

URETHANE CELLULAR PLASTICS with your own engineers and designers to make sure 

FLEXIBLE FOAMS that the go you by ee rte id products 
Polyether and Polyester Foam in Slabs, Sheets, Cushions maximum advantages at lowest possiiue cost. 


and Fabricated Shapes Remember, no one material is suitable or economical 


fi job. lop the ri : 
RIGID & SEMIRIGID FOAMS or every job. Let Nopco develop the right one for you 
Pour-in-Place Systems: Hi-Density Quasi Prepolymer, 


Medium and Low Density Quasi Prepolymer Freon, 
Semirigid Prepolymer and Quasi Prepolymer, 
Impact Absorbing Prepolymer and Quasi Prepolymer ° 
NOPCO CHEMICAL COMPANY 
PLASTICS DIVISION 


North Arlington, N.J. « 4858 Valley Blvd., Los Angeles, Calif. 
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CADOX B-100 


CADOX BCP 
CADOX BOP 


CADOX BSA 
CADOX BSD 
CADOX BSG 
. CADOX BIP 
CADOX B 160 


: CADOX B 160-T 
| CADOX HOP-85 
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BENZOYL PEROXIDE 
BENZOYL PEROXIDE 
BENZOYL PEROXIDE 
BENZOYL PEROXIDE | 


‘55% benzoyl peroxide with buty! benzy! 





Me 


| Cyclohexanone peroxide granular 


PVC’s 


from the 


McKESSON@ROBBINS 


CHEMICAL DEPARTMENT 


ORGANIC PEROXIDES 


POLYESTERS @ POLYOLEFINS © POLYSTYRENES 


@ SILICONES @ ACRYLICS 


Your Assurance of the Highest Uniform Performance 


DESCRIPTION 


96% — granular 
96% — fine powder 
99% — purified fine powder 
wet, 22%2% water — 


~§0% benzoyl peroxide with tricresy! phos- 
phate designed for repair kit manufacture 


35% benzoy! peroxide with calcium phosphate 


50% benzoyl peroxide with dibuty! phthalate 





95% benzoyl peroxide fine powder with 


stearic acid 


50% benzoyl peroxide finely milled with 
silicone fluid 
50% benzoyl peroxide finely milled with 
__ silicone fluid 
50% benzoyle peroxide with 
tricresy! phosphate 


phthalate 


55% benzoyl peroxide with butyl benzyl! 
phthalate 










































PRODUCT NAME 
_ 50% cyclohexanone peroxide paste with 
CADOX HOP-5OT dibuayl phthalate 
CADOX MDP 60% Gaeta patheote ethyl ketone peroxide in 
outer sie para chlorobenzoyl peroxide with 
CADOX PS eS silicone fluid 
CADOX TBH 72% tertiary butyl! hydroperoxide 
CADOX TOP a 2,4— —- peroxide with 
ap? 2, i ~ aherstaeay persxide with 
CADOX TS 40 & 50 silicone fluid 
CUMENE HYDROPEROXIDE| Assay — 73% 
DIISOPROPYLBENZENE 
_ HYDROPEROXIDE —_| ASS4Y ~ 53% 
LAUROYL PEROXIDE 95% — granular alse wet 
Me enoxtne t NETONE | see Cadox MOP 
PARA~MENTHANE 
HYDROPEROXIDE Assay — 53% 














Applet n, Wisconsir Dallas, Texas 
Atlanta, Georgia Decatur, Illinois 
Baton Rouge, Louisiana Denver, Colorado 


Bloomfield, New Jersey 
Boston, Massachusett 
Buffalo, New York 

, lowa 

edar Rapids, 
North Carolina 
nicago, Illinois 
incinnati, Ohi 

leveland, Ohi 

yjlumbus, Ohi 

ct 


Burlington 


harlotte, 


rpus Chr 


© 
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i, Texa 


Des Moines, lowa 
Detroit, Michigan 
Duluth, Minnesota 
Fort Worth, Texas 
Grand Rapids, Michigan 
Harlingen, Texas 
Houston, Texas 
Kansas City, Missouri 
Little Rock, Arkansas 
Los Angeles, California 
Louisville, Kentucky 


lowa 


McKESSON 
“ROBBINS 


CHEMICAL DEPARTMENT 


Milwaukee, Wisconsin 
Minneapolis, Minnesota 
Mobile, Alabama 

New Orleans, Louisiana 
New York, New York 
Oakland, California 
Odessa, Texas 

Oklahoma City, Oklahoma 
Omaha, Nebraska 

Peoria, Illinois 
Philadelphia, Pennsylvania 
Phoenix, Arizona 
Pittsburgh, Pennsylvania 


155 East 44th Street, 


Portiand, Oregon 
Providence, Rhode Island 
Rock Island, Illinois 
Riverside, California 
St. Louis, Missouri 
Saginaw, Michigan 
San Antonio, Texas 
Sioux City, lowa 
Stamford, Connecticut 
Tampa, Florida 

Tulsa, Oklahoma 
Tucson, Arizona 
Wichita, Kansas 


Write for technical data and catalog of other chemicals for the plastics industry. 
A local Representative will be pleased to call and discuss your requirements. 


be ¥ 


New York 17, New York 





CLAREMONT’S CATALOG CONTAINS EVERY FACT THE PLASTICS 
INDUSTRY SHOULD KNOW ABOUT ITS DISPERSED COLORANTS 


A 


CALIBRATED COLOR 
PASTES FOR: 
Vinyl Calendering 
Vinyl Plastisols 
Polyester Compounds 
Epoxy Compounds 


QWIKMIL COLOR 

GRANULES FOR: 
Vinyl Extrusion 
Vinyl Calendering 


HEAT STABLE 
GOLDS FOR: 
Vinyl Calendering 
Vinyl Extrusion 
Vinyl Plastisols 
Polyesters 


QWIKMIL SOFT 

METALLICS FOR 
Vinyl Calendering 
Vinyl Extrusion 
Vinyl Plastisols 


GRAVURE AND 

FLEXO INKS FOR 
Vinyl 
Polyethylene 


fod’! EF - fs Fe) 


literature CLAREMONT bpicment DISPERSION CORP. « 39 POWERHOUSE ROAD. ROSLYN HEIGHTS, L.1..N.Y. © MAYFAIR 1-8800 
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x 
DEPENDABILITY 


The Research and Technical Staffs of Plastics Color Co. are 
outstandingly reliable in custom color matching. 


/S GNIFORMITY 


Our boast and our pride. Plastics Color delivers a 100% match to all clients’ 


specifications. From year to year, subsequent orders are filled 
without variance from the original specifications. 


— 4% a 
SERVICE 
“On time” deliveries eliminate “down time” problems. 


Plastics Color Co. fills orders and completes deliveries 
with conscientious dispatch. 


FIND COLOR MAGIC IN THESE MANUALS 





INJECTION MOLDERS BLOW MOLDERS 
DRY R 





[ COLOR CONCENTRATES 
rs Mor . A gQ ¢ Mor 





SxATRUDERS VINVt USERS 
NCENTRATE PASTE DRY COLOR 
Mar B 4 Ce rs Mar 
LIQUID RESIN USERS 
R POLYESTER. EPOXY ACRYLICS 
l E 


Requests for free working somples in standard or matched shades will be 


honored with the same promptness that 


is consistently identified with 


PLASTICS Cco., INC. 


S OUR MIDDLE NAME 


22 COMMERCE ST. e CHATHAM, N. J. e ME 5-8600 











UNIFORM COLORS FOR THE PEASTIC tNDUSTRY 


IMPERIAL 


mercadium 


Mercadium Colors are a unique chemical pigment development 
patented by Imperial. The properties of mercadium colors are such that 
they are both versatile and useful. Compounded of the sulfides of mer- 
cury and cadmium, mercadium pigments have permanent non-bleeding, 
heat resistant characteristics that make new color effects possible 
within the range of shades from dark maroon through light orange. 


IMPERIAL COLOR CHEMICAL & PAPER- PIGMENT COLOR DIVISION- GLENS FALLS, N.Y. 


a department of HERCULES POWDER COMPANY 
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ORGANOTIN 


stabilizers 


Used alone for unmatched performance 
in optical clears, or synergistically to 
greatly boost the stabilization char- 
acteristics of less effective stabilizers. 


Thermolite Organotins are the first 
choice for premium crystal clarity in 
PVC—and are often the successful last 
resort when other stabilizers fail under 
difficult processing conditions. 


FOR ULTRA-HIGH TEMPERATURE STABILITY 
in the processing of rigids and semi-rigids 


Thermolite 35 and Thermolite 36— 
These new unique stabilizers are the 
most powerful known for PVC. 

Thermolite 31—Processing at 350 F 
and above is practical with this stabi- 
lizer...the standard stabilizer for heat 
stability in clear or pigmented rigids. 
Thermolite 20—Lubrication is built 
into the molecule of this organotin. 
For use alone or with Thermolite 31, 
as lubrication requirements dictate. 


FOR VERY-HIGH TEMPERATURE STABILITY 
Thermolite 13—Outstanding light sta- 
bility and excellent heat stability are 
contributed by an organotin-dieno- 
philic combination in the molecular 
structure. Particularly suitable for 
plastisols, rigids, semi-rigids and 
blending with other Thermolites. 
Thermolite 17—Combines the heat sta- 
bility of the dienophilic Thermolite 13 
with the high-lubrication of Thermo- 
lite 12. An ideal stabilizer for calen- 
dering and extrusions. 

Thermolite 12—Outstanding light sta- 
bilization and excellent lubrication 
augment good heat stability. These 
properties plus ready solubility in 
plasticizers make it unusually useful 
for plastisols and organosols. 


FOR ALL-PURPOSE ORGANOTIN STABILIZATION 
Thermolite 25—Widely used in plasti- 
sols because of its excellent heat and 
light stability and is especially valu- 
able in slush molding where it gives 
no plate-out problems. 

Thermolite 26—A self-lubricating sta- 
bilizer with good heat and light stabil- 
ity, especially recommended for calen- 
dering vinyl copolymers. 
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CATALYSTS 


Urethane Foam 


A complete line of one-shot foam 
catalysts, including: 


M&T Caratyst T-9—A unique stannous 
catalyst that retains its catalytic 
activity for superior, uniform foams. 
M&T Caratyst T-18—A stannous type 
that helps minimize foam softening. 
M&T Catatyst T-8 (Dibutyltin di-2- 
ethylhexoate) and M&T Caratyst T-12 
—These organotins have been widely 
used, frequently in combination. 
M&T Disutyitin Diacerate—A special- 
ized catalyst used in sprayable rigids. 
M&T Caratyst T-27—A new catalyst 
for spraying formulations. Gives fast 
rising and excellent package stability 
in resin premixes. 

Stannous Ocroate (Stabilized) 
Srannous Oveate (Stabilized) 


Thow fit ‘ 


Ba-Cd 


stabilizers 


A unique, new concept in Ba-Cd stabi- 
lizers for low-cost processing clarity 
and outstanding light stabilization. 


Thermolite 112—A completely aromat- 
ic-based, low-volatility stabilizer 
giving crystal clarity and excellent 
light stability. Soluble in all plasti- 
cizers this Ba-Cd stabilizer overcomes 
plate-out in calendering extrusions. 
Thermolite 116—A superior high-heat- 
stability stabilizer which also provides 
excellent light stability for clear and 
pigmented compounds. 





FLAME 
RETARDERS 


...For incorporation in PVC and other 
chlorine-containing films and coatings 
to provide “non-inflammable” char- 
acteristics. 


M&T Thermoguard* H—High tinctorial 
strength antimony oxide for whites 
and pastels where it contributes use- 
ful white-tinting strength. 

M&T Thermoguard* L—Low tinctorial 
strength antimony oxide; a minimum 
opacity antimony oxide particularly 
suitable for deeper colors. 

M&T Flame Retarder—An antimony- 
based flame retarder that has one-fifth 
the tinting strength of antimony oxide 
and designed for semi-transparent 
plastics or those containing high-cost 
pigments and toners. 


how (it o 


AUXILIARY 


stabilizers 


... Designed to augment the compound- 
ing and performance characteristics of 
the primary stabilizers. 


Thermolite 166—A liquid-zine stabi- 
lizer used in conjunction with Ba-Cd 
types to improve initial color, reduce 
plastisol viscosity and overcome sul- 
fur staining. 

Thermolite 180—An antioxidant- 
stabilizer of purely organic composi- 
tion for use with all metal stabilizers 
to improve light stability, help over- 
come plate-out, and prevent yellowing 


during processing. 
ep ad *Trade Mark 


For information on any of these products write to: 


Sn Sb P 30 
Si Ti 2 ale 


METAL & THERMIT Corporation R 


sat 

















FINE COLORANTS FOR PERFECT COLOR RESULTS WITH ALL 
THERMOPLASTICS, POLYESTERS and EPOXY RESINS 


THE COLOR LABORATORY 


that gave the Plastic Industry... 


COLOR 
COATES 


(GEL-COATS) 





For Polyester 
Reinforced Laminants 


Duastleas 
KLEENeKOLOR | 


A Revolutionary Method of 
in-plant Blending 





One Step Operation for 
marbleized effects 

























ee MASTER BATCH 
«MOTTLES ) COLORS 


* PEARLESCENTS For Low and Hi Flow Polyethylenes, 
Polypropylene and Vinyls. Excellent 
* PHOSPHORESCENTS for Blow Molding Operations 


* METALLICS Se 
* TINSELS 7») COLOR PASTE 
* FLUORESCENTS , DISPERSIONS 


For Polyester and 
Epoxy Resins 
\ 
The one best place to bring all your color problems. 


Put our color specialists’ brains to work for you today. 
Send us your requirements. Let us match and quote. 


Norwalk, Ohio — Chicago, Ill. 
Worchester, Mass. — Ft. Worth, Texas 


| PAV Xsi@ 1Y COLDERS SUPPLY CO., INC. 
Piuastes with Wy Sau 74 SOUTH AVENUE, FANWOOD, NEW JERSEY 
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BRIGHT 
GOLOKS 


a, FOR INDUSTRIAL 
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CADMIUM RED PIGMENTS 


Cadmium Lithopones 


Orange Red No. 7O 
Light Red No. 80, 806 
Medium 

Light Red No. 90, 906 
Medium Red No. 100, 1006 
Dark Red No. 110, 1106 
Maroon No. 120 


CADMIUM YELLOW PIGMENTS 


Cadmium Lithopones 


Primrose No. 20, 206 
Lemon No. 30, 306 
Golden No. 40, 406 
Dark Golden No. —— 456 
Orange No. 50 


(BOTH BLEED PROOF) 


SAMPLES AND COLOR FOLDER 
showing full range of Yellows and 
Reds, CP and Lithopone, will be 
gladly furnished on request. 


KENTUCKY COLOR DIVISION Loon 
THE HARSHAW CHEMICAL CO. 


CLEVELAND 6, OHIO 





hicago « Louisville *« Cleveland «+ Detroit *« Houston + Los Angeles *« Newark « Philadelphia ¢ Pittsburgh 
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exceptionally heat stable « excellent permanence « exceedingly easy to disperse 
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the 
most complete 
line of 
stabilizers, 
epoxies, 
and specialties 
in the 
country 





Advance is the only source for the complete line... backed by tremendous plant facilities, so that you 
get quick delivery... basic research that looks ahead to helping you in the future... and tech service 

that tells you today what you need to turn out an efficient product. For your next stabilizer, epoxy 
or specialty needs, cal! Advance, the only complete source. 








POWDERED STABILIZERS: Barium Cadmium Zinc, Barium Zinc, Barium Cadmium, Calcium Zinc, Organo Tin 
LIQUID STABILIZERS: Barium Cadmium Zinc, Barium Zinc, Barium Cadmium, Lead, Cadmium, Non- 
Toxic, Organic Chelating, Epoxies, Strontium, Zinc, Organo Tin. 


SPECIALTIES: Fungicides, Wetting Agents, Brighteners, Synthetic Waxes, Anti-Blocking 
Agents, Lubricants. 


ADVANCE SOLVENTS & CHEMICAL « DIV. CARLISLE CHEMICAL WORKS, INC. « 500 JERSEY AVE., NEW BRUNSWICK, N. J. 








FOR OPAQUES 


FOR CLEARS 


Stabilizers 


for vinyl plastics 





TRIBASE® (Hydrous tribasic lead sulfate) 


Most basic of the lead sulfates. Used for electrical and other viny! 
compounds requiring high heat stability. 





TRIBASE-E* (Basic lead silicate sulfate) 


LECTRO 60® (Lead chlorosilicate complex) 


“Economical stabilizer for vinyl electrical insulation and vinyl 7 


For low volume cost viny! electrical insulation. 


tapes. 





LECTRO® 77 (Lead chlorophthalosilicate) 


Economical electrical stabilizer for use in 60°C-80°C insulation. 





LECTRO® 78 (Tetrabasic lead fumarate) 


Heat stabilizer | for electrical grade plastisols, phonograph ‘records _ 
and electrical insulation. Vulcanizing agent for chlorosulfonated 
polyethylene. 





DYTHAL® (Dibasic lead phthalate) 





Heat and ligkt ‘stabilizer for general vinyl use. Excellent for high _ 
temperature vinyl! insulation and opaque film and sheeting. 





DYPHOS® (Dibasic lead phosphite) 


Outstanding anti-oxidant; ; heat, light and weather stabilizer in 
Opaque stocks including plastisols and organosols. 








TEMEX* 3, 3A, 5, 5C (Metal salt organics) 





Outstanding stabilizing plus chelating action in vinyl-asbestos _ 
and homogeneous flooring. Sulfide stain resistance . . . no 
lubricity. 





ONCOR* 23A Pigment (Antimony silico oxide) 








For flame resistance in halogenated resin compositions. 





XL Modified Basic Lead Stabilizers 
Special electrical grade stabilizers for substantial improvements in heat 
stability, electrical properties, physical and mechanical properties, and cor. 


DYTHAL® XL 


TRIBASE®* XL TRIBASE-E* XL 


DYPHOS® XL LECTRO60® XL 





PLUMB-O-SIL® B and C (Co-precipitates of lead 
orthosilicate and silica gel) 


For translucent and colored viny! film, sheeting and upholstery 
stocks. 





NORMASAL® (Normal lead salicylate) 


Stabilizer or co-stabilizer for flooring and other vinyl compounds 
requiring good light stability. 





LEADSTAR® (Normal lead stearate) 


Economical lubricating, stabilizing, waterproofing agent for pho- 
nograph records, extrusions. 





DS-207® (Dibasic lead stearate) 


Stabilizer-lubricant for vinyls. Exceflent for vinyl records and as 
co-stabilizer in vinyl insulation. 








FLOMAX® 25 (Liquid barium-cadmium organic) 


Outstanding stabilizer for high heat conditions. Good clarity and 
yellowing resistance. 





PROVINITE® CLARITE® (Barium-cadmium organics) 


Two-part stabilizers for clears. Provinite is general purpose; 
Clarite for extrusions, flooring, molded products. 





NALZIN® N (Liquid zinc organic) 


Co-stabilizer for bariuri-cadmium types. Controls sulfide stain. 





CS-137® (Barium-sodium organic) 


Outstanding stabilizer for transparent organosols and solution 
coatings. Remarkable light and weather resistance. 





BAR-O-SIL* (Complex barium silicate) 


Supplementary stabilizer for barium-cadmium and/or zinc types 
for control of plating, hazing, crocking and dry hand. 





- Gellants for orga 


BENTONE® 27, BENTONE® 38 
a. derivatives of a special magnesium montmorillonite) 


For full data or 
technical assistance, write: 





{ 


seen] 
je eee 


IN) ational pe al 


rai Offices: 111 Broadway, ag Ae ah 


In Canada: CANADIAN TITANIUM PIGMENTS LIMETED. 1401 McGill College Avenue, Montreal! 





COLOR 2 EAL 


STAN-TONE | 


PELLETIZED 
Polyethylene Color Concentrates 


The consumer impact achieved from finished prod- 
ucts of extruded or molded polyethylene is greatly 
determined by faithful duplication of the original 
color sample from the designer. For rich, vivid 
colors or soft, warm colors, matched exactly to the 
color you desire, STAN-TONE PE Polyethylene 
Color Concentrates are your answer. 


Now available in pellet form, STAN-TONE PE 
Colors minimize dusting and combine exceptional 
heat and light stability with high resistance to 
migration, crocking, leaching and bleed. Excel- 
lent in high-density polyethylene applications. 
STAN-TONE PE Colors are ideal for use in pol- 
yethylene containers, film, filament, pipe and 
wire and cable, 


Other STAN-TONE Colors 
for plastic and rubber: 


e STAN-TONE MB Rubber Masterbatch e STAN- 
TONE Dry Colors « STAN-TONE PEP Polyester 
Paste e STAN-TONE PC Paste 


Our laboratories can solve your specific color 


compounding problem. For information, contact: 


ee 


Ak HARWICK STANDARD CHEMICAL Co. 


60 SOUTH SEIBERLING STREET, AKRON 5, OHIO 


ALBERTVILLE, ALA. @ BOSTON 16, MASS. @ CHICAGO 46, ILLINOIS @ GREENVILLE, S.C. @ PICO RIVERA, CALIF. 


@ TRENTON 9, N. J. 
OLD GUNTERSVILLE HWY. 661 BOYLSTON ST. 5717 WN. ELSTON AVENUE 1 NOTTINGHAM RD. 


7225 PARAMOUNT BLVD. 2595 €. STATE ST. 
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CABOT 
CAB-0-SIL 


A pyrogenic colloidal silica with 
superior properties; prepared in a hot 
gaseous environment and not by the usual 


aqueous precipitation process. 


Surprisingly small quantities are 


required to effect startling improvements 


in plastics. Now being used as a 


THICKENING AGENT 
THIXOTROPIC AGENT 
EMULSION STABILIZER 
PLATE-OUT CONTROLLING AGENT 
ANTIBLOCKING AGENT 


TYPICAL PROPERTIES 


Silica Content (Moisture-Free Basis). ........... 

Fuad ERG, hil dans tn btccdn cotnveucecusen 0.2-2.0% 
RUC HCN Cec cesevesccegsvcedenivbun 0.2-1.0% 
GOD, Gide os ccbsahadtcedhcncdvisbessticnienel 0.00% 
FORDD. cathikee céxdadendib bus becseéhdencheacseel 0.004% 
Puen TID. oi ve ccccescatéansvent 0.015-0.020 micron 
Surface Area (Nitrogen Adsorption). ....... 175-200 m.2/gm. 
QR lsc bandusbeiccccksactsbeciadeeodhinrd 2.1 
OO Tccnsitbbctiasessccccoksvudngeawsen cen 1.46 
pH (4% Aqueous Dispersion) ...................6+- 3.5-4.2 


Write for bulletins, technical information 


Minerals & Chemicals Division 














give maximum jetness and 
protection against weathering 
at low cost, in all types of plastics... 


OFT gd ole) f- | om — 


Maximum jetness in polyvinyls and 


nitrocellulose systems 


TU el-) cotta eoloh s-1g 


Excellent pigment for obtaining jet 
blackness in polyvinyl chlorides and 


similar type materials 


vulelatclacisa ra | 
=] ete @ a -t- la ea 


Recommended where increased biackness 
is required. Slightly higher 
in cost than Monarch 74 


vilelat-lacteamra-: | 
Black Pearls 74 


Standard color for use in polyethylene 
Offers good protection against weather and 


Vibigeh Atel Samet -telaclelohitels 


i teleat-laciam-i. 
=] Pete a at -¥-l a ei 


Maximum jetness at low cost 


n 
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CABOT CORPORATION 


125 High Street, Boston 10, Massachusetts, U.S.A, 








Six vinyl films, prepared at the Enjay Laboratories using 
a different plasticizer for each, were exposed outdoors, 
facing due south for six months, with results shown here. 


Enjay helps develop new plasticizer 
for vinyl film and sheeting... 


As a service to plastic manufacturers, 
the Enjay Laboratories have just 
completed a broad evaluation and test- 
ing program on the use of ditridecyl 
phthalate-—DTDP-as a plasticizer for 
vinyl film and sheeting. 

In the outdoor laboratory test shown 
above, the DTDP plasticized film shown 
at right proved far superior in long 
term aging stability and had the least 
dirt pick-up and best clarity of the 


Exc 


sample films tested. DTDP is readily 
synthesized from Enjay tridecy] alco- 
hol and can offer manufacturers of 
items for outdoor applications a better 
quality, longer-lasting viny! film with 
minimum soiling and excellent resist- 
ance to ultraviolet light. Other bene- 
fits of DTDP include: high resistance 
to extraction by soapy water « best 
color and lowest specific gravity of 
esters tested * low water absorption 


ING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


and extraction characteristics. For 
complete information on DTDP as 
a plasticizer for vinyl sheet and 
film ask for Enjay Technical Bul- 
letin No. IC-28. Write to: Erjay, 
15 W. bist St., New York 19, N. Y. 


CHEMICALS 





SALES MAKING ADDITIVES FOR PLASTICS 


Cyanamid additives for plastics can mean longer life, better 


at eg Te _ Sn : Among Cyanamid’s additives for 
wear, less discoloration, minimal brittleness. Or they can mean Gia hasten fsdestey: © Cyesord® 
static-free products—no accumulating dust or lint. Today —they Light Absorbers : Screen out dam- 
WN as ‘ y aging ultra-violet light in vinyls, 
are stimulating growth of new uses and markets for plastics. lacquers and varnishes, reinforced 
« Cyanamid additives will surely bring new sales advantages to polyesters, laminated safety glass, 
, J and other materials. © Antiozi- 
your products, greater satisfaction to your customers, more prof- dants: Minimizes brittleness, dis- 


iy na te ‘ 5 : coloration, cracking, in end uses. 
its for you. If you’d like to see how Cyanamid research and expe- © Antistatics: Greatly reduce 


rience can help you —a letter or phone call to us will start things static electricity accumulation 
s a . and keep finished products 
moving. No obligation. Contact Cyanamid today! e American 


lint-free, dust-free, more saleable. 
Cyanamid Company / Intermediates Dept. / Bound Brook, N.J. 
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CATALYSTS 
ACCELERATORS 
STABILIZERS 


STEARATES 
URETHANE FOAM CURING AGENTS 
FUNGICIDES 


UODEX helps you solve problems...improve your products.., 


with the plastics industry's most complete line of certified quality chemicals 





Whatever your requirement, only NUODEX< can offer you 
a complete line of certified quality products from which to 
select the one best suited to your needs. This certified qual- 
ity assures you of precise control because Nuodex products 
are consistent in their uniformity and performance time 
after time. 

Such dependable performance is the result of Nuodex qual- 
ity control through extensive research and laboratory facili- 
ties. And these facilities perform other vital functions for 
you. They supply experienced technical service and applica- 
tion research to assist you in developing systems to meet 
your specific needs and to help with practical solutions in 
manufacturing. 

Further, Nuodex research pioneers in the development of 
new and better products. The most recent examples are 
Nuostabe V-1008, a superior liquid vinyl stabilizer and 
Nuocure 28, a new improved certified stannous catalyst 
for flexible urethane foams. 

Nuodex representatives all over the United States stand 
ready to serve you in your special fields of interest. And to 
assure you of prompt delivery, Nuodex maintains a nation- 
wide network of strategically located warehouses. 








NUODEX the single source of 
supply for the plastics industry 


Nuodex offers a complete line of certified 
quality catalysts and accelerators for the poly- 
merization of polyester, styrene and vinyl 
monomers, including Benzoyl, Lauroyl and 
M.E.K. peroxide catalysts as well as Cobalt 
accelerators. The growing family of Nuodex 
vinyl stabilizers now includes a variety of 
products identified as Nuostabes. A broad 
range of calcium, zinc, and lead stearates... 
plus a line of fungicides developed for plastics 
... together give you the widest choice of 
special purpose chemicals available from one 
source. 


For a complete listing of Nuodex products, 
see pages 491-496, inclusive, in Chemical 
Materials Catalog. 





SPECIAL PURPOSE CHEMICALS Ay 
NUODEX probucTs bivision (fii 
ELIZABETH NEW RSEY 


HEYDEN NEWPORT CHEMICAL CORPORATION 
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Manufacturing vinyls? Keep her happy in the kitchen with 


ELASTEX PLASTICIZERS 


Credit nature for the girl. But all the many vinyl products 
(colored blue) in her modern kitchen have had outside 
help. They’ve all been improved through the use of one 
or another of Allied Chemical’s complete line of pure 
“ELASTEX” Plasticizers. 

Take “ELASTEX” 90-P Plasticizer. It’s used in the telephone 
wire cord because of its good electrical properties and volume 
resistivity .. .in the dish-rack because it gives excellent 
viscosity to plastisols...in the apron and gloves be- 
cause it leads the phthalates in resistance to soapy water 
extraction. 


PLASTICS DIVISION 


40 RECTOR STREET, NEW YORK 6,N.Y. 


“ELASTEX” 18-P improves performance and color stability 
of the vinyl counter-top and wallpaper. “ELASTEX” 50-B®, 
a high solvating plasticizer imparting oil and water resist- 
ance, and “ELASTEX” 48-P, excellent for general-purpose 
versatility at attractive cost savings, are used in the vinyl 
floor tile. 

These are the quality “ELASTEX” Plasticizers that make 
this a better kitchen—a few of the complete line of plas- 
ticizers which can upgrade any vinyl product you manu- 
facture. It will pay you to hear the complete story. Call 
our representative, or contact us direct. 
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The Quaker Oats Ompany 
PRODUCERS OF 
RAW MATERIALS FOR THE RESIN INDUSTRY— 
FORMULATED BINDERS AND IMPREGNANTS 








Raw Materials for Resin Industry 


QO FURFURAL is a highly pure chemical. It 
is well established in phenolic resin manufac- 
ture because the resins make superior thermo- 
setting molding compounds. 


QO FURFURYL ALCOHOL produces resins 
which cure without external heat to form in- 
fusible, insoluble polymers. The resins also 
are finding application as binders for pow- 
dered carbon and graphite to make extruded 
and molded items. 


@O FURAFIL is a modified cellulosic product 
used as an extender for phenolic glues in the 





Formulated Binders and Impregnants 


QO FURSET is a fast curing binder for core 
sand in the foundry industry. 


QO FAPREG is a low viscosity solution used 
to impregnate carbon or graphite; it resini- 
fies with heat to make strong, non-porous 
products. 


plywood industry and as a filler for high den- 
uy molding compounds. 


QO FACAREB is also a low viscosity solution 
used to impregnate carbon and graphite, but 
specifically designed to give high carbon yield 
on pyrolysis. It is used in manufacturing 
graphite equipment impervious to gas above 
1000°C. 














If you have questions 
concerning our chemical 
raw materials or 
binders or impregnants, 
let our experience 
with these products 
guide your 
initial evaluation. 


The 
Quaker Qals 


Jism | he Quaker Oats Ompany 
CHEMICALS DIVISION 


Room 6154K, 815 Superior Ave., Cleveland 14, Ohio 


Room 534K, 120 Wall Street, New York 5, New York 
Room 434K, 49 S.E. Clay St., Portland!14, Oregon 





original research? 


viscosity stability? staining? 











These Argus products are designed to help you meet specifi., 
exacting performance requirements for your vinyl products, 


liquid stabilizers 


MARK M Barium-cadmium complex. Gives outstanding heat 
and light stability, and excellent initial color. Makes possible 
high temperature processing without the development of yellow 
undertones. 


MARK LL Newest general purpose barium-cadmium stabilizer. 
Gives more heat and light stability, and better retention of the 
true tones of sensitive organic pigments, than any other stabi- 
lizer on the market. May be used with all suspension homo- 
polymer resins. 


MARK KCB Barium-cadmium-zinc com- 
plex. Recommended for resistance to 
sulfide staining. Also gives outstanding 
heat stability to all vinyl compounds 
highly filled with calcium carbonate, re- 
gardiess of resin choice. 


MARK PL Zinc-containing complex. Ex- 
hibits a synergistic action on stability 
and provides high resistance to sulfide 
staining, when used with other Mark 
stabilizers. 


MARK GS Zinc-containing complex for 
plastisols. Provides outstanding air re- 
lease or “bubble break” characteristics, 
and complete freedom from mold plate- 
out. 


MARK XV Cadmium-containing chelat- 
ing agent. Markedly improves the heat 
and light stabilizing action of lead, 
barium, calcium and strontium stabili- 
zers. Recommended as sole stabilizer for applications requiring 
light stability and crystal clarity. 


MARK C Most efficient chelating agent developed. Used with 
barium-cadmium systems, it improves heat stability, provides 
crisper color and superior clarity. Specifically recommended for 
compounds containing high amounts of phosphate plasticizers. 


MARK XX Antioxidant or chelating agent. Increases the effi- 
ciency of a saturated metallic soap or a metallic salt. 


MARK DMY Chelating agent. Developed specifically for appli- 
cations requiring extreme long-term stability. 


MARK X & MARK A Ailkyi tin mercaptides. Specifically recom- 
mended for stabilizing crystal-clear unplasticized compounds 
and certain European emulsion polymerized resins which may 
be difficult to stabilize with conventional barium-cadmium 
stabilizers. 


MARK BB New, multi-purpose stabilizer. Excellent bubble 
break properties (superior to any other stabilizer available). 
Outstanding heat and light stability, low viscosity, and viscosity 
stability throughout processing. 


MARK RFD New barium-zinc stabilizer that gives vinyls com- 
plete freedom from sulfide staining at low cost. Specifically 
recommended for stabilizing plastisol and organosol com- 
pounds used for coating fabrics, etc. Excellent retention of 
color during processing and end use. 


solid stabilizers 


MARK XI Coprecipitated barium-cadmium laurate. Provides 
excellent heat and light stabilization. Also, used with Mark M 
or LL, it is recommended for stabilizing compounds containing 
more than five parts of a phosphate plasticizer. 


Argus 
Mark 
Stabilizers 
& 
Drapex 
WEIR VAS a 


MARK TT Barium-cadmium soap, generally interchangeable 
with Mark X!. Recommended for stabilizing high-phosphate for- 
mutations as well as all general purpose vinyl applications. Gives 
excellent heat stability. 


MARK WS Barium-cadmium complex. Most powerful stabilizer 
available. Recommended where an exceptional degree of long- 
term stability is required. 


MARK E Strontium-zinc laurate. Gives complete freedom from 
sulfide staining. Has a very low degree 
of toxicity. 


MARK JR & MARK JO Barium-zinc 
complexes for the stabilization of highly 
filled compounds such as floor tiles, 
cove moldings, etc. Provide complete 
freedom from sulfide staining. Non- 
lubricating, they do not hinder processing. 


MARK HH & MARK 225 Stabilizers 
specifically developed for vinyl asbestos 
flooring compounds. Give excellent long- 
term stability and retention of initial 
color. Non-lubricating, they do not hin- 
der processing. 


MARK 33, MARK 34 & MARK 35 New, 
non-toxic stabilizers. Give stability su- 
perior to that of any non-toxic stabilizer 
previously available. Withstand the high 
heat needed to process unplasticized 
vinyl. May be used in rigids as the sole 
stabilizer system, and give excellent stability. Approved by the 
Food & Drug Administration. MARK 33 gives exceptional long- 
term heat stability. Recommended for pigmented or darker 
stocks. MARK 34 is recommended where good initial color is 
required. Provides good clarity. MARK 35 gives better initial 
color than Mark 33 and longer stability than Mark 34. 

MARK 99 Barium-cadmium organic complex providing excel- 
lent stability and clarity at low cost for clear rigids. Eliminates 
problems of light stability, cross-staining and offensive odor 
which are encountered with tin mercaptide systems. 


MARK AMP New, modified barium-cadmium organic salt de- 
veloped specifically for vinyl electrical insulation. Gives excel- 
lent resistivity and retains physical properties upon high 
temperature heat aging. Has lower specific gravity than lead 
stabilizers and thus, by volume, costs less than lead stabilizers. 


plasticizers 


DRAPEX 3.2 Octyi epoxy stearate. Recommended where the 
best possible low temperature flexibility is required. Also gives 
good heat and light stability, lower volatility, and greater resist- 
ance to extraction by soaps and detergents. 


DRAPEX 4.4 Octyl epoxy stearate. Has a higher epoxy value 
than Drapex 3.2 and therefore superior heat stabilizing action. 


DRAPEX 6.8 New, epoxidized soybean oil. An extremely com- 
patible epoxy for use in vinyl compounds where superior heat 
and light stability are desired. Especially recommended where 
resistance to oils, low volatility and minimum migration are 
required. Non-toxic —ideal for food packaging. 


DRAPEX 7.7 High-solvating, primary plasticizer with polymeric 
properties. Gives outstanding resistance to staining. Gives low 
volatility and excellent resistance to leaching by water, oil and 
other extractants. 


Argus has the answers 


Call or write for consultation, technical bulletins, samples 


ARGUS CHEMICAL Corporation 633 Court Street, Brooklyn 31, N.Y. Branch: Frederick Building, Cleveland 15, Oh 


Rep’s.: 4. M. Royal, inc., 11911 Woodruff Ave., Downey, Cal.; Philipp Bros. Chemicals, inc., 10 High St., Boston; H. L. Blachford, Ltd., 977 uct St., Montres 
European Affiliates: SA Argus Chemical NV; 33, Rue d'’Anderlecht, Drogenbos, Belgium—Lankro Chemicals, Ltd.; Salters Lane, Eccles, Manchester, Englar 





Here’s a two-fisted FREE OFFER! 


You'll grab a handful of bright ideas when you see and 
test HI-VIZ Fluorescent Pigments for plastics. More con- 
sumer product appeal. More manufacturer profit appeal! 
Send coupon today for FREE samples... . 


HI-VIZ Fluorescent Pigments, either dry or dispersed in 
resins, are available from leading compounders and color 
companies. Ask for Lawter HI-VIZ Colors! 


LAWTER CHEMICALS, INC. 
3550 Touhy Avenue, Chicago 45, Illinois 
Ambassador 2-8400 


an Leandro, Calif. « Chicago, lil. « Toronto, Ont. 
Cleveland,O. e South Kearny, N.J. 


LAWTER CHEMICALS, INC. 


Dept. MPE 3550 Touhy Avenue, Chicago 45, Illinois 


Please send me free HI-ViZ Fluorescent Color Chips, HI-VIZ 
Pigment working sample, 4-Page article from Modern 
Plastics, Fluorescent Pigments for plastics and HI-VIZ 
technical data file. 


Name 
Position 
Company 


Address 








Use CIBA 


effectively 
in these 4 
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POLYVINYL CHLORIDE 


You require: Excellent electrical properties and 
stability to light and heat for wire coatings. 


ALL RED CROMOPHTALS 


(Ask for E-quality to get approved batches.) 


ABS POLYMERS 


You require: Enough heat stability for every pro- 
cessing condition. 300 hours of Fadeometer re- 
sistance even in pink shades. No crocking. 


CROMOPHTAL RED BR 























You require: Good lightfastness in films at rea- 
sonable prices. 


ALL RED CROMOPHTALS 








POLYPROPYLENE 


You require: Heat stability up to 15 minutes at 
572° F. 300 hours of Fadeometer resistance even 
in pink shades. No blooming. 


CROMOPHTAL RED BR 








You require: Perfect heat, light, crocking and 
chemical stability in heavy sheets, upholstery 
materials and tiles. 
CROMOPHTAL RED BR, 
RED GR or RED R 











POLYVINYL CHLORIDE 
ACETATE COPOLYMERS 


You require: Transparent deep reds, fast to light, 
heat, bleeding and sc up. 
CROMOPHTAL RED BR, 
RED GR or RED R 


(For processing via chips, ask your dispersion company.) 


C1BA Company, Inc. 



























can 

these 
properties 
solve 
your 
process 
problems? 


Do you need USP or NF vehicles 
because your plastics come in 
contact with food? Are you looking 
for plastic films with improved 
toughness and flexibility ...or ; 
stabilizers for clear formulations? 
How about a stabilized catalyst 

for urethane foams? These 
chemicals from the Witco Group 
may have the answer to your 
problem. 

For further information 
write to Technical Service 
Dept. P-310. 











WS SONNEBORN CHEMICAL 


AND REFINING CORP. 


Division of Witco Chemical Company, Inc 


WITCO CHEMICAL 


COMPANY, INC. 
122 EAST 42nd STREET 
NEW YORK 17, NEW YORK 


















( MONOPLEX series ) 












modifiers. 





PLASTICIZER 
GRADE 


PARAPLEX G-25 





PARAPLEX G-40 
PARAPLEX G-41 
PARAPLEX G-50 
PARAPLEX G-53 





PARAPLEX G-54 
PARAPLEX G-60 
PARAPLEX G-61 
PARAPLEX G-62 
MONOPLEX S-38 
MONOPLEX S-70 
MONOPLEX S-73 
iL MONOPLEX S-90E 


MONOPLEX DCP 
(Dicapry! Phthalate) 


MONOPLEX DOS 
(Dioctyl Sebacate) 


Dioctyl Phthaiate’ 








Rohm & Haas’ broad line of plasticizers 
for vinyls ranges from monomeric esters 
to complex high molec- 
ular weight polymers (PARAPLEX series). 
In addition, Rohm & Haas offers three 
ACRYLOIDD resins (acrylic polymers) which 
are designed to improve the performance 
properties of rigid and semi-rigid vinyls 
particularly processing characteristics 
and impact strength. 
If you process vinyls, here’s what you 
should know about these plasticizers and 


% Plasticizer 
to give 
10 sec. 
Shore A 

Hardness 
of 77 
40.5 
45 
42 
39.5 
40 
39 
37 
37 
36.5 


35.5 


35 


‘Based on 10 mil thick film specimens. 








?Clash-Berg method using 70 mil moided slab. 
+ Not offered—included for comparison only. 


Activated 
Carbon 
Volatility,’ 
24 Hrs., 
90°C. 
0.6 
0.7 
0.5 
1.1 
0.8 
0.7 
0.8 
0.7 
0.6 
2.0 
8.4 
2.5 


0.9 


7.6 


4.1 
7.6 
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MODIFIERS 


Oil 
Extraction,’ 
10 Days, 
25°C. 
+0.2 
0.2 
0 
3.0 
1.5 
2.1 
4.8 
44 
3.9 
2.7 
20.5 
18.0 


2.7 


16.1 


15.9 
7.7 


Hexane 
Extraction," 
2 Hrs., 
25°C. 
0.9 
0.3 
0.3 
3.6 
1.7 
2.3 
12.1 
11.5 
10.8 
11.5 
23.3 
22.6 


27.7 


24.6 


28.0 
21.8 


1% Soap 
Extraction,' 
24 Hrs., 
90°C. 
0.3 
12.0 
2.3 
8.4 
3.3 
2.6 
1.0 
0.5 
0.2 
17.8 
8.4 
9.4 


0.6 


8.2 


1.0 
7.8 


PLASTICIZER PERFORMANCE PROPERTIES IN EQUAL HARDNESS FORMULATIONS 


PERCENT EXTRACTION LOSS BY: 


Low 
Temperature 
Flexibility, 
Fesene °C. 
—11.5 

—13 
-—11.5 
—15 
-12 
—13 
-18 
—17.5 
—16.5 
—11.5 
—48.5 
—41.5 
—14.5 


—25.5 


—56 
—25 






PARAPLEX 


polymeric plasticizers 





PARAPLEX G-25 
® exceptional permanence 


® excellent compatibility 


® high resistance to 
ultra-violet light 


Paraplex G-25 is a high molec- 
ular weight plasticizer which 
imparts exceptional permanence. 
Properly stabilized vinyl com- 
pounds which contain Paraplex 
G-25 plasticizer are outstanding 
in durability. Paraplex G-25 has 
excellent resistance to extrac- 
tion by gasoline, oil, water, soap 
and detergents, as well as free- 
dom from migration in contact 
with lacquer, alkyd and varnish 
finishes. Compatibility with vi- 
nyl resins is excellent. Original 
physical properties are retained 
even after prolonged service at 
elevated temperatures. 






Typical uses include: high 
grade upholstery sheeting and 
coated fabric, refrigerator gas- 
kets, surgical tapes, insulation 
resistant to high temperature, 
coaxial cable, window channel- 
ing, electrical tapes. 


MONOPLEX DOS 


(dioctyl sebacate) 


© outstanding performance 
at low temperatures 
© low volatility 


@ resistance to extraction by 
soap and detergent solutions 


Monoplex DOS is an ester-type 
plasticizer widely used as a 
standard in vinyl compounds re- 
quiring flexibility at low tem- 
perature. It also provides low 
volatility, high plasticizing effi- 
ciency and excellent resistance 
to extraction by water, soaps 
and detergents. Like other plas- 
ticizers which impart low tem- 
perature flexibility, Monoplex 
DOS is susceptible to extraction 
by hydrocarbons and deficient 
on migration resistance. It is a 
very effective plasticizer for or- 
ganosol and plastisol compounds. 


Typical uses include: primary 
electrical compounds, sheeting 
and film for use at low tempera- 
tures, jacket compounds, strip- 
coating compounds. 


PARAPLEX G-40 


@ high resistance to migration 
into rubber 


® high resistance to extraction 
by oil 


®@ light color 


Paraplex G-40 is a high molecu- 
lar weight polyester plasticizer 
which combines permanence of 
plasticizing action with moder- 
ate cost. In vinyl compounds, 
Paraplex G-40 shows high re- 
sistance to migration into rubber 
and rubber-based materials, high 
resistance to extraction by ali- 
phatic and aromatic hydro- 
carbons, and low losses due to 
volatility. 


Typical uses include: indus- 
trial hose and tubing, industrial 
and domestic flooring, shoe 
liners and counters, electrical 
tapes and industrial aprons. 


PARAPLEX G-41 


®@ exceptionally light color 


In resistance to extraction by 
hydrocarbons and to migration 
into rubber, Paraplex G-41 is on 
an equal footing with Paraplex 
G-40. However, Paraplex G-41 
is superior in compatibility at 
high plasticizer levels and after 
long exposure to humid condi- 
tions, in plasticizing efficiency, 
ease of processing, low-tempera- 
ture properties, and resistance 
to extraction by soapy water. 


MONOPLEX 8-38 


® excellent compatibility 


® good permanence at 
low cost 


Monoplex S-38 is a low-cost pri- 
mary vinyl plasticizer particu- 
larly noted for its good perma- 
nence peepee It is high in 
molecular weight and offers def- 
inite advantages over dioctyl 
phthalate. Monoplex S-38 is 
lower in volatility and better in 
resistance to extraction by oil 
and gasoline. Compounds exhibit 
excellent freedom from tack and 
exudation. Monoplex S-38 also 
proves helpful in improving 
the compatibility of secondary 
plasticizers. 


Typical uses inciude: low-cost 
sheeting, flooring, automotive 
harness tapes, low-cost gasket- 
ing, electrical jacketing stocks. 





PARAPLEX 6-50 


® good processing 
characteristics 


® very good over-all 
permanence 


Paraplex G-50 is a general. 
purpose polymeric plasticizer 
similar to monomeric plasti- 
cizers in its handling and proc. 
essing characteristics. It js 
notably superior to diocty] 
phthalate in resistance to ex- 
traction by oils and hydrocar. 
bons, freedom from volatility, 
and resistance to migration into 
lacquers, rubber, and typical 
baked finishes. Vinyl compounds 
containing Paraplex G-50 are 
very stable, as evidenced by the 
retention of original properties 
after prolonged aging at high 
temperatures. 


Typical uses Include: insula- 
tion resistant to high tempera- 
ture, upholstery sheeting, coated 
fabric, flooring, refrigerator 
gaskets, window channeling, 
surgical tapes, electrical tapes, 
shoe liners and counters, pig- 
ment dispersion vehicles, doll 
compounds. 


MONOPLEXS-10 


® stabilization against effects 
of heat and light 


®@ good performance at 
low temperatures 


on S-70 is designed spe 
cifically to impart flexibility at 
low temperature. It is a very eil- 
cient plasticizer with good prot- 
essing properties and a 
stabilizing effect. It has lower 
volatility than conventional 
ticizers for low tempera 
applications. The stability im 
parted by Monoplex S-70 not 
only permits fast, high-tempert 
ture compounding, but also af 
fords savings in stabilizer 
Organosols and plastisols pre 
pared with Monoplex S-70 are 
of low viscosity and have 
lent viscosity stability. 


Typical uses include: garden 
hose, film and sheeting for us 
at low temperatures, slush-m 
ing compounds, electrical act 
stocks, automotive ins’ 
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PARAPLEX G-54 


@ very light color 
@ low taste and odor 


@ very good compatibility 
at high humidity and 
elevated temperatures 


© high resistance to extraction 
by soapy water and oil 


@ excellent resistance to 
marring of polystyrene and 
baked enamels 


Paraplex G-54 was especially de- 
signed to provide freedom from 
exudation on exposure to high 
humidity at elevated tempera- 
tures. Other noteworthy prop- 
erties which this plasticizer 
imparts include resistance to 
marring of polystyrene, lac- 
quers, and baked enamels; good 
resilience; outstanding plas- 
ticizer efficiency ; good electrical 
properties ; resistance to copper 
corrosion; and resistance to ex- 
traction by soapy water, oils, 
and gasoline. The properties of 
Paraplex G-54 make it particu- 
larly well suited for many appli- 
cations which require resistance 
to both aqueous and organic 
solvents. 


Typical uses include: high- 
temperature electrical insula- 
tion, refrigerator gaskets, 
electrical and surgical tapes, 
babywear film, hospital sheet- 
ing, and upholstery (household 
and automotive). 


MONOPLEX 8-73 


® excellent low-temperature 
flexibility 

® stabilization against effects 
of heat and light 


© unusually good permanence 
at moderate cost 


Monoplex S-73 couples excellent 
low-temperature flexibility with 
good compatibility and low vola- 
tility, and thus offers outstand- 
ing performance over a broad 
temperature range. Its stabiliz- 
ing effects against degradation 
by heat and light further extend 
its fields of use. Relatively low 
price and low specific gravity 
result in production economy. 
This low-viscosity piasticizer is 
particularly useful in plastisol 


applications where it imparts 


exceptional viscosity-stability. 


Typical uses include: rear win- 
dows for convertible automo- 
biles, transparent automobile 
seat covers, garden hose, storm- 
window glazing, slush-molding 
compounds. 


PARAPLEX G-60 


e excellent resistance to 
extraction by soap and 
detergent solutions 


@ stabilization against heat 


@ accepted by F. D. A. for 
food packaging 


Paraplex G-60 is a light-colored, 
high molecular weight, ester- 
type plasticizer which provides 
effective heat and light stabili- 
zation in vinyl chloride poly- 
mers, nitrocellulose lacquers, 
and chlorinated rubber com- 
pounds. It imparts good flexibil- 
ity at low temperature, excellent 
soap and detergent resistance, 
and low volatility loss. Paraplex 
G-60 lowers stabilization costs 
of vinyl compounds and permits 
high temperature processing. 


Typical uses include: general- 
purpose film, babywear, food 
packaging and tubing, uphol- 
stery sheeting, coated fabric, 
glove-dipping compounds, 
flooring. 


PARAPLEX G-61 


This plasticizer is generally 
similar in properties and uses 
to Paraplex G-60. It is superior 
in retention of compatibility on 
long term exposure, has better 
stability against light, and is 
more resistant to extraction 
by oil. 


MONOPLEX 8-90E 


© electrical-grade plasticizer 
® excellent high-temperature 
performance 


@ retention of resistivity after 
prolonged water exposure 


Because it imparts good reten- 
tion of physical and electrical 
properties after heat aging and 
exposure to water, Monoplex 
S-90E is an excellent plasticizer 
for electrical insulation. In ad- 
dition, this plasticizer provides 
unusual permanence, resistance 
to microorganism attack, and 
freedom from copper corrosion. 
Its low viscosity and ease of in- 
corporation also make it useful 
in non-electrical applications. In 
dispersion compounding, it gives 
low-viscosity plastisols with 
very good viscosity-stability. 


Typical uses include: high- 
temperature electrical insula- 
tion, dispersion compounding, 
tapes, gaskets, and coatings for 
awnings and truck tarpaulins. 






















































PARAPLEX G-62 


@ excellent stabilization against 
effects of heat and light 


@ good general permanence 
properties 

®@ good resistance to soap and 
detergent solutions 


@ low taste and odor 


® accepted by F. D. A. for 
food packaging 


Paraplex G-62 is a high molecu- 
lar weight plasticizer which 
combines good permanence 
properties with excellent stabili- 
zation against heat and light. It 
has low volatility, good resist- 
ance to extraction by soap and 
detergent solutions, and high 
compatibility over a wide range 
of concentrations and condi- 
tions. Permits fast calendering 
and low stabilization costs, pro- 
vides uniform color and excel- 
lent resistance to embrittlement 
and discoloration. 


Typical uses include: general- 
purpose film, upholstery sheet- 
ing, coated fabric, refrigerator 
gasket stocks, garden hose, doll 
compounds, food packaging and 
tubing, welting, primary insu- 
lation, jacket stocks, flooring, 
insulation resistant to high tem- 
perature, window channeling. 
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monomeric plasticizers 





MONOPLEX DCP 


(dicapryl phthalate ) 
© general-purpose plasticizer 


Monoplex DCP is a general-pur- 
pose monomeric plasticizer hav- 
ing performancecharacteristics, 
in vinyl resins, virtually identi- 
cal to those of dioctyl phthalate. 
While it shows less resistance to 
extraction by oil and gasoline 
and lower plasticizing efficiency, 
Monoplex DCP withstands deg- 
radation by heat, light and 
outdoor exposure slightly better 
than diocty! phthalate. In plasti- 
sol and organosol compounding, 
Monoplex DCP provides low 
viscosity, both initially and 
upon aging. 


Typical uses include: general- 
purpose replacement for dioctyl 
phthalate. 
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ACRYLOID K-120N 
imparts to rigid vinyls: 


® improved processing 
characteristics 

® better heat and light 
durability 


® higher heat-deformation 
temperature 


Processing improvements with 
Acry'oid K-120N begin right on 
the mill, where a smooth bank 
and faster mixing are percepti- 
ble. Further benefits are: (a) 
Calendering faster machine 
speeds, better roll release, free- 
dom from roll plating, and im- 
proved gloss, (b) Extrusion - 
better surface qualities, freedom 
from plating, and increased heat 
stability, (c) Vacuum forming 
improved flow of the hot sheet as 
it is drawn into the mold. In most 
operations, lower processing tem- 
peratures are permitted. Also, 
time required to rework scrap is 
cut to a minimum. 





in semi-rigid compounds. 





| ‘919 
ACRYLOID KM-228 
gives rigid vinyls: 
®@ very high impact strength 
® improved processing 

characteristics 
® retention of impact strength 


even after considerable 
overmilling and reworking 


Acryloid KM-228 improves sub- 
stantially the impact strength of 
rigid vinyl homopolymers and co- 
polymers. An appreciable im- 
provement is noticed even at low 
Acryloid KM-228 concentrations. 
Acryloid KM-228 modified stocks 
show remarkable retention of im- 
pact properties after prolonged 
heat exposure; this means a re- 
duced amount of rejects and safe 
reworking of scrap. Retention of 
impact strength after exposure to 
ultraviolet light is also excep- 
tional. Acryloid KM-228 is also 
an excellent modifier for PVC 
compounds containing low levels 
of plasticizer. Here, its most val- 
uable contributions are improved 
processing characteristics and 
better low-temperature impact 
strength. 


Typical uses for Acryloid K-120N and Acryloid KM-228 include: viny! 
pipe, window frames and tracks, sliding door channels, moldings, rain 
gutters and spouts, automotive trim, packaging, signs and displays, 
chemical-resistant sheeting, contour maps, refrigerator linings, lug- 
gage, safety helmets, light diffusers, ductwork, and machine parts; trim 
for cameras, air conditioners, refrigerators, radios, and electrical appli- 
ances ; wall paneling and covering for homes, trains, buses, and airplanes. 


Low cost, ready availability, chemical inertness, high abrasion 
resistance, and good electrical properties make rigid polyvinyl 
chloride a very useful material for fabricating a wide variety 
of extruded, calendered, and vacuum-formed plastic products. 
However, the unmodified resin has two rather serious short- 
comings which restrict its usefulness — poor processing char- 
acteristics and low impact strength. These limitations are 
particularly true for the high-molecular-weight resins which 
are lower in cost, have better heat and light stability, better 
chemical resistance, and higher heat-distortion temperatures 
than their lower molecular weight and copolymer counterparts. 


Rohm & Haas offers two acrylic resins, Acryloid K-120N and 
Acryloid KM-228, which eliminate some of the objectionable 
features of rigid PVC. In particular, these modifiers make pos- 
sible the use of the low-cost, high-molecular-weight polymers of 
polyvinyl chloride in applications which were heretofore not 
practical. A third modifier, Acryloid KM-220, is very useful 
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ACRYLOID KM-220 


in semi-rigid formulations, 
confers: 


® good low-temperature 
flexibility, without softness 
at room temperature 

@ better processing 
characteristics 


® good heat stability 


When compounds with low plas- 
ticizer levels are modified with 
Acryloid KM-220, they show im- 
proved low-temperature flexibil- 
ity and low-temperature impact 
strength, and yet, they do not 
manifest undue softness at room 
temperature. Acryloid KM-220 
also provides substantial improve- 
ment in milling, processing, and 
handling properties. In rigid vi- 
nyls, Acryloid KM-220 may be 
used to increase impact strength. 


Typical uses for Acryloid KM- 
220 include: automobile crash- 
pad covers, films for packaging, in- 
jection-molded electrical fittings 
such as plugs for electrical cords. 





PARAPLEX, MONOPLEX and ACRYLOID are trademarks, Reg. U.S. Pat. Off. and in principal foreign countries. 
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You get big advantages from USB epoxy resin curing agents! 
LONG POT LIFE — several weeks to several months. 

LOW TOXICITY — no dermatitis cases on record in handling 
these materials over extended periods. 

LIQUID FORM — allows easy handling and ready miscibility 
with the resins. Curing can be done at relatively 

low temperatures — 2 hours @ 175°F. 


Resins cured with USB curing agents offer 
these desirable properties: 


@ HEAT DISTORTION TEMPERATURES UP TO 130°C. 

@ EXCELLENT ELECTRICAL PROPERTIES. 

@ WATER AND BLUSH RESISTANCE. 

@ RESISTANCE TO AQUEOUS ACID AND BASE. 

@ CLASS B RESINS CAN BE FORMED FOR LAMINATING. 


USB epoxy resin curing agents are readily available in quantities up to 
multi-drum lots. Mail the coupon to bring samples and descriptive literature. 
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C) Please send literature on USB epoxy resin curing agents. 
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THF can dissolve moderate to high molecular weight PVC resins at low cost! As shown above, it takes 
only 4.6 lbs. of THF to dissolve | Ib. of “GEON” 103 E.P.*, cost: $1.61. This is actually less than it 
would cost if MEK were used. In addition, you get the unique advantages of THF described at the right. 


Du Pont Tetrahydrofuran 
Pius Rapid Diffusion 


THF offers these unique advantages as a 
solvent for PVC homopolymers and 
copolymers: 

1. THF yields solutions of high resin content at 
low viscosity. It’s easier to handle . . . makes 
more workable solutions. 

2. PVC resin can be readily dissolved in THF 
and put in solution without heating and with 
conventional stirring equipment. 


3. THF has good diluent tolerance for toluene 
and other extenders. 


4.° pid diffusion and evaporation rate of THF 
permits higher machine speeds than is possible 
with MEK. 
5. THF is easily recoverable—low-cost materials 
such as mild steel can be used in the recovery 
system. . . resulting in further substantial savings. 
You get all of these advantages when using 
THF to dissolve high molecular weight resins. 
You can also get many of these by using THF 
in combination with less powerful solvents for 
low molecular weight resins or copolymers. 
Try Du Pont THF for any of these applications: 








DISTRICT OFFICES 


Boston, Mass.... .45 Fourth Ave., Waltham 54, Mass. Cleveland 20, Ohio........... 11900 Shaker Bivd. New York 1,N.Y..........---- 350 Fifth Avenue 
Charlotte 1, H.C... «6. ccc ce cees 427 W. Fourth St. Dallas 21, Texas.......... 8510 Ambassador Row Phila., Pa... ..308 E. Lancaster Ave , Wynnewood, Pa. 
Chicago 46, ili... . .7250 NM. Cicero Ave., Lincolnwood Detroit 35, Mich.......... 13000 W. Seven Mile Rd. San Francisco 24, Calif.......- 1485 Bayshore Bivé. 
Cincinnati 2, Ohio........ .+ +2412 Carew Tower Los Angeles, Calif.. .. ..P.0. Box 70, El Monte, Calif. Export Division........... Wilmington 98, Delawat 


Du Pont de Nemours international S.A............. Geneva, Switzerland 
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As shown above, THF diffuses through and evaporates from PVC film 2 times faster than MEK. This is why THF means faster 
production speeds at lower cost. Example: A 4 mil coating of “GEON” 103 E.P.* made with THF was applied at a rate of 
1,600 yr./hr. for a total cost of 7.8¢/sq. yd. This is 600 yd./hr. faster and 1.5¢/sq. yd. less cost than if MEK had been used. 


In Top Coatings—THF yields low viscosity- 
high solids solutions of even the highest mo- 
lecular weight homopolymers. . . increases solu- 
tion stability and coating machine speeds... . 
reduces solvent retention . . . promotes excellent 
adherence of top coat to base material. 

In Film Casting—THF makes possible solvent 
casting of high molecular weight vinyl chloride 
homopolymers, resulting in stronger, more uni- 
form films of exceptional clarity . . . increases 
machine speeds . . . reduces “bubble” effect and 
both solvent consumption and retention. 


HF)—High Solvent Power 
nd Evaporation Rates! 


In Printing—THF permits faster press speeds 
. .. provides a quick bite into printing surfaces 
. Teduces smearing between stages . . . its 
chemical stability eliminates degradation of 
pigment colors. 
In Adhesives—THF is the best practical solvent 
for extruded PVC .. . rapidly softens surfaces 
being joined . . . its high evaporation rate in 
combination with less volatile solvents provides 
optimum tack and drying times for all types of 
bonding operations. 
Call Du Pont for prompt deliveries of THF. 


*A representative medium-high molecular weight PVC resin. Similar advantages hold for comparable resins. “GEON” is TM of B. F. Goodrich Chemical Co 
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Basic chemicals for plastics 


By JAMES M. CHURCH* 


Sporting materials for produc- 
tion of plastics resins are in many 
instances the same basic raw ma- 
terials from which many organic 
chemicals are made. In fact, it is 
next to impossible to distinguish 
between organic chemicals and 
the materials from which plastics 
resins are made, for they are one 
and the same. A good example of 
this is phthalic anhydride, a large 
bulk organic intermediate used in 
the production of dyestuffs, plas- 
ticizers, and alkyd resins. There- 
fore, in discussing the utilization 
of basic materials for synthetic 
resins, the inter-relationship of 
plastics intermediates and other 
organic substances, such as sol- 
vents commonly used with plas- 
tics, will be stressed. An attempt 
will be made to emphasize the 
many related products which 
originate from the same basic 
starting material, and find their 
way into plastics compositions of 
all sorts. 


Acetylene 


Ever since World War II, when 
technical missions from the U.S. 
discovered the acetylenic chemis- 
try of Reppé in Germany, there 
has been a steady growth of a 
large group of chemicals produced 
from acetylene. Many of these 
are the monomeric forms of some 
of the most important plastics, 
such as the vinyls. Others are 
more basic organic chemicals, 
such as acetic acid, which is used 
in the production of simple and 
polymeric acetate esters. 

Production of acetylene: The 
majority of the acetylene manu- 
factured in this country comes 
from calcium carbide by a hydra- 
tion reaction with water. Two 
standard methods known as the 
“wet” and “dry” processes are in 
common use today. The main dif- 
ference is in the quantity of water 
employed in the reaction, result- 
ing in the formation of either a 
lime slurry or a dry lime hydrate, 


*Professor, Dept. of Chemical Engineering, 
Columbia University, New York. 
References were prepared by the editors. 
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the latter being suitable for reuse 
in producing the calcium carbide 
used as the starting material. 

Two other processes have re- 
cently been developed for the 
production of acetylene from 
petroleum or natural gas. One is 
the Wulff process which involves 
a pyrolysis of lower paraffinic 
hydrocarbons such as butane to 
form the lower unsaturated hy- 
drocarbons, including acetylene. 
The other, known as the Sachsse 
process, consists of a partial oxi- 
dation of methane of natural gas 
to form acetylene, carbon monox- 
ide, carbon dioxide, hydrogen, and 
water. The yields and economics 
of these latter processes are less 
favorable than with the carbide 
processes and therefore less com- 
petitive. 

Organic intermediates from 
acetylene: There is a large num- 
ber of common aliphatic organic 
chemicals which may be made by 
various reactions, starting with 
acetylene. Only those which are 
of major importance to plastics 
will be mentioned here. The first 
of these are the acetic acid prod- 
ucts which comprise a family of 
substances derived from acetic 
acid or its intermediate, acetalde- 
hyde. When acetylene is reacted 
with water in the presence of 
acetic acid and a mercury catalyst, 
acetaldehyde is formed. About 
50% of this important intermedi- 
ate is produced by this reaction. 
Because of the reactivity of 
acetaldehyde, many related prod- 
ucts may be obtained which in- 
clude: acetic acid, acetic anhy- 
dride, n-butanol, 2-ethyl hexanol, 
ethyl acetate, butyric acid, and 
similar compounds, all of which 
are important to resin production. 

Polymer intermediates from 
acetylene: In addition to the sim- 
ple organic chemicals mentioned 
above, a large number of polymer 
intermediates, better known as 
monomers, are produced from 
acetylene. Most of these are of the 
vinyl plastic group and include 
vinyl chloride, vinylidene chlor- 
ide, vinyl acetate, polyvinyl al- 


cohol, polyvinyl acetals, and 
acrylonitrile. All of these are pro- 
duced by the initial addition re- 
action of acetylene with hydrogen 
chloride, acetic acid, or hydro- 
cyanic acid to form the corre- 
sponding monomers of vinyl 
chloride, vinyl acetate, or acry- 
lonitrile. It is interesting to note 
that the most common of the 
vinyl acetals is polyvinyl butyral, 
the plastic film in safety-glass 
sandwiches. This plastic is made 
from two intermediates obtain- 
able from acetylene; namely, viny] 
acetate and butyraldehyde. 
Another polymer intermediate 
is melamine, used in the produc- 
tion of melamine resins. It is re- 
lated to acetylene, for it is de- 
rived from calcium cyanamid, 
which in turn is produced from 
calcium carbide. In other words, 
instead of producing acetylene 
from calcium carbide, the latter 
is first reacted with nitrogen of 
the air at high temperatures and 
converted to calcium cyanamid. 
This solid material, which resem- 
bles calcium carbide, can then be 
reacted with water and acid to 
form cyanamid, which can be 
polymerized to melamine. 


Ethylene 


Ethylene, a basic raw material 
which is obtained from the crack- 
ing of petroleum and natural gas 
hydrocarbons, is equally impor- 
tant for the production of organic 
chemicals as well as of polymer 
intermediates. One of its largest 
uses is in the production of syn- 
thetic ethyl alcohol. It is also the 
basis for a large group of so- 
called “petrochemicals,” which 
include such common chemicals 
as ethylene glycol, ethyl chloride, 
and many ethyl esters. 

Production of ethylene: The 
production of ethylene is mainly a 
super-catalytic cracking of lower 
paraffinic hydrocarbons such as 
ethane and propane, which are 
previously separated from the 
higher hydrocarbons of cracked 
refinery gas. A typical cracked 
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thane-propane gas may consist 

f 25% methane, 15% ethane, 
12% propane, 19% hydrogen, 7% 
ethylene, 6% propylene, and 16% 
nitrogen, carbon monoxide, car- 
bon dioxide, and minor ingredi- 
ents. Separation of the gas con- 
stitus-ts is an involved process 
mainly of absorption and low- 
temperature distillation, with a 
recycling of the ethane and pro- 
pane to the cracking unit. The 
final separated ethylene gas is 
made to a purity of 99.5 to 99.9%, 
depending upon the use to be 
made of it. 

Organic intermediates from 
ethylene: These materials are 
produced by various reactions 
with ethylene, which readily add 
substances to the ethylenic bond 
for the formation of a large num- 
ber of ethylene derivatives. The 
hydration of ethylene, either di- 
rectly or via ethyl hydrogen sul- 
fate, is the main method for the 
production of ethyl alcohol. Ethyl 
alcohol in turn may be converted 
by dehydrogenation to acetalde- 
hyde, which serves as a second 
source of this important interme- 
diate for the synthesis of many 
aliphatic organic chemicals, as 
indicated in the above discussion 
of chemicals from acetylene. In 
similar manner, ethylene may be 
hydrochlorinated, using HCl in- 
stead of H,O, thus forming ethyl 
chloride, another important or- 
ganic intermediate used in the 
synthesis of ethyl cellulose. By a 
combination of oxidation and hy- 
dration, known as hydroxylation, 
ethylene glycol is produced from 
ethylene. Large tonnage of this 
chemical is being used in the pro- 
duction of alkyd and polyester 
resins, besides its better-known 
use as an antifreeze compound. 
There are also a large variety of 
ethyl compounds such as ethyl 
ether, ethyl acetate, diethyl 
phthalate, and various other ethyl 
esters made from ethylene which 
find their way into plastics. 

Polymer intermediates from 
ethylene: The most important of 
these plastics is polyethylene. 
This material is formed by cataly- 
tic polymerization of ethylene, 
either under high pressures and 
high temperature for the conven- 
tional type of polymer, or at low 
pressures and moderate tempera- 
ture for the high-density type. 
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For the production of polyethyl- 
ene, ethylene of high purity is of 
utmost importance—as high as 
99.9+ percent. 

Second in importance of the 
polymer intermediates is ethyl 
benzene, the starting material for 
styrene production. It is made by 
alkylating benzene with ethylene 
in the presence of an acid catalyst. 
Acrylic esters are made from 
ethylene oxide or chlorohydrin 
derivatives through reaction with 
a cyanide to form the cyanohy- 
drin, which in turn is hydrolyzed 
and esterified. The cyanohydrin 
intermediate may readily be con- 
verted to acrylonitrile, which is 
widely used in the manufacture of 
acrylic fibers and as a modifying 
agent for. the formation of many 
interesting copolymer resins. In 
the production of ethyl cellulose, 
ethylene, in the form of ethyl 
chloride, is used for the ethyla- 
tion of cellulose. 


Propylene 


Propylene, an important petro- 
leum hydrocarbon, is the basis for 
the higher C, aliphatic organic 
chemicals used in the manufac- 
ture of plastics. Processes em- 
ployed follow closely those used 
with ethylene and lead to the 
formation of similar compounds, 
many of which are the next 
higher homolog of the ethylene 
derivatives. Sources of propylene 
are mainly from the super-crack- 
ing of propane and butane mix- 
tures in a similar fashion to the 
formation of ethylene from ethane 
and propane. After separation of 
the propylene from the cracked 
gases, it is distilled to a purity 
which can be as high as 99.0 
percent. 

Intermediates from propylene: 
By similar reactions, propylene 
can be hydrated, chlorinated, 
alkylated, cyanated, and polymer- 
ized to form a great variety of 
derivatives. No doubt the most 
important single organic com- 
pound obtainable from propylene 
is acetone. This is made by first 
hydrating propylene, in an indi- 
rect two-step process involving 
propyl hydrogen sulfate, to form 
isopropyl alcohol. The alcohol is 
then dehydrogenated by an in- 
complete oxidation with air to 
form acetone. Over 90% of the 


acetone which is produced here 
comes from propylene. 

The hydroxylation of propylene 
by a combination of oxidation and 
hydration forms propylene gly- 
cols, which are useful ingredients 
in the synthesis of polyesters. 

A group of products known as 
allyl derivatives have recently 
been developed and they in turn 
have been the basis for synthetic 
glycerine, as well as for the pro- 
duction of allyl ester resins. The 
reactions involved are numerous, 
but start with the high-tempera- 
ture chlorination of propylene to 
form allyl chloride. Hydrolysis of 
allyl chloride leads to allyl alcohol 
from which a variety of allyl 
esters can be made. Further 
chlorination of allyl alcohol and 
subsequent hydrolysis of the gly- 
cerylchlorohydrin, produces syn- 
thetic glycerine. 

The alkylation of benzene with 
propylene is the start of the new 
cumene process for producing 
synthetic phenol, which yields 
acetone as a byproduct. The 
propylated benzene or cumene is 
oxidized under mild conditions to 
the peroxide, which is hydrolyzed 
to phenol and acetone. 

The polymeric materials being 
produced from propylene include 
polypropylene, methacrylates, al- 
lyl ester resins, and propylene 
polyesters. The development of 
the first commercial process for 
producing polypropylene, which 
involves low-pressure polymeri- 
zation of propylene, was recently 
announced in this country. In- 
stead of being just another poly- 
olefin in competition with poly- 
ethylene, polypropylene, being 
an isotactic polymer, possesses 
unique properties which open a 
gamut of uses from fiber to film. 
Polymethylmethacrylate is pro- 
duced from propylene by a proc- 
ess similar to that for making 
acrylics from ethylene. The pro- 
cedure starts with acetone as the 
intermediate, which is cyanated 
with hydrogen cyanide; the 
cyanohydrin is hydrolyzed and 
esterified to the methacrylic ester. 


Butadiene 


Large quantities of butadiene 
were produced during World War 
II to be used for the manufacture 
of synthetic rubber of the Buna-S 
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type. Research has since disclosed 
many uses for this abundant 
starting material in the synthesis 
of organic and polymer inter- 
mediates. One of these is the pro- 
duction of hexamethylenediamine, 
an intermediate for nylon. The 
conversion of butadiene in this 
case consists of a series of reac- 
tions which include chlorination, 
cyanation, and hydrogenation to 
form the diamine. Another use is 
in the formation of copolymers 
with styrene, acrylonitrile, vinyl 
chloride, and other monomeric 
substances, where the butadiene 
imparts flexibility to the polymer. 


Methane 


Methane, main constituent of 
natural gas, is becoming increas- 
ingly important as a basic raw 
material for organic intermediate 
production. “Coal, water, and air” 
for the synthesis of organics has 
today given way to “methane, 
water, and air” for the synthesis 
of a great variety of aliphatic 
chemicals. Synthetic methanol is 
being produced at a rate of over 
a billion pounds a year from 
“synthesis gas,” which is carbon 
monoxide and hydrogen. The pre- 
ferred source of this starting ma- 
terial is from the high-tempera- 
ture hydrolysis of methane which 
forms an excess of hydrogen; the 
older “water gas” from the reac- 
tion of coke and steam was de- 
ficient in hydrogen. The reaction 
of carbon monoxide with hydro- 
gen not only forms methanol, but 
also a variety of other alcohols, 
esters, ketones, etc., and is car- 
ried out at high temperature, high 
pressure, and with selective cata- 
lysts. The greater part of the 
methanol is used in the produc- 
tion of formaldehyde by an in- 
complete air oxidation process. 
Formaldehyde is an important 
plastics intermediate for the pro- 
duction of phenolic and urea 
resins, as well as in casein, soy- 
bean, and zein plastics. In the 
anhydrous form it serves as the 
monomer in the synthesis of the 
new  polyformaldehyde 
resin known as Delrin. 


plastic 


Synthesis gas is also used in 
the production of urea for both 
plastics and fertilizers. The syn- 
thesis gas (CO and H,) is further 
hydrolyzed at high temperatures 
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over an iron catalyst to form ad- 
ditional H, and CO,. These are 
separated by absorption of the 
latter in cold water under pres- 
sure. The hydrogen is utilized in 
the synthesis of ammonia in a 
high-temperature reaction with 
nitrogen, which is obtained from 
the air by low-temperature dis- 
tillation. The synthesis of urea is 
another high-temperature, high- 
pressure reaction between the 
ammonia and carbon dioxide. 
Another intermediate, useful in 
the synthesis of acrylic and 
methacrylic monomers, is hydro- 
gen cyanide. Most of this is now 
being produced either directly 
from methane or indirectly via 
synthesis gas and ammonia. In 
the first instance, methane and 
ammonia are reacted together 
with oxygen of the air and in the 
presence of a platinum catalyst at 
high temperatures to form hydro- 
gen cyanide and water. In the in- 
direct process, methanol is first 
formed from the synthesis gas, 
and then further reacted with the 
carbon monoxide of the synthesis 
gas to form methyl formate. The 
latter is then reacted with am- 
monia to obtain formamide which 
in turn readily decomposes to 
hydrogen cyanide and water. Al- 
though much more involved, the 
indirect process gives higher 
yields with less purification. 


Higher paraffinic 
hydrocarbons 


The higher gaseous saturated 
hydrocarbons of propane, butane, 
and pentane are finding applica- 
tions similar to methane for the 
production of a variety of al 
phatic chemicals which are useful 
in the synthesis and compound- 
ing of plastics. A good example is 
the catalytic air oxidation of pro- 
pane and butane which yields a 
mixture of oxygenated compounds 
consisting of formaldehyde, acetic 
acid, propyl alcohol, acetone, pro- 
pionic acid, butyraldehyde, and 
similar compounds. 


Aromatic hydrocarbons 


Before World War II, the only 
source of aromatic hydrocarbons 
was coal tar, a byproduct of the 
coking ovens. The coal tar was 








separated, by complicated proc- 
esses, into many of its constituents 
but none of these was obtainable 
in a high state of purity. Nowa- 
days, a great share of the aro- 
matic hydrocarbons are obtain- 


able from petroleum through 
refinery processes involving 
cracking, reforming, alkylation, 


cyclization, and dehydrogenation. 
Benzene, toluene, and similar 
common aromatics of high purity 
are obtained. Also obtained are 
the newer alkylated benzenes. 

Intermediates from _ benzene: 
For many years, benzene has 
been basic to a host of aromatic 
chemicals, many of which are im- 
portant intermediates for plastics. 
Phenol, styrene, adipic acids, and 
maleic anhydride (all of which 
find use in the synthesis of high 
polymers), are a few examples. 

No doubt phenol is the most 
important of the benzene deriva- 
tives; over 300 million Ib. are pro- 
duced annually in this country. 
There are three main processes 
for the conversion of benzene to 
phenol, which involve three 
separate intermediates. The older 
and more common of these is the 
B.S.A. (benzene sulfonic acid) 
process involving the sulfonation 
of benzene and _ subsequent 
caustic hydrolysis of the sulfonic 
acid to phenol. The second proc- 
ess utilizes chlorobenzene as the 
intermediate, which is formed by 
the chlorination of benzene. This 
in turn is hydrolyzed to yield 
phenol. The third process was 
mentioned earlier in the discus- 
sion of chemicals from propylene. 
This process involves cumene 
(isopropylbenzene) as the inter- 
mediate. Upon oxidation and 
simultaneous hydrolysis, the 
cumene is converted to phenol 
and acetone. 

Styrene, included in the earlier 
discussion of ethylene derivatives, 
is formed by first alkylating ben- 
zene with ethylene and then de- 
hydrogenating the ethyl benzene 
to produce styrene. Aniline does 
not find much use in the aniline- 
formaldehyde resins, but is use- 
ful in the synthesis of dyestuffs, 
antioxidants, and stabilizers. All 
of these products are essential in 
the compounding of plastics. 

Adipic acid, one of the nylon 
intermediates, is made from 
cyclohexane, obtained either di- 
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rectly from petroleum products or 
by hydrogenation of benzene. The 
latter source is preferred by one 
of the larger nylon producers. 
Adipic acid is produced by a 
three-stage oxidation of cyclo- 
hexane: first to cyclohexanol, 
then to cyclohexanone, and finally 
to adipic acid. The present proc- 
ess involves air oxidation in both 
liquid and vapor phases and is 
quite complex and difficult to con- 
trol. 

Maleic anhydride, which is find- 
ing increasing use in the produc- 
tion of maleate polyester resins, 
is produced by the air oxidation 
of benzene. This process, unlike 
the air oxidation of cyclohexane, 
succeeds in rupturing the ring 
and producing an unsaturated 
dibasic acid directly. The anhy- 
dride is recovered from the oxi- 
dation products by adsorption in 
a mineral oil solvent, thus pre- 
venting its hydration and pos- 
sible inversion to isomeric fumaric 
acid. 

Intermediates from toluene and 
xylene: These materials are simi- 
lar to benzene and represent the 
methyl homologs of the benzene 
derivatives. However, the pres- 
ence of another substituent on 
the benzene ring gives rise to 
isomeric products, some of which 
are difficult to separate. In place 
of phenol, the cresols, both para 
and ortho, are formed by either 
sulfonation or chlorination of 
toluene and subsequent hydroly- 
sis of the intermediate. Methyl 
styrene is now being produced by 
first reacting toluene with ethyl- 
ene to form ditolyl ethane. This 
product, in turn, is decomposed at 
high temperatures, resulting in 
the formation of methyl styrene 
and toluene. 

Xylenols are synthesized from 
xylene in a manner similar to the 
production of phenol via the sul- 
fonic acids or chloroxylenes. The 
most important use for xylenes 
today, however, is in their con- 
version to the corresponding 
phthalic acids by air oxidation. 
Ortho-xylene, now obtainable 
from petroleum sources in high 
quality and at reasonable prices, 
is competing with naphthalene 
for the production of phthalic 


anhydride. Meta-xylene in a simi- 
lar reaction yields isophthalic 
ac and para-xylene gives the 
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terephthalic acid. These latter 
phthalic acids are finding use in 
the polyphthalate-glycol ester 
resins, such as Dacron fiber and 
Mylar film. 

Intermediates from naphtha- 
lene: Naphthalene, obtained chief- 
ly from coal tar, is one of the 
larger and more easily separable 
of the coal-tar constituents. Two 
main products derived from 
naphthalene are  beta-naphthol 
and phthalic anhydride. The pro- 
duction of beta-naphthol (similar 
to the B.S.A. phenol process de- 
scribed above) involves the selec- 
tive sulfonation of naphthalene 
with oleum or concentrated sul- 
furic acid and subsequent alkali 
hydrolysis by high-temperature 
fusion to form the naphthol. This 
intermediate finds uses in dye- 
stuffs, which in turn are used as 
colorants in plastics. The conver- 
sion of naphthalene to phthalic 
anhydride is the same type of 
vapor phase catalytic air-oxida- 
tion process as was described 
for phthalic from ortho-xylene. 
Maleic anhydride is formed as a 
concomitant product with phthalic 
anhydride. 


Cellulose and 
furfural 


For a discussion of cellulose as 
a raw material for plastics, see p. 
165; for a discussion of furfural 
as a basis for the production of 
furane resins, see p. 203. 

Over one-half of the total pro- 
duction of furfural finds use 
as a chemical intermediate for 
the manufacture of hexamethyl- 
enediamine, which is one of the 
starting materials for 
Furfural 
bonylated 


making 
nylon. is first decar- 
to form the parent 
hydrocarbon, furan, and this in 
turn is hydrogenated to tetra- 
hydrofuran. It is then reacted 
with hydrogen chloride to open 
up the furan ring and form the 
1,4 dichlorobutane. Upon cyana- 
tion of the latter with KCN, adi- 
ponitrile is formed and this is 
finally hydrogenated to the hexa- 
methylenediamine. 
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Cc onsumption of ultra-violet 
absorbers by the plastics industry 
has been increasing steadily over 
the past several years. Within the 
past year alone, the amount of 
ultra-violet absorbers incorpo- 
rated into plastic products jumped 
from 750,000 lb. to approximately 
one million lb., a 334% increase. 

Translating one million lb. of 
absorbers into pounds of light- 
stabilized plastics depends on the 
absorber concentrations used. In 
1960, however, the light-stabilized 
plastics consumed can be esti- 
mated as representing over 5% 
of the total 5.5 billion lb. plastics 
market. Because of captive usage 
by various resin suppliers, these 
figures should be considered as 
indicative estimates only. 

About 40% of the absorbers 
used in 1960 were of the benzo- 
phenone and benzotriazole types. 
Principal resin classes stabilized 
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Uitra-violet absorbers 


by benzophenone/benzotriazole 
absorbers can be estimated as: 
vinyls, 100,000 lb. of absorbers; 
polyesters, 75-90,000 lb. of ab- 
sorbers; cellulosics, 70,000 Ib. of 
absorbers; and polystyrene, 50,000 
lb. of absorbers. 

Translating these figures into 
pounds of light-stabilized plastics 
results in: vinyls, 4% light-sta- 
bilized; polyesters, 18% light- 
stabilized; cellulosics, 18% light- 
stabilized; and polystyrene, 2% 
light-stabilized. The total pounds 
represented by these four resin 
classes was 113 million in 1960. 


The need for absorbers 


Outdoor exposure to natural 
sunlight or continuous indoor ex- 
posure in close proximity to fluo- 
rescent light degrades most plas- 
tics. In addition, some plastic 
additives become photosensitizers 
in sunlight and cause a more rapid 
deterioration of materials. 

Photo-degradation of plastics, 
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caused by the ultra-violet portion 
of light, presents a two-fold prob- 
lem. Physical properties must be 
maintained and color preserved. 
Although any change in color is 
undesirable esthetically, loss of 
physical properties endangers the 
useful life of the object involved. 

The plastics industry has recog- 
nized the addition of ultra-violet 
absorbers as the most useful and 
versatile method for solving this 
problem. Ultra-violet absorbers 
act as “scavengers” for the ultra- 
violet components of sunlight or 
fluorescent light. They absorb 
strongly throughout a broad spec- 
trum of the ultra-violet without 
undergoing a change in structure. 

In addition to the two funda- 
mental properties of ultra-violet 
absorption and light stability, sat- 
isfactory absorbers must have 
such other properties as low color, 
good compatibility, heat stability, 
low volatility, chemical stability, 
and chemical inertness. If used in 





TABLE 1: Effectiveness of 2-hydroxy-4-n-octoxybenzophenone and 2,2’-dihydroxy-4-n-octoxybenzo- 
phenone as light stabilizers for polyethylene 





Length of exposure to Arizona sun- 
light, mo. 
Low-density polyethylene 
Control 
With 2,2’-dihydroxy-4-n-octoxy- 
benzophenone 
at 0.1% 
at 0.3% 
With 2-hydroxy-4-n-octoxybenzo- 
phenone 
at 0.1% 
at 0.3% 


High-density polyethylene 

Control 

With 2,2’-dihydroxy-4-n-octoxy- 
benzophenone 

at 0.1% 

at 0.3% 

With 2-hydroxy-4-n-octoxybenzo- 
phenone 

at 0.1% 


at 0.3%. 


% carbonyl 


0.07 0.16 >0.60 _ 


0.01 0.03 0.05 >0.50 
0 0.01 0.03 0.11 


0.01 0.02 0.06 >0.50 
0 0.01 0.02 0.09 


0.01 0.01 >0.20 —_ 


0 0.01 0.03 
0 0.01 0.01 


0 0 0.01 0.03 
0 0 001 0.01 


% elongation Months to 





retained brittle point 
4 6 8 
53 <10 — 4 
100 100 <10 >8 
100 100 90 >8 
100 81 11 >8 
100 100 83 >8 
<5 — — 1 
100 100 50 >8 
100 100 8§=©100 >8 
89 70 14 >8 
93 89 83 >8 
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food packaging applications, ab- 
sorbers must also be non-toxic or 
non-migratory. 


Selecting the absorber 


The benzophenones, particular- 
ly the ortho-hydroxybenzophe- 
nones, have been the absorbers 
most actively used by the plastics 
industry. The benzophenones pos- 
sess a high degree of ultra-violet 
absorption, which can be attrib- 
uted primarily to chelation of the 
ortho-hydroxy group with the 
carbonyl of the benzophenone. 
This chelation apparently gives 
both strong ultra-violet absorp- 
tion and a high degree of light 
stability to the molecule. 

Other commercial types include 
an alkylated 2-hydroxyphenyl- 
benzotriazole, a metal complex, 
hexamethyl phosphoric triamide, 
and several esters of benzoic and 


salicylic acids. The salicylates, 


SPECIFIC USES FOR ABSORBERS 


The plastics materials that have 
already found use for ultra-violet 
light absorbers include: the poly- 
olefins, the polyesters, the poly- 
styrenes, the cellulosics, and the 
vinyls. Each of these is discussed 
in more complete detail below. 


In polyolefins 


The polyolefins have experi- 
enced and will continue to un- 
dergo extremely rapid growth. 
Polyethylene, for example, be- 
came the first billion-pound plas- 
tics in 1959 in spite of the fact 
it is unacceptable in many appli- 
cations because of its instability 
to ultra-violet light. Sales of poly- 
propylene, on the other hand, 
have been estimated as 40 million 
lb. for 1960 and are projected as 
100 million Ib. for 1961 and 260 
million Ib. for 1963 (2). 

Until 1959, carbon black was the 
only light stabilizer compatible 
with the polyolefin polymers. The 
carbon blacks, however, had ob- 
vious limitations (3). 

In 1960, a new absorber (Cya- 
sorb? UV 531) was introduced as 
the second product designed spe- 
cifically to light-stabilize polyole- 
fins. Chemically 2-hydroxy-4- 
n-octoxybenzophenone, it is a 


nark of American Cyanamid Co. 


ULTRA-VIOLET ABSORBERS 


though colorless, offer  rovection 
only below 340 millimicrons. 

Proper selection of an ultra- 
violet absorber to give the best 
cost-performance in a_ specific 
plastic requires a knowledge of 
the wave-lengths that are most 
responsible for its degradation. 
The heliostat is an instrument 
designed to measure this property. 

In a heliostat, a steady beam of 
sunlight is sent into an optical 
system consisting of a concave 
mirror to concentrate the beam 
and a fast spectrometer (1). The 
ultra-violet portion of sunlight is 
spread across the plastics sample 
in exactly the same manner as if 
it were a photographic plate in a 
conventional spectograph. 

Plots of the extent of yellowing 
vs. wave-length of the incident 
light produce an activation spec- 





1 Numbers in parentheses link to References, 
p. 463 


trum. From this spectrum, the 
specific wave-lengths of destruc- 
tion can be determined. 

Other factors governing the se- 
lection of an absorber include: 1) 
thickness of the plastic, 2) tol- 
erance of color, 3) added cost of 
ultra-violet absorber, and 4) ef- 
fect of high concentrations of ab- 
sorber in plastics. 

Most ultra-violet absorbers can 
be incorporated easily into plas- 
tics. Lower-melting absorbers, for 
example, are especially easy to 
disperse by using a hot mill or a 
Banbury. Their rate of incorpora- 
tion is similar to that of oil- 
soluble dyes. 

A more convenient method of 
addition to plasticized materials 
is to dissolve the absorber in the 
plasticizer. The absorber can also 
be added by dry-blending with 
the resin powder or granules prior 
to processing. 





companion product to 2,2’-di- 
hydroxy - 4 - n - octoxybenzophe- 
none (Cyasorb UV 314) intro- 
duced in 1959. 

Both absorbers are pale yellow 
powders that absorb strongly in 
the 300- to 375-millimicron range 
of the ultra-violet. The long alkyl 
group at the ether linkage makes 
each compatible with polyolefins. 

The effectiveness of these ab- 
sorbers in polyolefins is shown in 
Table I, p. 458. Other absorbers 
also compatible with polyethylene 
are p-octylphenyl salicylate and 
a metal organic complex. 

The lack of ultra-violet stability 
is often described as a major ob- 
stacle to growth of both poly- 
propylene and polyethylene. In 
polyethylene, for example, the 
availability of a light-stabilized 
product is expected to increase the 
total market for this polyolefin by 
some 400 to 800 million pounds 
(4). 

The photo-degradation of poly- 
ethylene has been described as an 
ultra-violet-catalyzed oxidation 
reaction (5). The result is a rapid 
embrittlement of the plastic. Low- 
density polyethylene, for exam- 
ple, reaches a brittle point after 
three-months’ exposure to Ari- 
zona sunlight. With high-density 
material, embrittlkement is more 


rapid and occurs after only one 
month in Arizona sunlight (6). 
Polypropylene degrades in a simi- 
lar fashion. 

Light - stabilized polyolefin 
products are beginning to move 
onto the market. In 1960, a light- 
stabilized polypropylene fiber was 
made available. Its initial produc- 
tion is going into the manufacture 
of marine ropes. A light-stabilized 
polyethylene polymer and a 
weatherable polyethylene film 
were also introduced. 

The absorber can be added to 
the raw polyolefin polymer at the 
same time as other ingredients. 
The resultant mixture is then 
subjected to extrusion or mold- 
ing. The absorber can also be 
added to the dry polymer and 
mixed by milling. If milling is not 
followed by either extrusion or 
molding, however, care must be 
taken to be sure that the absorber 
is dispersed thoroughly through- 
out the polymer. 


In polyesters 


Each of the various plastics re- 
acts differently to ultra-violet at- 
tack. The sensitivity of polyesters 
to ultra-violet light, for example, 
is evidenced by yellowing of the 
resin. This solarization phenome- 
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FIG. 1: Using the 
heliostat described 
on p. 459, an acti- 
vation spectrum for 
polyester resins is 
obtained (left). The 
spectrum shows 
that the maximum 
yellowing occurs at 
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FIG. 2: Since the 
spectrum shown in 
Fig. 1 
the low region of 
the 
cause of 
in poly- 


shows that 


ultra-violet is 
primary 
yellowing 
esters, selection of 
an absorber strong 
in this area will 
assure best protec- 


tion at lowest cost 
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non was first considered to be as- 
with the cross-linking 
polystyrene or with isolated ab- 
sorbing centers such as carbonyl 
groups (1). Recent studies have 
that the photo-sensitive 
entity in the polyester formula- 
tions is not polystyrene, but stray 
ketone carbonyl groups that are 
scattered through the polyester 
chains. These groups probably are 


sociated 


shown 


conjugated with one or more car- 
bon-carbon double bonds (7). 
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Fundamental _ studies have 


shown that the low region of the 
ultra-violet, as indicated in the 
graph of Fig. 1, above, is primarily 
responsible for the yellowing ef- 
fect. By selecting an absorber, 
such as 2-hydroxy-4-methoxy- 
benzophenone, that absorbs 
strongly in this area of the ultra- 
violet, the best protection will be 
obtained at the lowest cost to the 
polyester fabricator (8) (see 
Fig. 2, above). 





Ultra-violet absorbers are gen- 
erally used in polyesters in con- 
centrations of 0.25 to 0.35 percent. 
If the absorber is sufficiently 
soluble in styrene monomer, it can 
be added to the resin system from 
a masterbatch solution of the ab- 


sorber in this monomer. Ab- 
sorbers having limited solubility 
in monomeric styrene can be in- 
corporated by stirring into the 
cut polyester resin system. In 
either case, the absorber selected 
must not adversely affect the cure 
rate of the polyester, since any 
change could mean a much lower 
productivity for the equipment. 


In polystyrene 


Light weight, good dimensional 
stability, even light distribution, 
low cost, and easy fabrication 
make polystyrene a desirable ma- 
terial for decorative construction 
applications. Its early use in au- 
tomobile reflector lights and in- 
door light-diffusing louvers, how- 
ever, revealed a weakness in this 
plastic. 

In each of these applications, 
the inability of polystyrene to 
withstand exposure to either nat- 
ural or fluorescent light caused it 
to discolor and crack within a 
short period of time. Outdoor 
exposure tests have shown that 
white polystyrene degrades in 
less than two months and that 
lightly colored polystyrene re- 
sists degradation for more than 
one year (9). 

Incorporating an ultra-violet 
absorber in concentrations rang- 
ing from 0.20 to 0.50% provides 
sufficient light stability to poly- 
styrene for most uses. The ab- 
sorbers are compounded into the 
plastic at the same time as the 
colorants or diffusers. The usual 
practice is to add these materials 
to the polystyrene beads. The 
mixture is then dry-tumbled and 
extruded. 

Considerable research has been 
done by both the lighting and the 
plastics industries to establish the 
most accurate method for accel- 
erated testing of light-stabilized 


materials (10, 11). Their joint 
efforts resulted in the forma- 
tion in 1947 of a “Plastic for 


Lighting Committee” and in the 
acceptance in 1954 of a “Property 
Specification for Polystyrene Used 
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in Fluorescent Lighting Fixture.” 
it was not until 1958, however, 
that the color stability of sty- 
renes was labeled “acceptable” 
for building illumination by the 
Building Research Institute (12). 


in cellulosics 


When exposed to ultra-violet 
light, all cellulosics are known to 
yellow to some degree. In addi- 
tion, relatively thin sections lose 
appreciably in physical properties 
and become quite brittle. Cellu- 
lose nitrate is the most suscep- 
tible to degradation. Cellulose 
acetate butyrate and cellulose 
propionate exhibit the greatest 
resistance to ultra-violet attack. 

Minimizing or preventing dis- 
coloration and physical property 
loss requires absorber concentra- 
tions ranging from 0.2 to 0.5 per- 
cent. The absorber is incorporated 
into cellulosics as a solution in 
the plasticizer used. 


In vinyls 


When exposed to light for pro- 
longed periods of time, rigid vinyl 
will yellow. Plasticized and plas- 
tisol vinyls, however, are subject 
to spotting and eventual physical 
property loss. The discoloration is 
believed to be caused by the de- 


halogenation of the polyene 
structure (13). 
The physical property loss, 


which manifests itself by the 
stiffening and embrittlement of 
the vinyl, has been attributed to 
an ultra-violet catalyzed oxida- 
tion reaction. In each case, the 
plasticizers and other adcitives 
present tend to degrade and ag- 
gravate the problem (14). 


MARKETS FOR ULTRA-VIOLET ABSORBERS 


The markets for ultra-violet absorbers can be defined 
by the end-use markets for plastics. In general, these 


Ultra-violet absorbers, particu- 
larly in conjunction with epoxy 
plasticizers and satisfactory heat 
stabilizers, can provide extremely 
long life for these products (15). 
By absorbing high energy ultra- 
violet light before it can catalyze 
the undesirable degradation re- 
actions, the absorber not only 
protects the plastic itself, but per- 
mits the other additives present 
to be operative over longer pe- 
riods of time. 

Concentrations of ultra-violet 
absorbers ranging from 0.3 to 
0.5% give markedly improved 
light stabilization to rigid vinyls. 
The absorber usually is added to 
a dry powder form of the co- 
polymer and then milled and cal- 
endered or extruded. 

Extreme concentrations as low 
as 0.1% and as high as 2.0% may 
be used in plasticized vinyls. 
Here, the usual procedure is to 
add the absorber to the plasticizer 
prior to compounding the plasti- 
cizer with the vinyl. 

In films made from viny] plasti- 
sols, ultra-violet aksorbers pro- 
tect only when present in suffi- 
ciently high concentrations (1.0 
to 5.0%). The absorber is added 
to the plastisol as a solution in 
the plasticizer used. 


In surface coatings 


For a number of years, ultra- 
violet absorbers have been used 
to a limited degree in a variety of 
surface coatings. Their primary 
function in this application has 
been to protect substrates covered 
by the coating by screening out 
the harmful ultra-violet. In many 
instances, however, the amounts 
of absorbers recommended have 


been so low that no real screen- 
ing has been accomplished. 

Considerable research has been 
done to determine whether the 
ultra-violet component of sun- 
light is responsible for the dis- 
coloration, loss of gloss, crazing, 
and cracking of coatings (16). 
Fundamental studies have shown 
that ultra-violet is a major factor 
in such degradation. Until the 
past year, however, there has 
been relatively limited use of ul- 
tra-violet absorbers in this area 
of application. 

Lack of availability of satisfac- 
tory absorbers has hampered 
the development of this market. 
Since extremely high absorber 
concentrations (up to 5%) are 
often required, cost has also been 
a barrier. In certain premium 
markets, however, the cost of a 
satisfactorily formulated coating 
is more than justified by its su- 
perior performance. 


In colorants 


Whether color fading in plastics 
can be inhibited by ultra-violet 
absorbers depends to a great ex- 
tent on the colorant and to a 
lesser degree on the plastic. An 
easy testing procedure readily de- 
termines what, if any, effect ul- 
tra-violet light has on a specific 
colorant (17). 

For those ultra-violet-sensitive 
dyes or pigments, including an 
appropriate ultra-violet absorber 
in the total formulation can pro- 
duce marked increases in color 
life. At the same time, the ab- 
sorber also serves to prevent color 
distortion by inhibiting any dis- 
coloration which might tend to 
occur in the plastic material itself. 





than indicated. 


end-uses, in decreasing order of importance, are in 
construction materials, furniture, marine, automotive, 


agricultural and aviation applications, wearing apparel, 
and miscellaneous items and processes. 

In detail below are studies of these eight market 
ireas and what they portend in terms of current and 
potential volume use for ultra-violet absorbers. As an 
over-all spectrum of the total market for absorbers, 
y involve applications for each of the plastics de- 
scribed in the foregoing section: polyolefins, polyesters, 

‘lystyrenes, cellulosics, and vinyls. With growing em- 
hasis on plastics’ use out of doors, where ultra-violet 


the 
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resistance is required, potential could be even larger 


Construction 


By far the largest single market for ultra-violet ab- 
sorbers is in construction materials. Although the use of 
light-stabilized plastics in indoor applications repre- 
sents a larger outlet for ultra-violet absorbers at the 
present time, the biggest potential market is in light- 
stabilized products for use outdoors. 

Light-stabilized plastics now used in large quantities 
in outdoor applications are polyester glazing for win- 
dows and polyester sheeting for awnings, roofs, and 
skylights. Polyester swimming pools and the coatings 
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for redwood sidings and display windows can be light- 
stabilized, but few now are. 

Although various coatings have been developed for 
display windows, one of the compounds making an im- 
pact on the market appears to be a coating that elimi- 
nates glare and the heat and fading caused by the 
sun. It reportedly contains a light inhibitor, which 
could well be some type of an ultra-violet absorber (18). 

One of the largest potential outdoor markets for 
ultra-violet absorbers could be in rigid vinyl for gutters, 
sidings, window sashes, and awnings. Its high potential 
is due to the adaptability of the rigid vinyl polymer. 
Before these applications become commercial, however, 
certain basic problems with the polymer and _ the 
other stabilizers will have to be solved. 

Outdoor products that represent a smaller market 
potential for ultra-violet absorbers include caulking 
compounds and PVC plastisol metal coatings. These 
plastisols would serve as a protective coating for metals 
used in industrial construction. 

Light-stabilized clear coatings have already been de- 
veloped in the laboratory. In the clear coating the 
ultra-violet light problem is doubled, since the light 
passes through the coating not only from the top, but 
is reflected by the metal back through to the exterior 
of the coating. 

One of the large, if not the largest, current outlet 
for ultra-violet absorbers is in rigid PVC and poly- 
styrene lighting louvers and recessed ceilings. This ap- 
plication will remain an important one for light stabi- 
lizers until electroluminescent light replaces the fluores- 
cent lighting now used. 

Another important indoor construction application 
for ultra-violet absorbers is in vinyl floor tile. Although 
some absorbers are currently used to protect the vinyl 
tile itself, a greater quantity is used to protect the pig- 
ments used in certain vinyl patterns. 

The same degradation problems inherent in vinyl 
floor tile, i.e., discoloration and cracking, are also 
present in vinyl wall paper and vinyl shower and/or 
window curtains. At the present time, however, ultra- 
violet absorbers are not being used in the manufacture 
of these products. 

Ultra-violet absorbers are being used to some degree 
in polyester shower doors and lamp shades and clear 
plastic window sheeting, but not in the translucent 
plastic window shades. When compared with the in- 
dustry’s total consumption, absorber requirements in 
each of these products is small. 


Furniture 


As in construction materials, outdoor furniture con- 
sumes a greater amount of ultra-violet absorbers than 
indoor furniture. The principal light-stabilized product 
in this market is saran web furniture. 

The new polypropylene fiber is being used, but in 
small quantities. Light-stabilized polypropylene fiber is 
now available. Although polypropylene is an inherently 
stronger polymer, pigmentation problems must be solved 
before it can start to replace saran in this area. 

Small quantities of ultra-violet absorbers are probably 
being used in vinyl-upholstered lawn furniture, vinyl 
and/or polyethylene furniture covers, and coatings for 
outdoor wood furniture. The absorber potential in this 
area, however, will continue to be a relatively unim- 
portant one. 

Polyethylene furniture for both indoor and outdoor 
use in now available as a light-stabilized product. This 
furniture is too new at this time to make any projection 
of its potential. 

Collapsible vinyl and polyethylene swimming pools 
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and swimming pool covers can be considered outside 
furniture items. If they should be light-stabilized, which 
would improve their product life, they could become 
an important use for ultra-violet absorbers. 

The three principal potential areas of use for ultra- 
violet absorbers for indoor furniture or furnishings are 
vinyl upholstery, vinyl draperies, and furniture coatings. 
The most substantial absorber consumption will be in 
the last application—furniture coatings. Currently, ab- 
sorbers are used here only in small quantities, but the 
potential is most impressive. 

In furniture coatings, the absorber serves a dual pur- 
pose. Its more important function is to retard the dis- 
coloration of the furniture wood. The absorber also 
protects the coating from discoloration and loss of 
physical properties; i.e., gloss and film continuity. 


Marine applications 


Marine applications currently represent the third 
largest market for ultra-violet absorbers. The applica- 
tion here with the highest consumption potential is in 
coatings used for wood plankings on decks and hulls 
of marine craft. There are some spar varnishes now 
available to the consumer that have superior weathering 
characteristics. The absorber contained is generally of 
the benzophenone type. 

Running a close second and possibly contending for 
first place would be polyolefin marine ropes. One of the 
new products introduced in 1960 was a light-stabilized 
polypropylene rope. Because this rope floats and has a 
life two to three times greater than that of hemp, it 
should begin to replace hemp for this application in 
the very near future. Most manufacturers of polypropyl- 
ene monofilaments feel that rope is one of their largest 
immediate markets. Expectations are for a consumption 
of 5-10 million lb. of polypropylene for rope by 1965. 

Light-stabilized, clear polyester and _ polyethylene 
boats are also on the market. In most cases, these boats 
serve as auxiliary dinghies for larger craft. 

Ultra-violet absorbers are being used in the gel coats 
for polyester boat hulls. Here, the light-stabilized gel 
coat acts as an ultra-violet screen and prevents the 
ultra-violet light from attacking and discoloring the 
pigmented polyester hull. 

Plastic boat coverings or tarpaulins represent another 
potential market for ultra-violet absorbers. Total con- 
sumption here would be small. 


Automotive uses 


All the convertibles manufactured by at least two of 
the large automobile companies have a vinyl rear win- 
dow that is light-stabilized with a benzophenone ab- 
sorber. For some reason, however, the sales and safety 
advantages of this window have not been merchandised 
to the public. The sales advantage is one of longer 
life. The safety advantage is better visibility because 
the window remains clear longer. 

Some manufacturers of vinyl seat covers and auto- 
mobile safety glass have incorporated ultra-violet ab- 
sorbers in their products. A South African firm, for 
example, has used absorbers in their safety glass for 
several years. If screening out the ultra-violet could be 
shown to reduce the sun’s glare, the use of absorbers 
in the sandwich in safety glass could become an im- 
portant market. 


Agricultural market 


Polyethylene film for greenhouses and plant coverings 
represents the best potential use for ultra-violet ab- 
sorbers in the agricultural market. Some of the PE 
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irden hoses are light-stabilized, but absorber con- 
umption here is small in comparison with the film 
pplication. 

Although there are some “weatherable” polyethylene 
ilms now on the market, their use in greenhouses has 
been limited. The limitation here has been one inherent 
in the construction. A solution to this problem has 
been developed in the laboratory. When this technique 
becomes commercial, this application should consume 
considerable quantities of absorbers. Such a film would 
give the agricultural industry a unique construction 
material that would provide them with the means to 
put up greenhouses in a limited amount of time and 
at low cost. 


Aviation materials 


The use of ultra-violet absorbers in aviation materials 
is very small at the present time. This market, however, 
could be substantial if absorbers were stable to the 
ultra-violet present in space. Research is being done 
to learn the potential of absorbers now commercially 
available and to develop new products particularly 
suited for this application. The products involved: are 
reinforced polyester planes and missiles. 

During the past year, the principal absorber use in 
the aviation industry has been in the well-publicized 
fluorescent identification paints. Made economically ac- 
ceptable by the colorant protection provided by ultra- 
violet absorbers, these so-called “conspicuity” paints 
contain a fluorescent pigment in either an alkyd or 
methacrylate base. The absorber can be formulated into 
the coating itself or placed in a clear top coat that 
is painted over the fluorescent base (19). 

At the present time, these paints are used on military 
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aircraft to help minimize mid-air collisions. The Coast 
Guard and the Navy are also using paints of this 
type to make rescue gear and marine markers more 
conspicuous. 

Future uses for these fluorescent materials are ex- 
pected to include road signs and markers, airport run- 
way and direction markers, and airport service and 
emergency vehicles. 

There may be some ultra-violet absorbers consumed 
in the manufacture of acrylic glazing for the windows 
and cockpits of aircraft. This application could be con- 
siderable if ultra-violet light’s contribution to glare 
were known. 


Wearing apparel 


Most of the products in this market represent only 
a small portion of the total plastics consumed and, 
therefore, do not offer too much potential for ultra- 
violet absorbers. The leading light-stabilized product 
in this market now is polyester buttons. Polyethylene 
sun hats are also light-stabilized, but this is more of a 
novelty application. 

Vinyl raincoats and particularly vinyl umbrellas may 
someday be a sizeable consumer of ultra-violet ab- 
sorbers. At the present time, however, few, if any, of 
these items are light-stabilized. 


Other end uses 


The miscellaneous consumers of ultra-violet absorbers 
are more or less novelty items such as polyethylene or 
PVC flowers. Another specialty use that could possibly 
become a large consumer of absorbers is colored pho- 
tography. Aerosol sprays are now available for use on 
colored prints to prevent them from fading. 
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Antioxidants 


Titties are substances 
capable of inhibiting or slowing 
the rate of oxidation in oxidizable 
materials. They are effective in 
very low concentrations, usually 
in the order of a few hundredths 
or thousandths of 1 percent. The 
chain theory of Christiansen(1)! 
offers an explanation for the 
mechanism of oxidation and “anti- 
oxidation” as follows: The mole- 
cules in an autoxidizable material, 
capable of reacting with oxygen, 
consist at any instant of a limited 
number that have been activated 
or rendered “hot” by the absorp- 
tion of energy. When reaction 
occurs, the activating energy of 
the “hot” molecule is released and 
can be absorbed by another 
molecule of the oxidizable ma- 
terial. Thus, the absorption of a 
limited amount of energy from an 
extraneous source, as from heat 
or light, will set up a chain that 
may lead to the oxidation of a 
relatively large amount of ma- 
terial, unless the chain is broken 
by the absorption of the activat- 
ing energy in a side reaction. The 
antioxidant is conceived to func- 
tion as a chain breaker; that is, it 
is capable of receiving but not of 
passing on the activating energy. 
If the chain length is very long, 
the intervention of a single mol- 
ecule of antioxidant may serve to 
prevent the oxidation of many 
molecules of autoxidizable ma- 
terial, with a consequent slowing 
of the rate of oxidation. 

A theory for the degradation of 
vinyl type polymers is that of free 
radical chain depolymerization or 
depropagation. The rapid produc- 
tion on pyrolysis of some poly- 
mers is explained by chain reac- 
tion liberation of monomer, begin- 
ning at ends of polymer molecules 
or by rupture of C-C bonds and 
proceeding with a long “zip 
length” without transfer. That 
some other polymers give lower 
yields of monomer along with de- 
graded or cross-linked polymers 
may be explained by chain trans- 
fer. Transfer at the tertiary H 
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atoms also controls the molecular 
weight of remaining polymer. 

In chain depolymerization, pro- 
pagation takes place, which is the 
reverse of radical growth in vinyl 
type polymerization. Transfer may 
prevent further depolymerization 
of a macromolecule and at the 
same time can break a stable 
molecule at random. Termination 
may occur by disproportionation 
of two radicals to give one satu- 
rated molecule of low polymer and 
a molecule of low polymer bearing 
a terminal double bond. The chain 
depolymerization theories can ex- 
plain the stabilizing action of small 
concentrations of agents. 


Antioxidants for plastics 


Antioxidants are useful in the 
field of plastics in two different 
ways: 1) stabilization of some 
monomers against premature 
oxidation or polymerization; and 
2) prevention of oxidation of 
polymers, or for inhibiting oxida- 
tion already begun which may be 
caused by oxygen, air, ozone, or 
oxidizing agents of many types. 

Monomers which require stabi- 
lization against oxidation and 
premature polymerization are 
chiefly of the vinyl type (i.e., 
styrene, methyl methacrylate, 
butadiene, etc.). Phenolic ma- 
terials, such as hydroquinone, are 
commonly employed as antioxi- 
dants for vinyl monomers, al- 
though many others are success- 
ful. The polymerization of these 
monomers is often catalyzed or 
initiated by peroxides or other 
oxygen releasing compounds; it 
may be terminated by “short 
stops” which are really antioxi- 
dants, such as various phenols, 
amines, etc. 

Different chemical types of high 
polymers show wide variation in 
oxidation stability (resistance to 
deterioration on aging, exposure 
to light, weathering agents, and 
heat). Antioxidants are added at 
various stages of the manufac- 
ture to retard or eliminate the 
degenerative processes which 
are evidenced by color deteriora- 
tion, loss of flexibility, reduced 
strength, decrease in molecular 





weight and intrinsic viscosity, 
etc. Antioxidants differ among 
themselves with respect to their 
ability to inhibit specific types of 
deterioration. The type and 
amount of antioxidant to be em- 
ployed are determined by the 
type of polymer, as well as the 
specific composition involved. 


Polymer type 

Unsaturated polymers: Poly- 
mers which oxidize most readily 
are those with structural unsatu- 
ration such as natural rubber, 
butadiene and isoprene polymers 
and copolymers (resinous as well 
as elastomer type), coumarone- 
indene, cyclized rubber, rosin and 
its derivatives, etc. These are be- 
lieved to oxidize by a free radical 
chain mechanism involving the 
formation of peroxides, which in 
turn are oxidized to aldehydes 
and organic acids. The eventual 
effect is a splitting of the molecule 
at the point of oxidation or de- 
polymerization in the case of the 
highly linear polymers. Incidental 
effects include development of 
color, odor, bloom, softening or 
stiffening of the composition, etc. 

Recommended antioxidants: 
Aryl amines and phenolic com- 
pounds act as antioxidants. In 
general, alkylation of a phenol 
lowers the oxidation reduction 
potential and enhances the stabi- 
lizing action. Hindered phenols 
are effective antioxidants. 2,6- 
ditertiary butyl para cresol is an 
effective non-discoloring, non- 
staining antioxidant. Aryl phos- 
phites and alkyl aryl phosphites 
are completely non-discoloring 
stabilizers against oxidative de- 
generation. The emulsified stabi- 
lizer is usually dispersed by mix- 
ing in the copolymer latex. 

Saturated polymers: Saturated 
hydrocarbon polymers, e.g., PE, 
polyisobutylene, and polystyrene 
are more resistant than un- 
saturated polymers, but they 
oxidize rapidly at elevated tem- 
peratures and in thin films. Once 
the reaction starts, it apparently 
activates nearby spots in the 
molecule so that degradation is 
progressive in character. The net 
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effects are very similar to those 
on unsaturated polymers of simi- 
lar structure. Many of these prod- 
ucts are used in electrical insula- 
tion so that the effects of ozone 
are important. Effects on elec- 
trical properties are usually de- 
tectable long before changes in 
physical properties become ap- 
parent. . 

The effects of oxidation on 
polyethylene are deterioration in 
physical properties, change in 
electrical properties, loss of 
mechanical strength, cracking 
and splitting, and development of 
rancid odor. 

Recommended antioxidants: 
The antioxidants for thermal 
oxidation are similar to those for 
rubber (i.e., phenols and amines). 
The oxidation due to light is a 
more serious problem. The nor- 
mal antioxidants are not satis- 
factory. The most satisfactory is 
carbon black which acts as a light 
screen. The general effects are the 
same as for thermal oxidation. 
The addition of carbon black 
causes a loss in activity of the 
conventional thermal antioxidants 
due to adsorption (i.e., secondary 
aromatic amines, alkylated phe- 
nols, etc.). In contrast, their thio- 
ether derivatives provide more 
protection against oxidation than 
the sum of the separate contribu- 
tions of carbon black and the sul- 
fur compounds (2). Such as anti- 
oxidant is 2,2’ thiobis 4 methyl-6 
tertbutyl phenol. The antioxidants 
may be added before fabrication 
is done on open rolls, internal 
mixers, or screw type extrusion 
machines. 

Polystyrene is very stable at 
fabrication temperatures and re- 
tains good physical properties at 
all temperatures below heat dis- 
tortion temperatures. However, 
polystyrene is very sensitive to 
degradation by light and has to 
be stabilized to prevent yellow- 
ing in indoor use and is not prac- 
tical for outdoor use. 

Recommended antioxidants: 
The light stabilizers are saturated 
aliphatic and cyclic amines, 
amine oxides, amino alcohols such 
as N_ cyclohexyl aminoethanol 
and diisopropanolamine, as well 
as cyclic alcohols such as 4- 
cyclohexyl-cyclohexanol. The ad- 
dition of 1% of a number of 
amines with ionization constants 
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greater than 10° increases sev- 
eral times the non-yellowing life 
of polystyrene exposed to indoor 
lighting. Hindered phenols (i.e., 
2,6 ditertiary butyl paracresol) 
are effective antioxidants for 
high-impact styrene (styrene- 
rubber copolymer). Stabilizers 
may be incorporated into poly- 
styrene on the mill or initially in 
the monomers. Degradation dif- 
ficulty is avoided to a large extent 
by using a nitrogen atmosphere 
or stabilizers during polymeriza- 
tion to keep oxygen out, which 
could react with monomer to form 
peroxides and aldehydes and 
thus act as catalyst and inhibitor. 
Oxygen can cause yellowing and 
become a weak link and facilitate 
the thermal and light degradation 
of the polymer. 

Methyl methacrylate polymers 
are outstanding in retention of 
color and clarity on exposure and 
heating even without stabilizers. 
However, on aging, chain scission 
may occur with some loss in 
strength. 

Recommended antioxidants: 
Certain chain-end groups such as 
those derived from tetraphenyl 
succinonitrile, or alkyl sulfides 
improve somewhat the stability 
of the polymer toward depoly- 
merization on heating and on ex- 
posure to ultra-violet light. 

Other polymers possessing long 
hydrocarbon chains may oxidize 
preferentially at certain points in 
the chain or at functional groups. 
Polyamides, polyesters, poly- 
ethers, sulfur-containing poly- 
mers, and others containing func- 
tional groups capable of easy oxi- 
dation will normally undergo 
such reactions readily. Polyesters 
are generally more stable than 
polyamides toward oxidation 
changes on heating and in light. 
However, some polyesters can be 
improved by adding antioxidants. 

Recommended antioxidants: 
Phosphite esters (i.e., triphenyl 
phosphite, dibutyl phosphite) 
have become important as stabi- 
lizers for polyesters, polyamides, 
and other polymer types. 

Chlorine-containing polymers 
(polyvinyl chloride, polychloro- 
prene, rubber hydrochloride, 
chlorinated rubber, chlorinated 
polyphenyls, etc.) represent a spe- 
cial class. The first step of deg- 
radation of these polymers is 


usually a loss of hydrogen chlo- 
ride initiated by the action of heat 
or light, creating double bonds. 
Portions of the molecule located 
nearby are activated and more 
double bonds are created by the 
continuance’ 6f the same process. 
The development of color may 
result when these bear certain 
structural relationships to one 
another. Heat and light stabiliz- 
ers which are not antioxidants 
are often effective in preventing 
the first decomposition (i.e., 
stearates, laurates, ricinoleates of 


calcium, barium, strontium, 
organo-tin compounds,  etc.). 
Once the double bonds are 


formed, oxidation of the molecule 
will proceed as with other un- 
saturated compounds so _ that 
antioxidants may be advantage- 
ously employed. 


Some general rules 


Antioxidants are, in general, 
substances which themselves may 
be preferentially oxidized. In a 
few cases the “antioxidant” may 
react with the oxidizing polymer 
to form a reaction product more 
stable toward oxidation than the 
original polymer. The most effec- 
tive antioxidants for many appli- 
cations are in the following gen- 
eral classes: phenols, aromatic 
amines, aminophenols and their 
salts, condensation products of 
amines with aldehydes and ke- 
tones, and thiocompounds (mer- 
captans, thiophenols, _ sulfides, 
etc.). Sulfites, phosphites, and 
other materials are employed on 
oceasion for specific purposes. 
The amines frequently discolor on 
exposure to light. Phenols are 
more successful for light colored 
plastics. The specific antioxidant 
for a given application is usually 
found by empirical means. 
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Stabilizers 


ae of new polymers 
as well as the expanded use of 
older types has placed new de- 
mands on stabilizers which can 
be used to protect these polymers 


STABILIZING POLYVINYL CHLORIDE 


The greatest use for stabilizers 
is still in formulating polyvinyl 
chloride and its copolymers. Re- 
views concerning the structure of 
PVC as well as its thermal de- 
composition and stabilization are 
numerous and some pertinent to 
this subject will be found in Ref- 
ences 1, 2, and 3, p. 471. 

In essence, the two major 
theories proposed on the mech- 
anism of degradation and stabili- 
zation as they affect PVC mate- 
rials are the ionic and the free 
radical theory. These two rival 
mechanisms do not, however, 
completely explain how PVC de- 
composes nor do they explain the 
main features of PVC heat sta- 
bilization by metal salts and or- 
ganic chemicals. Also, too little is 
actually known about the struc- 
ture of PVC and its copolymers. 

The number of materials pro- 
posed as stabilizers for PVC is 
legion, and this fact alone indi- 
cates that very little is actually 
known as to how a stabilizer 
functions. 

Neither the ionic nor the free 
radical theory will fit all of the 
facts as far as the interpretation 
of the degradation mechanism of 
PVC is concerned, in spite of the 
fact that a strong case can be 
made of either theory by using 
different stabilizers. What is more 
important is that these degrada- 
tion theories do not explain or 
point to new methods of stabiliz- 
ing PVC and this is the reason 
for the multitude of different sta- 
bilizers on the market. It thus be- 
comes obvious that the only way 
a stabilizer can be fully evaluated 
is by trying it out, and that sta- 
bilization is more of an art than 
a science. 

The most widely-used stabi- 
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against the effects of heat, light, 
and weather. Covered below are 
the techniques and materials that 
have been created to solve this 
problem with three major cate- 


gories of plastics resins: the poly- 
vinyl chlorides (which are the 
largest consumers of stabilizers), 
the polyolefins, and the polyiso- 
cyanates (in urethane foams). 





lizers are usually metal soaps of 
one type or another with the ex- 
ception of the organotin com- 
pounds and certain organic com- 
pounds. No single metal soap, by 
itself, will protect PVC com- 
pounds during processing and 
then against exposure to further 
heat and/or light. It has become 
usual commercial practice, there- 
fore, to blend one or more metal 
soaps with organic stabilizers. The 
structure change in the different 
stabilizers, outside of the dilution 
and the metal ratios that may be 
used, is principally in the anionic 
portion or the acidic residue to 
which the metal is attached. This 
anionic portion is very important 
when the stabilizer is used be- 
cause of its inherent effect on 
compatibility and other perform- 
ance characteristics. 


Lead stabilizers 


In general, lead stabilizers have 
excellent properties, but at the 
same time have drawbacks par- 
ticularly because of their possible 
reactivity with the resin, plasti- 
cizers, and other compounding in- 
gredients. They are also toxic as 
well as discoloring in the presence 
of sulfur. At present, they are 
widely used in the electrical field 
because of excellent electrical 
properties which are not readily 
obtained with some of the other 
metal soaps. 


Cadmium stabilizers 


Cadmium stabilizers were origi- 
nally proposed for PVC mainly 
because they gave a high degree 
of clarity and performed very well 
in small quantities. The original 
cadmium stabilizers were based 
on napthenic acid; due to the odor 
of this acid, the synthetic 2-ethyl- 
hexoic was employed. Most of the 
cadmium stabilizers at present are 


based on the cadmium 2-ethyl- 
hexoate soap. Cadmium stabilizers 
of this type have excellent clarity, 
good light stability, and good ini- 
tial color during processing, but 
are rapidly exhausted. 

Cadmium laurate has been used 
as a stabilizer particularly for its 
lubricating properties. Cadmium, 
however, is quite expensive. It is 
also toxic and, like lead, it will 
stain in the presence of sulfur. 
Most cadmium stabilizers are 
rarely used by themselves but 
usually with a barium and an 
epoxy and chelator type. Formu- 
lations to prevent sulfur staining 
incorporate a small amount of 
zine soap. 


Barium stabilizers 


Like cadmium, barium soaps are 
rarely used by themselves as sta- 
bilizers but almost always in com- 
bination with other metal salts. 
Barium stabilizers in general have 
better long term heat stability 
than do the cadmiums but are 
very poor on initial color, causing 
typical “pinking.” 

With the advent of the so-called 
barium phenolates, barium stabi- 
lizers are now used in greater 
portions than previously; by the 
proper synergistic compound of 
cadmium octoate and the barium 
phenolate, excellent heat and light 
stability is obtained. Unfortu- 
nately, such combinations do not 
have as great clarity as would be 
desired but this has been over- 
come (4)! by substituting for the 
cadmium aliphatic anionic soaps 
an aromatic nucleus which gives 
immediate clarity and can by 
proper compounding give optical 
clarity. Generally speaking, the 
barium cadmium stabilizers of 
this type usually have a meta! 


1 Numbers in parentheses link to reference 
on p. 471. 
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ratio of about two parts of barium 
o one part of cadmium with a 
phosphite. In the so-called one- 
package systems, small amounts 
of zine are present to give sulfide 
staining resistance. 

For normal PVC compounds, 
1.5 to as much as three parts of 
such a stabilizer combination is 
used to give good processing con- 
ditions as well as good light sta- 
bility. When such stabilizers are 
used in the presence of phosphate 
plasticizers, it is necessary to in- 
crease the phosphite component 
to take care of the poor heat sta- 
bility of such plasticizers. 


Zinc stabilizers 


Zinc compounds came into use 
for PVC stabilization during the 
last war when cadmium was not 
readily available. If properly han- 
dled, good stability results can be 
obtained with zinc. It must always 
be remembered that zinc has a 
powerful catalytic effect on PVC 
and will degrade the polymer by 
extracting HCl; therefore, it must 
always be used with barium 
and cadmium, preferably with 
high amounts of phosphites, for 
maximum performance. Other ad- 
vantages of zinc stabilizers are 
that they overcome the yellowing 
due to sulfur staining and will 
also give better initial color. Zinc 
is cheap and non-toxic, and its 
non-staining properties have 
given great impetus to its use. 
Caution must be exercised, how- 
ever, to adjust the zinc ratio to 
each individual polymer. Other- 
wise, early blackening will occur 
and disastrous effects can result 
during processing. 

Zinc cannot replace cadmium 
completely because of its sudden 
exhaustion. Also, when it is im- 
properly used, it can become a 
rapid degradation catalyst instead 
of a stabilizer. 


Calcium stabilizers 


These metallic soaps have be- 
come of more interest recently 
because of their approval by the 
FDA for non-toxic applications. 
They are used in combination 
with zine soaps and high ratios of 
epoxy compounds, particularly 
those based on epoxidized soy- 
bean oil. Preferred compounds 
are calcium stearate. A main use 
for calcium soaps is with barium 
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soaps for use in vinyl tiles. Care 
must be taken as this is a lubri- 
cant and also has limited com- 
patibility with PVC and could 
cause sweat-out. 


Miscellaneous stabilizers 


Strontium metal salts are in- 
cluded here because they are oc- 
casionally used in some plastisol 
applications. Years ago they were 
quite popular for vinyl coating 
solutions but the more active 
barium-cadmiums have replaced 
most of the strontium stabilizers. 

Sodium salts of various acids 
have been suggested as stabi- 
lizers, particularly to increase 
light stability, and in this class the 
ones used most frequently are the 
sodium salts of partial polyphos- 
phoric esters. Their main draw- 
back is poor heat stability. 

Pentaerythritol has been used 
extensively in certain vinyl floor 
tile compounds, particularly as- 
bestos-filled, to increase heat sta- 
bility and to chelate iron impuri- 
ties which it does quite effectively 
It has a tendency to plate out on 
the calender and also it is very 
readily extractable by water. 

Substituted phenols of various 
types have been recommended 
and some of these materials are 
used to stabilize branch-chain 
alcohol-type plasticizers because 
such alcohols are more susceptible 
to oxidation. 

Epoxy plasticizers which are 
derivatives of cyclohexene oxide 
and similar compounds are used 
as secondary stabilizers but their 
main use is as plasticizers. 


Organotins 


Organotin stabilizers have been 
used commercially for a longer 
time than any others. Dibutyltin 
oxide as well as dibutyltin di- 
laurate were recommended as 
stabilizers for PVC as early as 
1936, and the dilaurate has been 
in continuous use for at least 20 
years. It not only gives good heat 
stability, but also provides excel- 
lent light stability, as well as good 
processing properties and optical 
clarity in practically any PVC 
polymer or copolymer. 

Most of the organotin stabilizers 
are at present based on dibutyltin 
homologs. Various carboxylic acid 
salts have been used, but the di- 
laurate has been the most popu- 


lar. To improve heat stability and 
to take advantage of the diphe- 
nolic properties of maleic anhy- 
dride, dibutyltin maleate was 
synthesized and this material has 
been used for some time. This 
stabilizer by itself has a tendency 
to stick to metal surfaces and, 
therefore, will give difficulties in 
calendering operations. Further, 
if used in a proportion of more 
than 1%, it will exude and pro- 
duce a frosting effect. Excellent 
clarity can be obtained by judi- 
cious use of this stabilizer. It is 
also outstanding for heat and light 
stability. To eliminate the draw- 
backs of the maleate types, vari- 
ous half esters of maleic acid are 
reacted with dibutyltin oxide; 
these overcome the undesirable 
properties of the dibutyltin male- 
ate and are now used in sub- 
stantial quantities in PVC com- 
pounding. They have excellent 
processing properties. Besides the 
carboxylic acid salts, a group of 
stabilizers based on dibutyltin 
alkoxides are available. In gen- 
eral, most stabilizers of this type 
are based on an alkyl maleate to 
improve alkoxide stability. 

A most important group in the 
organotin stabilizers are the thio 
compounds in which there is a 
direct -Sn-S-R bond. 

Many variations of this group 
of compounds are available but 
the two most important ones are 
dibutyltin mercaptide and the di- 
butyltin mercapto acetate. The 
former is a good heat stabilizer 
and has_ excellent processing 
properties. The processing prop- 
erties of the latter are not as good, 
as it is poor in lubricating, but it 
has outstanding heat stabilizing 
properties. It is widely used, par- 
ticularly for various types of rigid 
compounds. 

An outstanding heat stabilizer 
with a tin-to-sulfur bond, re- 
cently announced (5), is poly- 
meric. It is practically twice 
as effective as any other tin sta- 
bilizer for rigid PVC materials, 
which are very difficult to stabi- 
lize. This polymeric stabilizer is 
reported to have no effect on the 
PVC polymer as far as physical 
properties are concerned. As a 
matter of fact, in most cases it is 
claimed that this stabilizer will 
increase the heat distortion tem- 
perature 5 to 10° rather than de- 
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crease it as most other stabilizers 
do. Its reported low extractability 
from rigid compounds and its ex- 
cellent effect on heat distortion, 
plus the ability to process rigids 
at temperatures of 400° F. and 
over have further extended the 
range of organotin sulfur-type 
stabilizers, 

Dioctyl homologs have again 
become interesting because of for- 
eign activities to try to establish 
these non-toxic homologs. The in- 
terest in PVC compounds for food 
applications has created activity in 
such derivatives, and they prob- 
ably will be offered in the U\S.A., 
although no FDA approval has 
been secured as of the time of 
writing. 


Organic stabilizers 

The most widely used organic 
stabilizers are the epoxides, which 
can be either epoxidized oils, such 
as soybean oils, or esters of oils, 
fatty acids, etc. These materials 
are also useful as plasticizers and, 
due to the epoxy groupings, are 
particularly recommended to im- 


STABILIZING POLYOLEFINS 


Stabilization of polyethylene 
has been no particular problem 
since many of the rubber-type 
antioxidants as well as blocked or 
hindered phenols have been quite 
satisfactory. In some cases it is 
not necessary to stabilize poly- 
ethylene and it can be used as is. 
However, the linear variety has 
to be stabilized for almost all 
purposes. 

Polypropylene, on the other 
hand, must be stabilized against 
heat oxidation in order for it to 
be useful. The art of stabilizing 
polypropylene is quite new and a 
tremendous effort is being made 
to develop such stabilizers. 

The patent literature on the 
stabilization of polyolefins, and 
polypropylene in particular, is 
becoming voluminous, especially 
concerning the Ziegler type and 
similar catalyzed polyolefins. 

In order to understand the ur- 
gency and necessity for stabili- 
zation of stereoregulated poly- 
propylene, one must look at the 
structure of a propylene polymer 
of the isotactic type. 


The polypropylene molecule 
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part light stability. In general, 5 
to 10% is used and they are ef- 
fective in increasing heat stability 
of plasticizers, such as the phos- 
phate types. Most generally used 
are the epoxidized oils, but they 
must be used cautiously, or exu- 
dation and tacky films result. 
Another group of epoxy com- 
pounds are the so-called chemical 
epoxies which are based on the 
reaction of bisphenol and epi- 
chlorohydrin or modifications of 
same. Most of these are of a res- 
inous or semi-resinous nature and 
are used in a minority in PVC 
polymers, largely because of poor- 
er compatibility and high cost. 
However, they are preferred over 
epoxidized oils in some cases. 
The organic phosphites are still 
another group of purely organic 
compounds that are very promi- 
nent in the stabilization field. 
Their exact function has never 
been clearly defined although cer- 
tain patents claim that they im- 
prove or prevent haze formation 
in PVC films. It has been pre- 
sumed that such phosphites will 





chelate the metal chloride formed 
during stabilization reaction, and 
thus give haze-free film. They 
have been used for many years as 
antioxidants or inhibitors in lu- 
bricating oils as well as in natural 
and synthetic rubbers, and prob- 
ably their main function is as an 
antioxidant. They rarely function 
by themselves in PVC and to get 
maximum properties they must 
be used with a metal salt stabi- 
lizer. In general, liquid cadmium-, 
zinc-, and barium-phosphite sta- 
bilizers are probably the most 
widely employed at present. 
These are all proprietary type 
compounds and the ratio of the 
different metals and other ingre- 
dients is important, depending on 
the end use of the polymer and 
the type of PVC used. Mixed 
phosphites can give special heat 
stability effects. For instance, tri- 
phenyl phosphite, which has been 
used for many years, is being 
gradually replaced by the mixed 
alkyl or alkyl-aryl type phos- 
phites. In many compunds, these 
will give better heat stability. 





differs from the polyethylene 
molecule in that there is a methyl 
group attached to every other 
carbon in the polymer chain. Also, 
in linear polyethylene, there are 
practically no branches on the 
chain. In the case of low-density 
polyethylene, probably two or 
three side chains exist per hun- 
dred carbon atoms. This differ- 
ence in structure is the main 
cause for its instability and for 
the absolute necessity of having 
a good stabilizer. It is known that 
a hydrogen atom which is at- 
tached to the tertiary carbon atom 
is much more susceptible to oxi- 
dation than a hydrogen atom at- 
tached to carbon atoms which are 
connected with only one or two 
other carbons. This is readily 
shown when the oxygen uptake of 
polypropylene is measured against 
that of polyethylene at elevated 
temperatures. A 200° F., unstabi- 
lized polypropylene will absorb 
oxygen at 0.12 cc./g./min. and 
have an induction period of 11 hr., 
whereas linear polyethylene has 
almost a 15 times higher induction 
period and then only absorbs 


oxygen at 0.003 cc./g./min. This 
shows the absolute necessity of 
antioxidants in polypropylene 
stabilizers. 

Antioxidants similar to those 
used with lubricating oils and 
rubber have been suggested. The 
antioxidants must not add color to 
the polymer itself and the non- 
staining type are preferred. The 
antioxidants that seem to be get- 
ting most interest commercially 
are the 4,4’-bisphenols and bis- 
phenol sulfides. 

A recent patent (6) claims the 
use of nickel bis-(p-octylphenol) 
mono sulfides as a stabilizer in 
polyethylene at 0.05 to 5% to pre- 
serve elongation and flexibility of 
the polymer after prolonged ex- 
posure to ultra-violet light. A 
mixed ester of higher alcohols 
(predominantly the lauryl) of 
thio-dipropionic acid is promi- 
nently mentioned as being useful 
as a stabilizer for polyolefins and 
particularly as an antioxidant (7). 
Recommended addition is 200 to 
2000 p.p.m. of this antioxidant to 
linear polyethylene. But to get 
similar protection for polypropy- 
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ene resins the recommendations 
are 200 to 10,000 p.p.m. 

It has been proposed (8) to sta- 
bilize polyolefins with carbon 
black and a carbocyclic thioether 

for instance, dibenzyl-sulfide. It 

; claimed that the use of such 
sulfides with carbon black gives a 
tremendous synergistic action and 
this phenomenon has been further 
explored (9). Commercially avail- 
able is 4,4’-butylidene bis (6-ter- 
tiary butyl metal cresol) and the 
claim is that as little as 0.01% of 
such material effectively controls 
oxidative degradation of low- 
density polyethylene better than 
di-tertiary butyl para cresol in 
polypropylene and high-density 
polyethylene. Here again the sul- 
fur linkage seems to be extremely 
important to give the antioxidant 
action. 

The need for multiple stabi- 
lizers, each performing separate 
functions, can be seen in a Bel- 
gian patent (10), which calls for 
a polyolefin compound containing 
a phenolic antioxidant and an 
organic phosphite; suitable is 
the 4,4’-thiobis (3-alkyl-6-tertiary 
butyl phenol) plus tri-lauryl or 
trioctyl phosphite. 

A British patent (11) calls for 
a polyolefin stabilized with a 
sulfur-containing organotin com- 
pound of the general formula 

R.(Sn(SR’)«» 
and specifically dibutyltin di- 
nonyl thioglycollate present in the 
amount of not more than 5 per- 
cent. Various substituted para 
phenylene diamines are suggested 
as stabilizers. 

Stabilization of polyolefins with 
B-resorcilic acid derivatives (12) 


STABILIZING POLYISOCYANATES 


In the past two years, polyiso- 
cyanates have become of great 
importance in the polymer field. 
One of the large scale commercial 
uses for such polymers is in the 
manufacture of resilient urethane 
foams, 

Such foams are made by react- 
ing isocyanates with hydroxyl- 
terminated polyesters or poly- 
ethers in the presence of water to 
give a polymer. 

In the early days of these foams, 
ny of the problems of aging 
were not recognized, but it was 
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and similar types of compositions, 
but using 2,2’,-methylene-bis 
(6-tertiary-butyl-p-cresol) with 
powdered lead chromate to 
prevent oxidative degradation, 
cross-linking, and color change is 
proposed (13). The sulfides (14) 
of 0-1,1,3,3,3-(tetramethyl-butyl) 
phenol are particularly effective 
in preventing oxidation. It has 
been pointed out (15) that metal 
contaminants are present in Zieg- 
ler-type polyolefins and it is pro- 
posed that the oxidative action of 
such metal contaminants can be 
inhibited through the use of alky- 
nol derivatives of ethylene di- 
amines, 

Stabilization of polyolefin com- 
positions (16) by adding dialkyl 
esters of thiodipropionic acid in 
combination with hydroxypheny] 
chromates or an alkylidene or bis- 
phenol has been proposed, with 
indications that they are syner- 
gistic in their effect. 

It is apparent from the pat- 
ents that have been granted on 
the mechanism of polyethylene 
oxidation that multiple stabiliza- 
tion is necessary in order to proc- 
ess this type of polymer. The ideal 
stabilizer would be a compound 
that could function as: a) a heat 
stabilizer; b) an antioxidant; c) 
an ultra-violet light absorber; and 
d) a chelating agent. 

Nearly everything that has ever 
been used for stabilizers for any 
purposes has also been investi- 
gated for heat stabilization of 
polyolefin polymers. A_ recent 
British patent (17) has specifi- 
cally pointed out that stabiliza- 
tion of polyolefins can be had by 
using “polyvinylchloride-type sta- 


bilizers” and the patent then pro- 
ceeds to recite every type of PVC 
stabilizer that has ever been 
used. 

The tremendous interest in 
polypropylene fibers has pointed 
out the weakness of these poly- 
mers to ultra-violet degradation. 
Much research has been directed 
to trying to synthesize suitable 
materials that can protect such 
polymeric fibers so they can be 
used outdoors, e.g., in clothing, 
furniture webbing, etc. The poly- 
propylene monofilament is par- 
ticularly susceptible to ultra- 
violet degradation. Attempts have 
been made to synthesize UV ab- 
sorbers so that the UV portion of 
sunlight which is particularly 
damaging to polyolefins could be 
screened out. 

Light stabilization of polyolefins 
probably is a mechanism involving 
a photo-oxidation process since on 
exposure of such polymers the 
carbonyl content increases rapidly. 
In order for the UV material to 
function in such polymers, it is 
necessary that they have low 
volatility and particularly good 
solubility and compatibility with 
the polyolefins. It has been shown 
that the hydroxy benzophenones 
are not suitable for polyolefins as 
they lack compatibility and will 
exude. Higher molecular weight 
compounds, particularly with 
longer chain substituents, have 
been synthesized, such as 2,2’-di- 
hydroxy -4-n-dodecoxybenzophe- 
none and _  2,2’-dihydroxy-4-n- 
octoxybenzophenone, and _ these 
materials have shown very good 
compatibility and good UV ab- 
sorption (18). 





soon found that some of them ex- 
hibited progressive loss of resili- 
ence and compression properties 
during natural aging. As this is a 
new phase of polymer chemistry, 
very little information has been 
reported in literature regarding 
the aging of such polyurethanes, 
although mention (19) of soft 
polyester foams deteriorating be- 
cause of hydrolysis at the ester 
bridges was made in early Ger- 
man work. 

Since polyester urethane foams 
are susceptible to hydrolytic deg- 


radation in the presence of high 
humidity at elevated tempera- 
tures, there has been a switch to 
the formation of the polyisocyan- 
ates through polyethers (espe- 
cially in the manufacture of 
resilient foams.) The aging char- 
acteristics of such foam are de- 
pendent on various environmental 
factors and though the polyether 
foams are more stable toward 
temperature and humidity factors, 
they are more prone to oxidation, 
particularly if the certain type of 
metal compounds, that are used as 
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catalysts to promote the reaction 
are left in the foam. An interest- 
ing phase of this work was in the 
tin catalyst degradation that oc- 
curred when organotin compounds 
were used in large quantity in the 
polyether foams. 

The author has put forth a 
theory (20) that the tin catalyst 
degradation of polyethers occurs 
only in the presence of air at ele- 
vated temperatures, and that the 
same reaction would not occur in 
high vacuum or a nitrogen atmos- 
phere. Therefore, it can be as- 
sumed that this is oxidative in 
nature and that the polyether 
type structures are more suscep- 
tible to oxidation, again probably 
due to the tertiary hydrogen ad- 
jacent to the ether oxygen that is 
involved. (Compare this to poly- 
propylene oxidation as above.) It 
has been shown that organotin 
type catalysts will not degrade 
polyester foams and are only spe- 
cific with the polyether foams at 
higher temperatures. Lower ratios 
are less prone to oxidation. 

Besides the polyester and the 
polyether urethane foams, an im- 
portant segment of this industry is 
the elastomeric polyurethanes. A 
study of the weathering of an 
elastomeric polyurethane was car- 
ried out by Schollenberger and 
Dinbergs (21) who concluded that 
among the more important points 
regarding the stability of these 
elastomeric compounds was the 
photosensitized auto-oxidation 
process, Again carbon black and 
certain UV absorbing chemicals 
and antioxidants proved useful to 
improve the weathering of these 
elastomerics. Patents covering 
materials of this type include a 
German patent (22) which covers 
tertiary butyl pyrocatachol and 
similar materials as well as nickel 
dibutyl dithiocarbamate and the 
zine salt. Polyurethane composi- 
tions which have greater resist- 
ance to photo degradation are dis- 
closed in a British patent (23). 
Another British patent (24) deals 
with the aging of polyurethane 
compositions and points out that 
on weathering they turn yellow 
and darken. It then points out that 
this can be overcome by using 
certain organic polyisocyanates, 
particularly the aromatic polyiso- 
cyanates with the formula: 


(OCN & R -)a = Ar and (Z), 
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A German patent (2d) covers the 
use of organic phosphites which 
have the structure: 
(Z - Ar -O -), P, 

where the symbol of Ar is an aro- 
matic group and Z is an alkyl 
group of 4 carbon atoms or more 
as, for instance, tri-(nonpheny]l) 
phosphite. 

In spite of the work done to 
overcome yellowing of polyiso- 
cyanates as a result of their 
weathering properties, no suitable 
materials have yet been found to 
solve this problem. There is a cry- 
ing need for an antioxidant, UV 
absorber, or any other material 
that would overcome such dis- 
coloration on exposure to sunlight. 
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Neutralizing static electricity 


UD acleasent and sometimes 
dangerous phenomena exhibited 
by static electricity can often dis- 
rupt production schedules in 
many processing phases of the 
plastics industry. Such interrup- 
tions, however, need not be tol- 
erated, since cures for the troubles 
are readily available. 

Accumulations of static elec- 
tricity during plastics processing 
can give rise to the following 
troubles: 1) attraction and hold- 
ing of dust in unsightly patterns 
on finished plastics parts; 2) dif- 
ficulty in cleaning parts prior to 
painting, printing, or coating; 
3) adhering of plastics chips in- 
side blow molded bottles after 
the necks have been reamed; 4) 
sticking of plastics beads and 
powders in chutes, conveyors, 
and ducts; 5) erratic actions of 
plastics films in converting oper- 
ations when the film wraps 
around rolls, adheres to belts and 
plates, jogs poorly in the delivery 
trays of sheet cutters, bag-mak- 
ing machines, and printing 
presses; 6) shocks to operators; 
7) fires when flammable solvent 
fumes are present. 


Formation, measuring, 
preventing 

In the atomic structure of mat- 
ter, each atom of a body is con- 
sidered to be composed of positive 
and negative charges, the positive 
charges located in the nucleus of 
the atom and the negative charges 
in electrons orbiting around the 
nucleus. Normally, an atom has 
the exact number of negative 
electrons to balance the positive 
charges of its nucleus, so that the 
atom, and in the larger sense the 
whole body, is neutral or un- 
charged. However, electrons are 
not always held tightly to their 
nuclei; thus, when two bodies are 
brought into intimate contact, 
electrons may actually cross the 
boundary from one body to the 
other and attach themselves to 
nuclei with stronger attractive 
forces. When the two bodies are 


Data on electric static eliminators supplied 
by The Simco Co., 920 Walnut St., Lansdale, 
Pa. Information on chemical destaticizers taken 
from Monsanto Chemical Co. commercial bul- 
letins. 
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separated, one may therefore 
have an excess of electrons and 
be negatively charged, the other 
a deficiency of electrons and be 
positively charged. Pressure and 
friction between two bodies will 
increase the degree of contact and 
make it easier for the transfer of 
electrons to occur, thus increas- 
ing the charging effect. 

The magnitude and polarity of 
static charges can be measured by 
instruments called electroscopes. 
Portable, battery-operated instru- 
ments are available. 

Means for minimizing the ef- 
fects of static fall into two prin- 
cipal classifications: static elimi- 
nators, which can provide com- 
plete neutralization, but which do 
not add to or modify the surface 
of the material and therefore leave 
it prone to the regeneration of 
static by subsequent frictioning; 
and chemical destaticizers, which 
can provide either temporary or 
permanent neutralization. 


Static eliminators 


These devices are useful for 
most in-plant operations in which 
static interferes with the fabrica- 
tion or conveying of parts and 
materials, causes dirt to be 
trapped in finishes, initiates fires, 
and/or shocks operators. They 
work on the principle of ionizing 
the air—that is, breaking the air 
molecules into negative and posi- 
tive ions, which are then attracted 
to oppositely-charged materials 
passing through the ionized re- 
gion. Principal types of static 
eliminators include: 

Simple grounding devices (also 
called induction static bars): 
These non-powered devices are 
the oldest and least expensive 
form of static eliminators. They 
consist of suitably grounded me- 
tallic bristles or points which al- 
most touch the material to be 
neutralized. Induction static bars 
work best on materials which are 
highly charged. They have the 
limitation, however, of not re- 
moving all the charge, but re- 
ducing it only to a_ threshold 
value which may or may not be 
low enough to give the desired 


results, This type is safe to use 
in hazardous areas. 

Electric static eliminators con- 
sist of one or more static bars, as 
determined by the specific appli- 
cation, and a power unit which 
energizes the bars with a high 
voltage of very low amperage. The 
static bars can assume a variety 
of forms, usually having a series 
of points facing the material to 
be neutralized or discharged. 

The main advantage of this type 
of eliminator is that it can pro- 
duce sufficient ionization to do an 
essentially complete job of neu- 
tralization on almost any mate- 
rial which can be passed by the 
static bar within the specified 
distance. A pair of static bars can 
often be located adjacent to a 
molding machine so that still- 
gated parts can be passed between 
the bars immediately after the 
molding operation. 

Electric static eliminators are 
available in “standard” and 
“shockless” forms. Some “shock- 
less” (or “cold”) static bars are 
approved by Factory Mutual 
Laboratories for use in hazardous 
areas, since the current at the 
points of the bar is reduced to a 
level far below that which could 
cause ignition of solvent fumes 
(and incidentally to a level that 
would produce no sensation of 
shock when the points are 
touched). 

The static bars can be made in 
any required length to match the 
width of the material being neu- 
tralized. Cross-sectional shape 
and size vary among manufac- 
turers and are available in some 
instances down to %¢ in. in di- 
ameter. Special forms are also 
furnished. 

Radioactive static eliminators, 
such as radium or polonium, 
plated on a metal rod or plate, 
produce alpha rays which ionize 
the air and so can be used to 
neutralize materials. 

One of the main advantages of 
this type of eliminator is ease of 
installation since no electric con- 
nections are required. 

The main disadvantage is its 
fairly low efficiency. Although 
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entirely adequate for many op- 
erations, the radioactive elements 
cannot be used in sufficient quan- 
tities to give adequate results 
when the magnitude of charge on 
the material is very high or when 
the material must travel at high 
speeds. Plastic films are often in 
this category. In addition, em- 
ployees must be protected by fol- 
lowing installation and operating 
instructions carefully. Lint, dirt, 
ink, etc., accumulating on the ac- 
tive surface, reduce efficiency 
drastically and the elements must 
be kept clean. 

Long-range electric static elim- 
inators: Since the range of the 
regular electric static bars is lim- 
ited to a few inches, they are 
inadequate for neutralizing from 
a distance or for completely neu- 
tralizing large parts or odd- 
shaped parts with deep cavities. 
Range can be increased to several 
feet by carrying the ionized air on 
a low pressure air stream, as by 
incorporating an ionizing head 
over the air outlet of a centrifu- 
gal blower. 

Anti-static cleaning devices: 
When parts and materials must 
be cleaned as well as neutralized, 
compressed air may be combined 
with ionization to neutralize and 
clean simultaneously. Not only is 
the dust and dirt removed more 
easily because both the part and 
the dust are neutralized, but re- 
attraction of dust from the air is 
prevented. The compressed air de- 
vices can take the form of ordi- 
nary dusting guns for hand oper- 
ation, nozzles for mounting in 
fixed positions on automatic ma- 
chinery, and static bars in any 
length with attached air tubes. 
Brush and static bar combina- 
tions are also available. 


Chemical destaticizers 

Where static elimination is re- 
quired to persist through several 
operations, or even out to the re- 
tail level, chemical anti-static 
agents may be used to coat and 
modify the surface of a part so 
as to resist the formation of 
static. Some are available in aero- 
sol spray cans, some in bulk form 
for application by wiping, spray- 


ing, or dipping. An _ effective 
means of application is by fogging 
onto the material from jet spray 
nozzles such as are commonly 
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used on printing presses for the 
application of wet anti-offset 
sprays. A different approach to 
the problem is now being made by 
resin suppliers who are produc- 
ing molding materials containing 
an anti-static additive, so that 
molded parts are made sufficiently 
conductive to minimize static 
without affecting their other elec- 
trical characteristics to any great 
extent. 

Anti-static agents are generally 
classified according to the dura- 
tion of their anti-static effective- 
ness. Thus, the three basic cate- 
gories into which they fall are: 
temporary, semi-permanent, or 
permanent. 

Temporary destaticizers pro- 
vide only temporary protection 
against dust pickup. After a pe- 
riod of time, these coatings will 
lose their effect or wear off. Fur- 
thermore, should a damp rag be 
repeatedly used to wipe the 
treated pieces, the layer of de- 
staticizing compound will be re- 
moved. These destaticizers are 
solutions which are usually ap- 
plied by spraying, dipping, or 
wiping. Destaticizers of this class 
are the most commonly used and 
the least expensive, both from the 
standpoint of initial cost and cost 
of application. Where only tem- 
porary relief from dust pickup is 
required, they are very satisfac- 
tory and will prevent dust pickup 
during assembly operations and 
during display. 

Destaticizers of a semi-perma- 
nent nature will resist normal 
wiping with a damp rag. They are, 
however, soluble in soap and wa- 
ter. Their mechanical abrasion 
resistance is believed to be su- 
perior to the temporary type. 

Permanent-type  destaticizers 
insure a lasting effect through the 
normal life expectancy of the 
molded article. The cost of raw 
materials and of application are 
higher for this type of destati- 
cizer. 


References 


For sources of mechanical static 
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Plasticizers 


A plasticizer has been defined 
as “a substance or material incor- 
porated in a material (usually a 
plastic or an elastomer) to in- 
crease its flexibility, workability, 
or distensibility. A plasticizer may 
reduce the melt viscosity, lower 
the temperature of a second or- 
der transition, or lower the elas- 
tic modulus of the product.”! 
According to this definition, a 
plasticizer will a) modify a plas- 
tic’s processing behavior and/or 
b) modify the properties of the 
plastic to a more desirable form. 

An unplasticized plastic such as 
polyvinyl chloride has many 
points of intermolecular attrac- 
tion between the resin macro- 
molecules, resulting in a rigid in- 
flexible product. Heating this 
unplasticized polymer results in a 
reduction of these intermolecular 
forces so that the resin exhibits 
plasticity and can be deformed or 
worked. 

A plasticizer functions in a 
manner similar to heat. It re- 
duces the extent of intermolecu- 
lar forces and thus changes the 
characteristics of the polymeric 
substance to that of an elastomer. 
At processing temperature, the 
reduction of intermolecular at- 
traction increases the compound’s 
plasticity and thus facilitates 
processing. 


Compatibility 


To function as a plasticizer, a 
material must be compatible with 
the resin; i.e., it must be capable 
of producing a stable solution 
through the formation of polar 
bonds between the resin and plas- 
ticizer. As such, a_ plasticizer 
tends to physically separate the 
polymer molecules and decrease 
the extent of strong polymer- 
polymer attraction. The plasti- 
cizer facilitates processing and 
flexibilizes the plastic in use, de- 
creasing elastic modulus and 
hardness. 

Thermodynamically, plasticiza- 
tion is essentially a solvent-solute 
relationship. Mutual solubility of 
resin and plasticizer depends upon 
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relative polarity, the guiding prin- 
ciple being that “like dissolves 
like.” Compatibility of the plasti- 
cizer with the resin depends upon 
having a plasticizer molecule sim- 
ilar in polar strength to the resin 
being plasticized. 

The chemical groups of plasti- 
cizer molecules that may be con- 
sidered compatibilizing groups 
are esters, epoxy rings, ethers, 
and nitrogen, sulfur, and halogen 
groups. Due to stability, perform- 
ance, color, and cost considera- 
tions, the ester and _ epoxide 
groups are the most widely used 
compatibilizing structures in pres- 
ent plasticizers. 

The effect of plasticizer polarity 
on compatibility can best be seen 
through examination of the com- 
patibility of a homologous series 
of phthalate diester plasticizers 
with polyvinyl chloride. Dimethyl] 
phthalate is the most polar mem- 
ber of this series and exhibits lim- 
ited compatibility with polyvinyl 
chloride.? Dibutyl phthalate and 
dioctyl phthalate display excellent 
compatibility with PVC. The 
same two ester groups are present 
as in dimethyl phthalate, but the 
greater molecular weight of the 
dibutyl and dioctyl esters essen- 
tially decreases the polarity of 
the plasticizer molecule as a 
whole. 

By further increasing the mo- 
lecular weight of the phthalate, 
polarity is further decreased to 
a point where compatibility again 
becomes a problem due to the 
plasticizer exhibiting too low a 
polarity for use with polyvinyl 
chloride. 

A similar example involves the 
development of the octyl epoxy 
stearates. Whereas octyl stearate 
is essentially incompatible with 
PVC due to its very low polarity, 
the addition of a compatibilizing 
epoxy oxygen group results in the 
more polar epoxidized ester which 
is widely used for its low temper- 
ature and heat and light stabiliz- 
ing action. 

A more definitive breakdown of 
basic plasticizer types, in terms 





2C. E. Amagnostopoulos, A. Y. Coran, and 
R. Gomrath, J. App. Polymer Science 4, 


H. 
181 (1960). 


both of compatibility with resin 
and properties offered, is given 
below. 


Plasticizer types 


Phthalates: Phthalate diesters 
are the most widely used family 
of plasticizers. They are charac- 
terized by moderate cost, good 
stability, and generally all-around 
desirable properties. Polyvinyl 
chloride applications consume the 
greatest quantity of phthalates. 

Dioctyl and diisooctyl phtha- 
lates are the most popular plas- 
ticizers for PVC. Didecyl and di- 
tridecyl phthalates are used for 
low volatility and water resistant 
applications. Some dibutyl phtha- 
late and aromatic esters (butyl 
benzyl and butyl cyclohexyl 
phthalates) are used for more 
rapid resin solvation. Mixed al- 
cohol esters (butyl octyl and 
butyl decyl phthalates) are gen- 
erally slightly lower in cost than 
the higher molecular weight ali- 
phatic esters and are used where 
their higher volatility will not be 
a problem. Normal octyl and nor- 
mal decyl phthalates provide im- 
proved low temperature flexibil- 
ity characteristics. 

Cellulose nitrate is plasticized 
with dibutyl phthalate, dioctyl 
phthalates, and mixed alcohol 
(butyl octyl, butyl benzyl, butyl 
decyl, butyl cyclohexyl) phtha- 
lates. 

Lower molecular weight phtha- 
lates (dimethyl, diethyl, and di- 
butyl) are used for plasticizing 
the more polar polyvinyl acetate 
and cellulose acetate. Aromatic 
phthalates are also useful for this 
purpose. 

Phosphates: Phosphate plasti- 
cizers such as tricresyl phosphate, 
octyl diphenyl phosphate, and 
cresyl diphenyl phosphate are 
used in PVC for flame-resistant 
applications. Trioctyl phosphate 
provides flame resistance and low 
temperature flexibility in a single 
product. 

The more polar phosphates, in- 
cluding triphenyl, tributyl, and 
tributoxyethyl are used to plasti- 
cize the more polar cellulosics. 
Tributoxyethyl phosphate is used 
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as a leveling agent and plasticizer 
in many modern styrene emul- 
sion-based floor finishes. 
Adipates, azelates, and seba- 
cates: The octyl diesters of adipic, 
azelaic, and sebacic acids are used 
for plasticizing vinyls requiring 
excellent low temperature flexi- 
bility. Didecyl adipate is also used 
but the decyl esters of azelaic and 
sebacic acids are not sufficiently 
compatible with PVC. Lower mo- 
lecular weight homologues are 
considered too volatile for vinyl 
applications but are useful for 
plasticizing the more polar cellu- 
losics and polyvinyl acetate. 
Epoxies: Epoxy plasticizers are 
generally derived from natural 
unsaturated oils and fatty acids by 
epoxidizing the unsaturated start- 
ing materials with peracids. The 
epoxy oxygen ring serves as a 
compatibilizing group and pro- 
vides heat and light stabilizing 
action. The heat and light sta- 
bilizing action provided by this 
family of plasticizers is the major 
reason for their widespread use. 
The two major types of epoxy 
plasticizers are epoxidized un- 
saturated triglycerides (naturally 
occurring vegetable oils) and 
epoxidized esters of unsaturated 
fatty acids. Most common example 
of the first type is epoxidized soy- 
bean cil. The second major type 
of epoxy plasticizer is the epoxi- 
dized butyl, hexyl, octyl, or decyl 
ester of oleic acid or of tall-oil 
fatty acid. Epoxidized soybean oils 
are chosen when polymeric prop- 
erties are important. Epoxidized 
monoesters are used when low 
temperature flexibility is desired. 
Epoxidized tetrahydrophtha- 
lates have recently been intro- 
duced. These materials display the 


same type of heat and light 
stabilizing action as the older 
epoxy plasticizers described 
above. It is claimed that they 


show greater compatibility than 
the soybean or fatty acid ester 
epoxides. 
Polymeric plasticizers: Poly- 
meric plasticizers are manufac- 
tured by esterification of a dicar- 
boxyllic acid (adipic, azelaic, or 
sebacic) with a difunctional alco- 
hol (dipropylene glycol, neopen- 
tyl glycol, etc.). The repeating 
structure is generally terminated 
with a monocarboxyllic acid (oc- 
tanoic, lauric, 


decanoic, 


etc.). 
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Polymeric plasticizers are gener- 
ally high molecular weight vis- 
cous liquids and are used in ap- 
plications requiring extremely 
low volatility and resistance to 
migration or extraction. 

Secondary plasticizers: The 
most commonly used secondary 
plasticizers are alkylated ben- 
zenes, chlorinated hydrocarbons, 
hydrogenated terphenyls, and 
naphthenic acid derivatives. Sec- 
ondary plasticizers are generally 
used to reduce cost and are com- 
monly employed at concentrations 
of 5 to 20% of the total plasticizer 
content. High concentrations can 
lead to difficulties from the stand- 
point of incompatibility and poor 
heat and light stability. 

Glycollic acid derivatives: The 
highly polar glycollic acid deriv- 
atives are recommended for plas- 
ticizing cellulose acetate, cellulose 
nitrate, and polyvinyl chloride. 
Most commercially available gly- 
collic acid esters have a low de- 
gree of toxicity, are fairly water 
sensitive, and are comparatively 
volatile. 

Citrates: Greatest outlet for 
citrate plasticizers is in the manu- 
facture of non-toxic items. As 
plasticizers, the citrates are char- 
acterized by water sensitivity. 
Acetyl tributyl citrate is the most 
popular material for vinyl usage, 
whereas triethyl citrate and ace- 
tyl triethyl citrate are used in 
polyvinyl acetate and the cellu- 
losics. 

Pentaerythritol esters: Esters of 
pentaerythritol and dipentaeryth- 
ritol are characterized by excep- 
tionally low volatility. They are 
widely used in the manufacture of 
high temperature electrical insu- 
lation. 


Plasticizer choice 

For any given application, the 
type or combination of plasticizers 
chosen will depend upon com- 
patibility, cost, and availability, in 
addition to effect on processing 
and effect on final properties of 
the plastic. 


Processing 


The addition of plasticizer to a 
plastic generally facilitates proc- 
essing by reducing the tempera- 
ture at which the material can be 
satisfactorily worked. The follow- 
ing factors must be considered in 








choosing a plasticizer to provide 
optimum processability: a) effect 
of plasticizer on premix of resin 
and plasticizer and how easily the 
premix may be handled; b) ra- 
pidity with which the plasticizer 
will solvate the resin at process- 
ing temperature; c) the effect of 
plasticizer on viscosity of the 
resin-plasticizer melt; d) effect on 
resin stability during processing. 
The resin-plasticizer premix 
must be such that it can be read-' 
ily handled by available process- 
ing equipment. Plastisols, for ex- 
ample, are most easily handled 
when they are highly fluid and 
this is best achieved through the 
use of relatively low solvating and 
low viscosity plasticizers. Highly 
aromatic plasticizers with high 
rates of solvation are generally 
avoided in this type of application 
since they provide poor viscosity 
stability. However, high solvating 
plasticizers may be preferred for 
dry-blend operations where these 
materials lead to a rapid attain- 
ment of a dry flowing compound. 
Once heat is applied, rapid sol- 
vation of the resin by the plasti- 
cizer is generally desirable. This 
occurs most readily with highly 
aromatic plasticizers and with the 
lower molecular weight homo- 
logues of most plasticizer families 
—the more polar plasticizers. 
Once solvation is effected, ease 
of processing can be related to 
the melt viscosity of the resin- 
plasticizer solution. This has been 
found to be related to the vis- 
cosity of the pure plasticizer. 
Thus, low viscosity plasticizers 
facilitate extrusion and molding. 
Finally, the plasticizer chosen 
must not exhibit such an adverse 
effect upon the heat stability of 
the polymer that it will cause deg- 
radation before processing can be 
completed. Preferably, the plasti- 
cizer should exert a stabilizing 
effect. The consumption of some 
plasticizers is limited by the fact 
that high concentrations acceler- 
ate the heat breakdown of vinyl 
chloride compositions. On the 
other hand, a specific reason for 
using epoxy plasticizers is their 
beneficial effect on heat stability. 


Effect on properties 


The application for which a 
plastics product is intended will 
dictate to a great extent the 


CHEMICALS AND ADDITIVES 


amount and type of plasticizers 
ised. Generally speaking, the 
higher the plasticizer concentra- 
tion, the softer will be the final 
ompound. Thus, the first step is 
o determine the approximate to- 
tal plasticizer content required to 
give the desired degree of hard- 
ness, softness, or elasticity to the 
final product. The types of plas- 
ticizers chosen (combinations are 
generally required for optimum 
cost and performance) are gov- 
erned by considerations of cost, 
effect on processing, and the 
properties required, such as low 
temperature flexibility, perma- 
nence, chemical resistance, soil 
resistance, fungal resistance, non- 
toxicity, resilience, and light sta- 
bility. 

Low temperature flexibility: 
Flexibility at low temperatures is 
usually achieved through the use 
of aliphatic plasticizers such as 
adipates, azelates, sebacates, and 
epoxy stearates. 

Permanence: Permanence im- 
plies the ability of the plasticizer 
to remain within the plastic com- 
position during normal conditions 
of use. A plastic designed to with- 
stand continuous service at ele- 
vated temperature (eg. 105° 
electrical insulation) must con- 
tain plasticizers that will not 
volatilize from the compound at 
such a rate that rapid loss of 
physical properties will occur. 
Low volatility plasticizers used 
for high temperature applications 
are the polymerics, dipentaeryth- 
ritol esters, and high molecular 
weight diesters such as didecyl 
and ditridecyl phthalates. Simul- 
taneously, the plasticizer must be 
sufficiently stable so that it will 
not degrade to more volatile by- 
products during elevated temper- 
ature use. This latter requirement 
has led to the use of special sta- 
bilizers and antioxidants to pro- 
tect branched chain oxo-alcohol 
esters when used in high tempera- 
ture vinyl applications. 

Permanence also implies that 
the plasticizer will not migrate 
out of or be leached into other 
materials with which the finished 
plastic comes in contact. Shower 
curtains and baby pants should 
‘ontain plasticizers resistant to 

‘traction by water and soapy 
vater. High molecular weight 
phthalates and high molecular 
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weight aliphatic plasticizers have, 
in general, proved best for this 
type of application. 

Polymeric plasticizers and 
epoxidized soybean oils should be 
used for applications requiring 
resistance to oils, greases, and sol- 
vents. Polymeric plasticizers are 
used in vinyls intended for inti- 
mate contact with other plastics. 
Thus, polymeric plasticizers are 
used in refrigerator gasketing, 
which must not mar the styrene 
refrigerator body. 

Soil resistance: Whereas per- 
manence of a plasticizer indicates 
its ability to resist migration into 
adjacent materials, soil resistance 
of a plasticized compound is in- 
dicative of the plasticizer’s ability 
to resist migration of external ma- 
terial. Flooring should resist mi- 
gration and subsequent staining 
from asphalt and shoe polish; 
vinyl counter-tops should be re- 
sistant to food stains; convertible 
tops should resist dirt pickup. Soil 
resistance is generally attained 
through the use of high molecu- 
lar weight aromatic plasticizers. 

Fungal resistance: Many ali- 
phatic plasticizers and especially 
those derived from vegetable or 
animal oils are subject to fungal 
attack. Plastics intended for use 
in continuous contact with earth 
or water (agricultural sheeting, 
swimming pool liners, etc.) should 
be formulated with this factor in 
mind. Branched chain phthalates 
and most phosphate plasticizers 
are generally fungal resistant. 
The addition of a fungicide to a 
plastic formulation can make the 
composition resistant to fungal at- 
tack, regardless of the plasticizer 
used. 

Resilience: Resilience is desir- 
able in applications such as rota- 
tionally molded vinyl balls. It is 
best achieved through the use of 
high solvating aliphatic plasti- 
cizers such as dioctyl adipate and 
dibutyl sebacate. 

Light stability: If the finished 
plastic item is to be exposed con- 
tinuously to light or used out- 
doors, care must be taken to see 
that the plasticizers used will not 
discolor or otherwise break down 
under such exposure. 

Secondary plasticizers contain- 
ing conjugated aromatic struc- 
tures are generally undesirable 
for light stable applications. If 


possible, the plasticizers used 
should have a beneficial effect on 
the plastic’s light stability and this 
is one reason for the widespread 
use of epoxy plasticizers. Outdoor 
weathering tests have demon- 
strated that epoxy plasticizers can 
triple or quadruple a vinyl com- 
pound’s outdoor aging life. 
Non-toxicity: Plastics intended 
for food packaging use should 
contain only plasticizers approved 
by the U.S. Food and Drug Ad- 
ministration. Plasticizers current- 
ly considered as safe by that gov- 
ernment body are the following: 

Acetyl tributyl citrate 

Acetyl triethyl citrate 

p-tert-Butylpheny] salicylate 

Butyl stearate 

Butylphthalyl butyl glycolate 

Dibutyl sebacate 

Diethyl phthalate 

Diisobutyl adipate 

Diisooctyl phthalate (for foods of 
high water content only) 

Diphenyl-2-ethylhexyl phosphate 

Di-(2-Ethylhexyl) phthalate (for 
foods of high water content 
only) 

Epoxidized soybean oil (iodine 
number maximum 6; and oxi- 
rane oxygen, minimum 6.0%) 

Ethylphthalyl ethyl glycolate 

Glycerol monooleate 

Monoisopropy] citrate 

Mono-, di-, and tristearyl citrate 

Triacetin (glycerol triacetate) 

Triethyl citrate 

3-(2-Xenoyl) — 1,2-epoxypropane 


Newer plasticizers 


Among the more recent devel- 
opments in plasticizer technology 
are the advent of isophthalate es- 
ters, the use of higher molecular 
weight phthalates, the potential 
commercialization of normal alco- 
hol phthalates, and the develop- 
ment of polymerizable plasticizers 
from acrylic bases. 

Isophthalate esters: Availability 
of isophthalic acid from petroleum 
sources awakened interest in es- 
ters of this material for plasticizer 
use. Compatibility of isophthalates 
was found to be generally poorer 
than that of analogous phthalic 
esters. The isophthalates have 
found some application in the for- 
mulation of vinyl compounds with 
good nitrocellulose lacquer non- 
mar characteristics. 

Other phthalates: 


Ditridecyl 
phthalate has been introduced for 
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The extreme versatility of RESIN RELEASE N 
— which works perfectly up to 400°F without 
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sive and complicated parts to be released from 
molds quickly, safely and economically. Right now 
RESIN RELEASE N is being used successfully in 
tooling, plastic laminating, molding, potting, cast- 
ing and bonding operations involving epoxy, 
polyester, phenolic silicone, neoprene, melamine, 
urea, alkyd and vinyl plastisols. 
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formulations of high temperature 
electrical insulation. The low 
volatility of such esters helns in 
attaining good retention of physj- 
cal properties after extended 
service at elevated temperatures, 

Potential availability of oxo- 
process hexyl alcohol will prob- 
ably result in introduction of di- 
hexyl phthalate as a high solvat- 
ing primary plasticizer. Expected 
commercialization of normal alco- 
hols in the Cg to Cio range will 
allow manufacture of normal al- 
cohol phthalates, which are sub- 
stantially better in low tempera- 
ture flexibility than the branched 
alcohol esters. 

Polymerizable plasticizers: Con- 
siderable research work is being 
done on the development of poly- 
merizable plasticizers. Several 
such materials based upon acrylic 
structures are currently available. 
Another promising approach is 
the use of epoxy resins. 
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Colorants for plastics 


By JAMES E. SIMPSON* and DOUGLAS P. BRUSHTt 


0... of the many reasons for 
the tremendous growth in the use 
of plastic materials is that many 
can be colored to nearly any hue. 
However, to use color success- 
fully, anyone working with the 
design, molding, or fabrication of 
plastic articles must have a work- 
ing knowledge of the coloring in- 
dustry and the advantages and 
limitations of available colorants 
and coloring techniques. 

While the details of color theory, 
colorant properties, and plastics 
engineering may seem tremend- 
ously complex, actually the fun- 
damentals are simple enough for 
the average person to understand. 

To understand any coloring op- 
eration, one should have a fairly 
clear idea of what is meant by such 
terms as “color,” “colorant,” “hue,” 
“saturation,” “value,” “shade,” and 
so on (1). 

First of all, it must be realized 
that color is not a substance but an 
effect. It exists solely in the brain 
of the beholder. The eye translates 
varying light wave impulses into 
nerve impulses and sends them to 
the brain where they register as 
red, blue, green, etc. 

A colorant is a physical sub- 
stance which modifies light waves 
striking it by absorbing some and 
reflecting others, thereby changing 
their energy composition. It is this 
altered light that produces the 
effect called color. 

Visible light is only a small part 
of the vast spectrum of electro- 
magnetic radiation which includes 
radio waves, infra-red, ultra-violet, 
X-rays, gamma radiation, and cos- 
mic rays. Ranging in wavelength 
from approximately 400 (deep 
violet) to 700 (deep red) millimi- 
crons, this narrow band represents 
approximately one octave on a 
keyboard of more than 40 octaves. 
In this comparatively small span 
lies the rainbow and its three pri- 
mary colors—red, yellow, and blue. 
From these—and the addition or 
*Color Div., Ferro Corp., 4150 E. 56th St., 


Cleveland 5, Ohio. Ferro Corp. 
Numbers in parentheses link to References, 
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subtraction of white, gray, or black, 
—theoretically more than 7,000,000 
individual colors can be created. 

Any of these colors can be de- 
scribed in terms of the three quali- 
ties of the Munsell system: 1) Hue 
—an indication of wavelength: 
red, yellow, green, etc. 2) Value— 
sometimes called reflectance or 
brightness: the position along the 
achromatic scale ranging from 
white to black. Shade, tone, and 
tint, are three areas on this scale. 
3) Chroma—also called strength, 
saturation, or purity. 

While these qualities serve to 
describe a color, its perception is 
often influenced by several other 
factors such as background, trans- 
parency, texture, size, and angle of 
viewing. All of these factors to- 
gether are considered by the pro- 
fessional color stylist when it comes 
to solving practical problems of 
originating or matching colors. 


Color matching 


While color theory is a branch of 
the physical sciences, the matching 
or creating of colors is more of an 
art than a science. Since the ulti- 
mate objective is to have the color 
viewed by the human eye, it should 
be the eye which has the last word 
in judging. Here is where the 
eye and color measuring instru- 
ments sometime come to the part- 
ing of the ways. The human eye 
is not linear in its perception of 
color. That is, it is not as sensitive 
to the colors at the extremes of the 
spectrum as it is to those in the 
middle. A machine tends to meas- 
ure all hues equally, While people 
may vary in their ability to per- 
ceive color and detect small color 
differences, visual judgment in 
general is faster and cheaper than 
any machine, and usually at least 
as accurate. 

Among machines commonly used 
for color matching is the color 
matching booth (e.g., Macbeth). It 
consists of a curtained booth with 
two separate overhead light 
sources. One is a standard incan- 
descent and the other is a stand- 


ardized fluorescent which closely 
matches northern daylight. By 
means of a foot switch the operator 
can change rapidly from one light 
to the other, thereby detecting 
any shift in closeness of match 
between two color samples being 
compared under the different light 
sources. Any shift in color be- 
tween two similar samples under 
differing light sources is a meta- 
meric shift. It is this shift that gives 
colorists their biggest headaches, 
and is a major consideration in 
producing colorants for plastics. 

When two materials are the same 
color under one light source and 
different under another, they are 
metameres. A match under one 
light source with no guarantee of 
a match under other light sources 
is a metameric match; when they 
are the same under any light, they 
are a spectral match (2). 

It is relatively simple for even 
an inexperienced colorist to pro- 
duce a color match under a single 
light source. The real trick is to 
get two samples to match under 
two or more different light sources. 

The only way to get a perfect 
spectral match is by using exactly 
the same pigments or dyes. Since 
light waves are reflected in ac- 
cordance with the basic atomic 
and molecular structure of a ma- 
terial, any deviation in these areas 
will produce a corresponding de- 
viation in the color. Different ma- 
terials or pigments may absorb 
and reflect the same light waves 
under one light source, but they 
are never exactly the same under 
all light sources. In some cases, 
the differences are extreme. 

A plastics colorist, therefore, 
usually tries to produce a resin 
color from the same pigments as 
those in the sample. The problem 
lies in trying to match colors in two 
or more different types of resins. 

Different resins often require 
different pigment properties 
(Table I, p. 480-1) because of vary- 
ing colors in their uncolored state. 
Also, certain pigments cannot be 
used in certain resins because of 
chemical interaction, Color match- 
ing between plastics and non- 
plastics is even more of a problem. 

If absolutely pure colorants were 
available to the plastics industry, 
the problem of producing exact 
colors would be greatly simplified. 
Theoretically, only four pure pig- 
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ments—blue, green, yellow and 
red—should be needed. However, 
every available pigment is actually 
two colors—a primary top tone and 
a secondary undertone. Sometimes 
the undertone lies at the other end 
of the spectrum from the primary 
color. For example, the undertone 
of dark Cadmium Red is a blue. 
These undertones often cause diffi- 
culties in color matching. Certain 
greens have undertones of blue or 
yellow. Some yellows have under- 
tones of green or red. If Ultra- 
marine Blue (undertone red) is 
mixed with Chrome Yellow (un- 
dertone red), a dirty color would 
result since the green produced 
would be partially neutralized by 
the complementary red under- 
tones. (Complementary colorants 
subtract from the amount of 
energy each would normally re- 
flect, producing mixtures tending 
towards dark gray or black. Con- 
versely, when complementary 
colored lights are mixed, the result 
tends toward white light.) (3) 

The expert colorist, then, not 
only must have a keen, well- 
trained eye, but he must know his 
pigments thoroughly as well. Ac- 
tually, the matching of colors, 
even with machines, is generally a 
hit-or-miss process. The more ex- 
pert the matcher, the more hits 
and less misses, and the fewer 
pigments and dyes _ needed. 
Many plants producing colorants 
for plastics have on file color chips 
and formulations for more than 
15,000 colors; however, usually less 
than 50 basic colorants are needed 
for their manufacture. 

Generally a colorant supplier is 
requested “to match sample with- 
in commercial limits.” Certain 
colorants are more expensive than 
others, and occasionally it is too 
costly to produce the exact color 
requested. If an expensive color- 
ant is needed to produce a desired 
color, and the customer is un- 
willing to pay the price, the 
colorist often is forced to substi- 
tute a slightly different and less 
expensive formulation. Sometimes 
there is a great price differ- 
ential between two very close 
shades of the same color. 


Types of colorants 

Three basic families of colorants 
are available for coloring plastics: 
dyes, organic pigments, and in- 
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TABLE I: Processing conditions and suitable colorants for 





Plastic 


Processing conditions 
and 
properties required 


Suitable groups 
of 


coloring matters 





1, 


cn 


Phenol-formalde- 
hyde molded lami- 
nates 


. Phenol-formalde- 


hyde surface coat- 
ings and cast resins 


. Urea and melamine- 


formaldehyde 
products 


. Casein products 


. Cellulose plastics 


(cellulose acetate, 
cellulose acetate 
butyrate, ethyl cel- 
lulose, etc.) 


. Polyvinyl chloride 


and copolymers 


. Fluorocarbons 


. Polyethylene 


Mildly alkaline reducing 
atmosphere 

Molding temperatures 
up to 170° C. 

Usually only moderate 
light fastness 


Mildly acidic or mildly 
alkaline reducing atmos- 
pheres 

Long heating at moder- 
ate temperatures 

Better light fastness 
than for molded items 
Mildly acidic reducing 
atmosphere for a short 
period 

Superlative light fast- 
ness 


Low mixing and extrud- 
ing temperatures (ap- 
proximately 100° C.) 
Acidic reducing condi- 
tions during formulation 
Moderate-good light 
fastness 

Must not bleed into the 
formulating solution 


Substantially neutral to 
mildly acidic atmosphere 
Mixing time on the or- 
der of 15 min. at 180° C. 
Short-time high injec- 
tion temperature at 180 
to 200° C. Moderate- 
good light fastness 


Tends to become acidic 
during processing 

High temperature com- 
pounding up to 170° C. 
for long periods 

Very good light fastness 
High degree of 
dispersibility 


High heat stability 
Resistant to acids and 
alkalies 

High degree of dispersi- 
bility (very fine) 
Neutral inert processing 
conditions 

High temperature proc- 
essing and extruding 
depending on grade 
Very good fastness 

to light 


Spirit and hydrocarbon 
soluble dyes 

Spirit soluble acid dyes 
Lakes and toners 
Organic pigments 
Inorganic pigments 
Spirit and hydrocarbon 
soluble dyes 

Spirit soluble acid dyes 
Phthalocyanines 
Lakes and toners 
Organic pigments 
Inorganic pigments 
Selected water soluble 
dyes 

Inorganic pigments 
Vat dye pigments 
Phthalocyanine pig- 
ments 

Organic pigments, 
lakes, and toners 
Water soluble acid and 
direct dyes 

Organic pigments, 
toners, and lakes 
Phthalocyanine pig- 
ments 

Inorganic pigments 


Spirit and hydro- 
carbon soluble dyes 
Organic pigments 
(except those prone 
to bloom) 

Lakes and toners 
Dispersed dyes 
Basic dyes 


Selected spirit and 
hydrocarbon soluble 
Vat dye pigments 
Organic pigments 
Inorganic pigments 
(except those prone to 
bloom and migrate) 
Lakes and toners 
Phthalocyanine pig- 
ments 


Inorganic pigments 
Phthalocyanines and 
selected organic 
pigments 


Organic pigments (ex- 
cept those prone to 
bloom and migrate) 
Lakes 

Vat dye pigments 
Phthalocyanine pig- 
ments 

Selected hydrocarbon 
soluble dyes 
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use with various commercial plastics. 





Plastic 


Processing conditions 
and 
properties required 


Suitable groups 
of 
coloring matters 





9. High-density poly- 
ethylene 


. Polymethyl 
methacrylate 


. Polyesters 


2. Polyurethane foams 


. Polystyrene 


17. Polypropylene 


18. Silicones 


Neutral inert proc- 
essing conditions 

Very high temperature 
processing conditions 
Very good light fast- 
ness and heat stability 


Strongly oxidizing 
atmosphere during 
polymerization 
Moderate temperatures 
Very good light 
fastness 


Strongly oxidizing 
atmosphere during 
polymerization 

Very good light fastness 
High degree of 
dispersibility 


Inertness of colorant 

to catalytic effect and 
alkaline conditions 
Light fastness not of 
importance 

High degree of 
dispersibility 

High heat stability 

Very good light fastness 
High degree of 
dispersibility 

Strong reducing action 
of nylon above 500° F. 


Very good light fastness 
High degree of 
dispersibility 

Moderate temperature 
Bleed resistance 


Very good light fastness 
High dispersibility 
Moderately high 
temperature 


Processing conditions 
neutral but residual 
oxidizing catalyst may 
be present. High tem- 
perature processing and 
injection at 200° C. and 
above; good to excellent 
light fastness; high de- 
gree of dispersibility 


Neutral inert proc- 
essing conditions 

Very high temperature 
Very good light fast- 
ness and heat stability 


Neutral inert proc- 
essing conditions 
Molding temperature at 
500° F. and above 
Excellent light fastness 
and heat stability 


Inorganic pigments 
Organic pigments 
Phthalocyanine pig- 
ments 


Selected hydrocarbon 
soluble dyes 

Selected vat dye and 
organic pigments 
Phthalocyanine pig- 
ments 


Vat and other organic 
and inorganic pigments 
as flushed pastes 
Inorganic pigments 
Selected hydrocarbon 
soluble dyes as 
flushed pastes 


Water pulps and 
flushed pastes of 
inorganic and organic 
pigments 

Vat dye pigments 
Phthalocyanine pig- 
ments 


Inorganic pigments 
Phthalocyanine pig- 
ments 

Selected anthraquinone 
pigments 


Selected vat dye and 
thioindigoid pigments 
Inorganic pigments 
Phthalocyanine pig- 
ments 


Organic pigments 
Phthalocyanine pig- 
ments 

Inorganic pigments 
Hydrocarbon soluble 
dyes 

Organic pigments 
Lakes 
Phthalocyanine pig- 
ments 

Inorganic pigments 


Inorganic pigments 
Organic pigments 
Phthalocyanine pig- 
ments 


Inorganic pigments 
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organic pigments. Each of these 
has characteristics (see Table on 
p. 483) and properties which limit 
or facilitate its use in various 
resins. 

Dyes are synthetic or natural 
organic chemicals that are soluble 
in most common solvents. Pos- 
sessing very good color strength 
or purity, they are available in an 
extremely wide range of colors. 
They are transparent, have excel- 
lent brightness, and are charac- 
terized by low plasticizer absorp- 
tion, low dielectric strength, low 
specific gravity, and often by high 
bulk in air. There are variations 
in the properties of individual 
dyes within the family, and this 
variation affects their suitability 
as colorants for some resins. The 
inherent disadvantages of dyes is 
their poor resistance to light and 
heat. In fact, they are completely 
excluded as colorants for certain 
resins because of high molding 
temperatures. Furthermore, they 
have a pronounced tendency to 
bleed—that is, migrate to the sur- 
face and rub off—particularly in 
such resins as polyethylene. 

Organic pigments are divided 
into toners and lakes. Toners are 
of two types: insoluble organic 
toners and lake toners. The 
former are usually free from salt- 
forming groups. Lake toners are 
practically pure, water-insoluble 
heavy metal salts of dyes, minus 
the fillers or substrates of ordi- 
nary lakes. They are considerably 
more powerful than lakes, which 
are water-insoluble heavy metal 
salts or other complexes of dyes 
that have been precipitated upon 
or admixed with a base or filler, 
usually inorganic. 

As a group, organic pigments 
are characterized by very limited 
solubility, low specific gravity, 
high bulking ratios, high oil and 
plasticizer absorption, and supe- 
rior dielectric properties. Avail- 
able in a very wide range of hues, 
they have good brightness, better 
transparency than the inorganics, 
and high coloring strength. They 
are better than dyes in their re- 
sistance to heat and light, al- 
though decidedly inferior to the 
inorganics in this regard, and have 
less tendency to bleed since they 
are relatively insoluble. Naturally, 
individual organic pigments vary 
in their resistance properties and 





adaptability for coloring plastics. 
They are generally used in plas- 
tics for interior applications. 

Inorganic pigments are generally 
metallic oxides. Calcined during 
processing at 1900 to 2400° F., 
they are much superior to the or- 
ganics and dyes in weather resist- 
ance, in heat- and light-stability, 
as well as in resistance to bleed- 
ing. In addition, they are less 
of an antioxidant. They are char- 
acterized by high specific gravity, 
low oil and plasticizer absorption, 
good chemical resistance, and 
general opacity, although one or 
two pigments in the group are 
transparent. They disperse well 
even though they are somewhat 
coarse and hard in texture. In 
thin films they may appea 
specky. In strong concentrations, 
inorganic pigments produce bright 
colors, but they are weak tinc- 
torially and their tints and pastels 
are often dull. 

Because of the trend toward 
higher molding temperatures, 
there is an increasing need for 
light-fast, heat-resistant color- 
ants. Existing resins are being 
pushed to higher temperatures 
and the newer resins such as 
polypropylene, ABS, fluorines, 
and silicones are all normally 
molded at somewhere from 400 to 
700° F. As a result, many of the 
organics and dyes are being elimi- 
nated from use in these resins. 

A miscellaneous group of pig- 
ments is available for the pro- 
duction of “special effects” in fin- 
ishing and decorating. Included in 
this group are metallic, pearl- 
escent, fluorescent, and phospho- 
rescent pigments, metallic flakes, 
and color speckles. Designed as 
“eye catchers,” most of these pig- 
ments, with the possible exception 
of the fluorescent/phosphores- 
cents, are proprietary items from 
individual colorant supply houses. 


Colorant selection 
Unfortunately, with plastics 

there is no simple choice of using 

one single pigment family or sys- 





tem over another, or whether or 
not to use an organic dye or an 
inorganic pigment to produce a 
given effect. In practice, it is just 
not possible to produce a desired 
color solely with one type of col- 
orant. In almost all cases different 
colorants are blended, and fre- 
quently colorants from one family 
will be blended with colorants 
from another family. These must 
be evaluated properly because 
each has different properties in 
different media and every resin 
has its own individual color pecu- 
liarity. 

First of all, the color and clarity 
of the resin are limiting factors. 
Almost all plastics have some nat- 
ural color; very few of them are 
clear and colorless. As an extreme 
example, a highly filled polyester 
resin cannot possibly be produced 
with a translucent or transparent 
effect. In some of the polyester 
resins containing a high percent- 
age of certain clay fillers, it is 
impossible to produce a_ high- 
reflectance white because of the 
lower reflectance of the clay fill- 
ers. Many plastics, particularly 
the alkaline phenolics, furanes, 
rubber compositions, and petro- 
leum polymers have or develop 
strong self-colors during process- 
ing—usually yellows, browns, 
grays, and blacks. Furthermore, 
chemical interaction between the 
resin and the colorant may pos- 
sibly have some effect upon the 
final color, which appears in the 
final product. 

Sometimes, supposedly clear 
stocks tend to develop yellowish 
casts and require the addition of 
blue colorants to produce greenish 
or achromatic grays. “Brightener” 
dyes (colorless compounds which 
produce bluish fluorescent color 
effects when exposed to ultra- 
violet light) can also be added. 
The purpose of these dyes is to in- 
crease the apparent “whiteness” 
of the resin. 

The recoloring of scrap and re- 
worked stocks is undoubtedly the 


most difficult coloring problem 


the colorist has to overcome. Each 
batch is different and each pre- 
sents a different color-matching 
problem. Furthermore, it is usu- 
ally necessary to adjust such 
properties of the batch as flow, 
flexibility, and opacity. For ex- 
ample, large additions of pigments 
adversely affect flow because of 
their plasticizer § absorption. 
Therefore, the addition of weakly 
colored or virgin stock is often 
necessary to increase flow and al- 
low the addition of more pigments 
which may be necessary when 
lightening dark-hued stocks with 
white or light-gray. It should also 
be remembered that stocks con- 
taining fugitive colorants will 
tend to give fugitive final color 
effects. (4) 

Another consideration is the pH 
of the resin itself and the pH con- 
ditions under which the end prod- 
uct will be used. These conditions 
must be considered when selecting 
colorants, since their stability may 
vary greatly with the pH and they 
may change in hue, solubility, 
fastness, and their effects on the 
properties of plastics. For exam- 
ple, a plastic article for use in the 
kitchen should have good alkali 
resistance and the colorant used 
in it should also be alkali-resist- 
ant. Likewise, a plastic article de- 
signed for use in a chemical lab- 
oratory should be resistant to both 
alkalies and acids, as should the 
colorants. 

Oxidation-reduction conditions 
must also be considered when se- 
lecting colorants for plastics. For 
example, most organic colorants 
can be bleached (oxidized) and 
many other coloring agents can be 
reduced. In addition, some color- 
ing agents are active antioxidants. 
In such cases, the colorist has to 
determine the degree to which 
they might inhibit the curing: of 
the resin. 

Reactions between colorants, 
catalysts, antioxidants, preserva- 
tives, fungicides, vulcanizates, and 
any other special additives must 
also be accounted for, particularly 





PROCESSING CONDITIONS AND/OR PIGMENT REQUIREMENTS: Molding phenolic: High 
heat; mildly alkaline reducing. Casting phenolic: Long, moderate heating; mildly alkaline or acid. 
Amino: Mildly acid reducing, light-fast. Polyester: Strongly oxidizing, light-fast. Polyurethane 
Strongly alkaline. Nylon: High heat; strongly reducing. Low-density polyethylene: High heat; 
neutral. High-density polyethylene, polypropylene: Very high heat; neutral. PVC: High heat; 


acidic jerylic: Very good light-fastness. Polystyrene: High heat and residual oxidizing catalyst 
Cellulosics: High heat; neutral or slightly acidic. Fluorocerbons: Extremely high heat; chemical 
resistance. Silicones: Extremely high heat; light-fast. Epoxy: Moderately high heat. Polycarbo- 


mate: Very high heat. 
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Property key Applicability key 
V—Very high 5—Recommended 
H—High 4—Applicable 

3—Limited conditions 
M—Moderate 2—Economy, low quality. 
L—Low 1—Not recommended 
X—Very low 0—Unsuitable 
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Red lake C Light red LLLX M L V LAB 444 3 es 2-8 8 3 2 028.6 
Pyrazolone Light red HMH L HMHHUL 4443404 34440040 
Napthol Light red to dark red HHHMVVHH HLHL 4443 04034440040 
Iron oxide Maroons and brick reds VV Py FB Bo V Xx H LV 4@4¢44¢4¢48s5 4434443485 S 
Manganese violet Violet VHHHH L H x L 4443 443 3 4 
High molecular weight Medium to light red EV V Ba VV? © H MH L eS S29 Ceo eee SS 3 
desazo red 
Vat reds Medium reds HH VVVVVUL Hx HL 3 $$ 3 8 36 2:8 2 2s 3 
ORANGES AND YELLOWS 
Cad sulfo-selenide? Orange to very light VNSCVLTvank 2S 43.5 £55 6.59 £2.:54.0 
yellow 
Chrome yellow* Medium to very light VMM™MHHoLM™M iL HV LH 4.@: @ © 40-.9,:3-636-4 & ee Ger 8 
yellow 
Chrome orange® Yellowish to red orange V HH HMM™MM™MM™M MH LM 4444414344 44 1 0 4 3 
Molybdate orange® Orange and orange-red VMHHMMM™MM™M H HMH 444 £4.44) 6-6: 4-4 M 0 4 - 
Vat colors Oranges and yellows Ra va wVyy Vv & H XH X $3¢3 4 €¢ 3-7 6 2 
Benzidine yellow Light yellow HH VM™MVHMM™M H LVM 3 444.8 e669 464 82°) O10 8 3 
Benzidine yellow, Light to deep yellow VHVVVHHMM H XVL >.@ 8% ‘2. so wt £2 ew 2 
rylidide 
Hansa yellow Light yellow LMVVVHMM™M H LVM § £282 eer 6 6-8 be 1 
Nickel-azo Greenish yellow HV VVHHAABARB MULHL 5 oS 5 36.8 8 5 
(“greengold’’) 
Strontium yellow’ Very light yellow VH VHHLML H H X M $§ 3 Bd & '@ 2: Be Be 5 
Zinc chromate Light yellow VERRY & MM L MHxXxX L $$ 3-3 2 2S 8 $ os 5 
Ni-ti yellow® Very light yellow VV VP Ve HVXL «os S°¢$-8 8-69 5 
Iron oxide Reddish to yellow tan VHVVVvV xHL YV $88. 2 & BS ESD 4 2s Ss 
GREENS AND BLUES 
Phthalocyanine® Blue and green VV VHVVHM Vv xXVM™M Ss $18.33 - 3 2 § § 
PTA/PMA toners Blue and green LMMxXVM™MLM™M VxXVL 443 2 27 4.3 :'3:-2 38-0 
Chromium oxide Dull green VVVM™MVVHAHA Lt & & $ Gace s . s & Orse-2 3: ¢ 
Hydrated chromium Bluish green VHVM™MVVHM a> ae * $ $3 a se $s 5 
oxide 
Chrome green Dark bluish to light VHM™MM™M’HLHAM LHMH es 8 Ss 3s 5 
yellow-green 
Pigment green B Dark green MMVLHVYV LMHH 1000 2 3 004 $ 
Iron blue!® Dark blue VMVM™MVLHAX LxXM™MvyYvV 3.94.28 2 (2.89 5 
Ultramarine Blues and violets VVVLIXVAM VLLS $383 3°38 titties fS.e 2 
Indanthrone Blue HV VVVVHL VEiV & 5 Ss. & 2 ’& $8 82 ee 5 
Cobalt blue Blue VV Vv V8. -O-O.9 MM X L 5 £5 sss 88 36.9.5 38 S$ 
WHITE 
Titanium dioxide, White VV VVHVH M H V Vv $42 6859 € 8t eee FS. oe. so 
rutile 
Titanium dioxide, White VV VVHVHM™M VuH Vv a = ie oe $3. be 2S 2 3-3 
anatase 
Zinc oxide White VHVVMMHM™M MM $$ 5 0 0 me eS 5 
Antimony oxide White VH VVM™MMHM MM Ss ss = ee Ss 
BLACKS AND BROWNS 
Channel Jet black VVVVVVHV VVH ates aye ee 5 
Furnace Black VV VV" Ve a VHYV ’ £2 £28 2s 8s fa 5 
Lamp black Bluish black VVVVVVHAVYV H MH a = Pb §.8§ $6 § § 5 
Iron oxide Brown and black VVvVvVVVVAV VLvV ot £8 t eae 2 Bis Ss SS 
Bone black Black VVVVLABYV MLM $s 6 i 8 $s$s 5 8 5 5 
SOLUBLE DYES 
(Azo Yellow to red (red) XxX LLMLMUL BB) 
Oil soluble | green, blue, " 4464 43 0:65 54.3.4 4.88 
| Anthra black, brown Xx HH MMM H) 
- \ quinone 
Spirit soluble, Wide range Xx LH LMM *# * 00 2 200300400 0 0 
Condensed azo 
Acetate dyes Wide range XxX HH LMM * * 0003500003330 0 3 0 
Acid dyes Wide range XMMLHM * * 4421100000010 01 0 
Basic dyes Wide range Xx LX XHL * * 443131 O04 BOO 88 Oo et © 
Basic dye bases Wide range = te a m..?.F 33:34 48 6.6.8.8 28 6.8.3 0 
ee 
Varies individual formulations. tLet- 
ters and erals explained facing page 
‘Discolors 1S Or Cu metal contact’ SVaries within class. *Discolors in contact 
Renee .tStains with sulfide. Stains with sulfide. ‘Stains with sulfide. *Sul- THIS CHART WAS PREPARED BY MR. HAL-CURTIS 
I Sulfide-stable. *The ve es of blue crystallize in aromatics. DISPERSION CORP. 
lor destr FELSHER, CLAREMONT PIGMENT 
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in closed molds where the mix is 
subjected to high heats and pres- 
sures. 

Dispersion is still another factor 
which influences the proper selec- 
tion of colorants. Some colorants, 
particularly the phthalocyanines, 
are more difficult to disperse than 
others. Therefore, in a given resin 
molding operation it is sometimes 
uneconomical to use certain col- 
orants because of the amount of 
work which will have to go into 
mixing the resin and colorant be- 
fore complete dispersion can be 
achieved. 

And, finally, the method used to 
incorporate the colorant has to be 
considered. If a molder intends to 
dry-color polyethylene, for in- 
stance, it becomes necessary for 
him to use a pigment system that 
has been processed so as to im- 
prove the dispersion of the com- 
ponents. However, this is not 
necessarily true for the resin 
manufacturer or the custom com- 
pounder, because they use mixing 
equipment which performs much 
more work on the colorant-resin 
mix than it receives merely from 
its passage through the cylinder 
of an injection molding machine. 
The development of a new Ven- 
turi type breaker plate for injec- 
tion molding machines has consid- 
erably aided the molder in 
achieving better dispersion in the 
high-melt index, low- and high- 
density polyethylenes, and _ in 
high-melt index, high-density 
polypropylene (5,6). 


Coloring methods 


Colorants can be added to most 
resins at any one of three stages 
in their travel from the basic 
manufacturer to the consumer of 
the molded part: 1) the resin 
manufacturer can add the color- 
ant before the resin leaves his 
plant; 2) the molder of the fin- 
ished part can add the colorant 
himself; or 3) the colorant and 
resin mix can be prepared by a 
resin compounder. 

At exactly what point the col- 
orant is introduced into the resin 
is determined by economy, vari- 
ations in markets and service, and 
differences in resin properties. Be- 
cause of inventory problems and 
warehouse space, a considerable 
number of large custom molders 
prefer to color the resin them- 
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selves. Other molders who steadily 
run a small number of colors 
and do not turn out a variety 
of molded objects naturally pre- 
fer to buy resin which is pre- 
colored (7). 

All colorants are supplied in one 
of two basic forms: 1) powdered 
(dry color); 2) concentrated pig- 
ment in a paste or solid base. 

The most common way for 
molders to color thermoplastics is 
by dry coloring. This operation 
consists of first tumbling a pow- 
dered pigment and the resin gran- 
ules together, and then passing the 
mix through the molding machine. 

Since it is virtually impossible 
to supply precolored liquid epoxy 
or polyester resins because of the 
adverse effect of colorants on their 
shelf-life, these materials are al- 
most always colored by the molder 
with paste color concentrates. 
These paste concentrates are 
nothing more than compatible 
liquid vehicles or carriers into 
which colorants have been thor- 
oughly dispersed. They are merely 
added to the liquid resin and 
good dispersion is then obtained 
through a simple stirring opera- 
tion. 

Paste colors are not the answer 
for all polyester applications, 
however. Molders who are doing 
hand lay-up operations at room 
temperatures and do not want to 
be forced to mix colors, use col- 
ored gel coats. Gel coats are also 
used where it is desired to keep 
the fibrous glass reinforcement 
below the surface. 

Concentrated pigments supplied 
in a solid resin such as polyethyl- 
ene or vinyl are called “master- 
batch” colors or “concentrates.” 
While this form of coloring is 
more expensive than dry coloring, 
it has the advantage of being 
clean and easy to handle. 


Surface versus integral colors 


Broadly speaking, plastics color- 
ing methods can be divided into 
two categories; those in which the 
colorant is applied to the surface 
of the molded part, and those in 
which the colorant is dispersed 
throughout the article. Obviously, 
the former must follow the mold- 
ing operation (except in certain 
laminating procedures where the 
color finish is applied to the mold 
as the first step of the operation), 


while the latter must take place 
during the molding. 

There are advantages and dis- 
advantages to both surface color- 
ing and integral coloring. For ex- 
ample, a surface-colored article 
permits the use of discolored res- 
ins and other materials such as 
reinforcing fibers without sacrific- 
ing appearance. Where opacity is 
not required, striking “depth” ef- 
fects can be achieved by using 
transparent colorants and clear 
resin. Since the layer of colored 
resin is very thin and only on the 
surface, less total colorant is used 
than in the case of the article 
which is colored throughout. On 
the other hand, abrasion of the in- 
tegrally colored part will not re- 
sult in areas from which color has 
been worn away(8). 
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Solvents 


| ndustrial solvents may be de- 
fined as fluids or mixtures of 
fluids that are capable of dissolv- 
ing or dispersing solid substances 
to produce compositions of indus- 
trial value. The variety of chemi- 
cals available within the solvent 
class offers numerous perform- 
ance properties. Selecting the 
proper solvent or solvent blends 
depends on many factors such as 
end use, method of application, 
and resin base. In many cases, 
there may be a number of practi- 
cal solvent combinations that will 
approach the desired require- 
ments for a given use. 

The coatings and adhesives in- 
dustries continue to provide a 
major market for solvents. Al- 
though the textile industry also 
utilizes large quantities of organic 
solvents in the production of fi- 
bers, the use of solvents in the 
coatings industry will be empha- 
sized in the following discussion. 


Basic resin coatings 


Nitrocellulose coatings: Nitro- 
cellulose lacquers are composed 
essentially of nitrocellulose or 
combinations of nitrocellulose and 
modifying resins, plasticizers, and 
volatile solvents. Pigments, if 
they are used, constitute an ad- 
ditional important ingredient. 
The volatile portion of the lacquer 
is a mixture of active solvent, 
latent solvent or coupler, and 
diluent. Active solvents (such as 
ketones, esters, or glycol ethers) 
are necessary to dissolve the ni- 
trocellulose. Latent solvents, like 
alcohols, will not dissolve nitro- 
cellulose alone but can be used 
in significant quantities without 
reducing the solvent power of the 
system. Finally, the diluents or 
hydrocarbons, which are solvents 
for many of the modifying resins, 
but not of nitrocellulose, are less 
expensive than the active and 
latent solvents and are primarily 
used to improve the economics of 
lacquer formulations. 

Because there is no ideal com- 
bination of components which will 

ill use requirements for a 
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lacquer solvent system or thinner, 
test methods have been devised. 
These methods—developed to as- 
sist in the proper selection of sol- 
vents for lacquer thinners—indi- 
cate the utility of solvents on a 
basis of various performance 
properties. 

Since nitrocellulose lacquer 
films dry primarily by evapora- 
tion of the volatile solvent sys- 
tem, the selection of components 
of proper evaporation character- 
istics is an important factor in de- 
signing solvent systems for spe- 
cific application techniques such 
as spray, dip, brush, or knife 
coating. The evaporation rates of 
solvents are indicated by a num- 
ber or relative evaporation rate. 
This rate is derived by comparing 
the time for a given amount of a 
well-known reference solvent— 
n-butyl acetate—to evaporate un- 
der identical conditions. 

Balance in evaporation rate is 
very important in lacquers. If, for 
example, the lacquer dries too 
fast, moisture blush or, in the case 
of spray applications, an uneven 
film surface, will result. Both 
moisture blush and flowout can 
be improved, however, by replac- 
ing part or all of the fast-evap- 
orating solvent with slower-evap- 
orating solvents having higher 
blush-resistance, keeping the fast- 
evaporating alcohol to a mini- 
mum, or adding retarders like 
butyl Cellosolve, diisobutyl ke- 
tone, or Cellosolve acetate to the 
system. Care should be taken, 
however, that large concentrations 
of these slow-evaporating sol- 
vents be avoided since they may 
unduly increase the drying time 
and can lead to sagging or run- 
ning in spray applications. 

Two basic methods are used for 
appraising the strength of solvents 
for nitrocellulose lacquers. The 
first method is diluent tolerance 
or dilution ratio. Since the dilu- 
ents are generally the least ex- 
pensive components of thinners, it 
is desirable, from an economic 
standpoint, to use the highest 
diluent content consistent with 
good performance. The second 
method is by viscosity. Because 


there is a maximum viscosity at 
which a lacquer can be applied in 
any type of finishing procedure, 
the practical solids contents of a 
lacquer is limited. In order to 
achieve the highest practical 
solids content, therefore, compo- 
nents of the solvent systems 
should be selected which tend to 
reduce the viscosity of the lac- 
quer. 

Vinyl resin coatings: The most 
popular coatings based on vinyl 
resins include copolymers of vinyl 
chloride and vinyl acetate, vinyli- 
dene chloride and acrylonitrile 
(vinyl cyanide), and vinyl chlo- 
ride and vinylidene chloride. Co- 
polymers are used since neither 
vinyl chloride nor vinylidene 
chloride is readily soluble in or- 
ganic solvents, and copolymeriz- 
ing with another constituent 
yields a resin of improved solu- 
bility. 

Coating formulations based on 
vinyl resins are simple compared 
with those of highly modified ni- 
trocellulose coatings. For exam- 
ple, only one or two vinyl copoly- 
mers and one or two solvents are 
required for most vinyl based 
coatings. 

Because the solubility charac- 
teristics of many vinyl resins re- 
quire the use of stronger solvents 
such as the ketones in preference 
to esters, the formulation of sol- 
vent systems for vinyl coatings 
differs somewhat from that of ni- 
trocellulose coatings. Vinyl resins 
also have limited tolerance for al- 
cohol and aliphatic hydrocarbons. 
Thus, these solvents are generally 
avoided in formulations contain- 
ing the standard vinyl copolymers. 
The preferred solvent systems for 
solution-grade vinyl resins are 
blends of ketones and aromatic 
hydrocarbons. 

Epoxy resin coatings: The 
epoxy coatings are primarily used 
in surface coating systems in 
three principal ways: 1) in com- 
bination with urea- or phenol- 
formaldehyde resins as heat-con- 
verted films; 2) by esterifying 
the epoxy resins with various 
vegetable acids and subsequently 
curing by oxidation or heat poly- 





merization; and 3) as films con- 
verted either at room or elevated 
temperatures with amines or 
amides like the polyamide resins. 

In the preparation of epoxy 
resin coatings of maximum chem- 
ical resistance, hardness, and sol- 
vent resistance, the epoxy resin is 
combined with urea or phenolic 
resins in heat-converted systems. 
Equal parts by weight of methyl 
isobutyl ketone, methyl amy] al- 
cohol, toluene, and xylene give a 
suitable solvent system. 

The largest volume for epoxy 
resin coatings is in a fatty ester 
system which is a compromise be- 
tween cost and performance. 
Modification with fatty acids re- 
duces the cost and allows the use 
of less expensive solvents such as 
aromatic and/or aliphatic hydro- 
carbons at the expense of the 
chemical-resistance properties of 
the films. 

In amine-cured epoxy systems, 
conversion to films takes place 
either by the chemical reaction of 
the amine (packaged separately 
and added to the epoxy resin ve- 
hicle prior to use) with epoxy 
groups and/or by the catalytic ac- 
tion of the amine. A typical sol- 
vent system would contain the 


following (amounts in percent by 
weight): methyl isobutyl ketone 


—45; butyl Cellosolve—5; and 
toluene—50. The major use for 
such systems is in industrial coat- 
ings which cannot be baked but 
which must be resistant to strong 
solvents and corrosive atmos- 
pheres. Polyamide resins, as well 
as amines, can be used to cure 
such systems. 

Acrylic coatings: The use of 
acrylic coatings or nitrocellulose- 
modified acrylic coatings as auto- 
motive finishes has _ increased 
their importance. The choice of 
solvent systems will, of course, 
depend to a large extent on the 
resin that is being used. Many of 
the common lacquer solvents are 
generally used in formulating sol- 
vent systems for acrylic coatings. 
Low-boiling ketones and aromatic 
hydrocarbons, with the addition 
of Cellosolve acetate for good 
flow-out, comprise a typical thin- 
ner for an automotive acrylic 
coating. 

Urethane coatings: A relatively 
recent use of solvents is in the 
manufacture of urethane coatings. 
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These coatings are prepared by 
reacting polyalcohols or combina- 
tions of polyalcohols with diiso- 
cyanates in a solvent system. The 
solvents used in this application 
must be essentially free of any 
active hydrogens since they will 
react with the isocyanates. High 
purity esters or glycol-ether es- 
ters, selected ketones, and aro- 
matic hydrocarbons can be used 
as solvents. 


Solvents for adhesive 
applications 

Solvents are also important in 
the production of adhesives—a 
more than 25 million Ib. per year 
market for active solvents. They 
are used most frequently with 
three types of materials: thermo- 
setting resins, principally phenolic 
or urea; thermoplastic resins, 
mainly polyvinyl acetate or cel- 
lulose derivatives; and rubber. 

Because the thermosetting res- 
inous materials are applied in a 
low state of polymer develop- 
ment, and the macromolecular 
resin is not present until the ad- 
hesive is cured by heat and the 
solvent has evaporated, the sol- 
vent technology for thermosetting 
adhesives is of minor importance. 
Alcohols, in addition to being 
principal solvents for urea-for- 
maldehyde type adhesives, are 
also used to dissolve phenolics for 
wood laminations with a hydro- 
carbon such as toluene often be- 
ing incorporated into the volatile 
vehicle. 

The solvent technology of ther- 
moplastic adhesives such as nitro- 
cellulose and vinyls, however, is 
very similar to that of coatings. 
Compared with coatings, a greater 
variety of resinous materials is 
used in this field. Polyvinyl ace- 
tate is the basis for a large family 
of adhesives, requiring esters and 
alcohols as the principal solvents. 
Polyvinyl butyral, used as the in- 
ner layer of safety glass construc- 
tion, requires ketones, alcohols, 
and mixtures of alcohols and aro- 
matic hydrocarbons as solvents. 

Solvent-sealing—in which the 
solvent promotes self-bonding of 
plastic sheets or lacquered films 
—is another important use of sol- 
vents in the adhesives field. Sol- 
vents of this type for vinyl chlo- 
ride, for example, are built 
around methyl acetate, methyl 


ethyl ketone, methylene chloride, 
cyclohexanone, or isophorone as 
the principal active solvents. 


Types of solvents 


Solvents are classified in sev- 
eral groups, each with different 
characteristics, properties, and 
end uses. In the following discus- 
sion, emphasis is placed on those 
solvents of importance to plastics. 
Uses of other solvents in other 
industries are either mentioned 
only in passing or omitted en- 
tirely where they do not touch on 
plastics. 


ALCOHOLS: While alcohols are 
not usually primary solvents, they 
are easily the most important 
group of synthetic solvents be- 
cause of the large variety of in- 
dustrial compounds available and 
their enormous volume of pro- 
duction. Alcohols are character- 
ized by a single hydroxyl group 
and their performance is largely 
controlled by the related hydro- 
carbon structure. Alcohols are 
oxidized to ketones, or aldehydes 
and acids. They react with acids 
to form esters, dehydrate to yield 
ethers, and combine with alde- 
hydes to form acetals. 

Methyl alcohol or methanol: 
Although it is completely miscible 
with water, methyl alcohol is also 
a solvent for fats, oils, and resins, 
and is the only alcohol that will 
dissolve nitrocellulose. Its solu- 
tions of gums and resins usually 
have a lower viscosity than simi- 
lar solutions formed by other al- 
cohols. Since it does not form 
constant-boiling mixtures with 
water, it may be recovered in a 
substantially anhydrous form by 
simple distillation. 

Methanol, widely used for the 
methylation of organic com- 
pounds, is the raw material for the 
manufacture of formaldehyde, an 
important intermediate in the 
synthesis of phenolic, urea, and 
melamine resins, and rubber ac- 
celerators. Methanol is also used 
to dissolve shellac, rosin, ethyl 
cellulose, polyvinyl acetate, and 
polyvinyl butyral. 

Ethyl alcohol or ethanol: Used 
either as a solvent or an extract- 
ant, ethanol is important in the 
manufacture of lacquers, enamels, 
varnishes, artificial leathers, and 
other industrial products. It is a 
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TABLE |: Properties of some industrial solvents 
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Isophorone 7.7 0.923 220 . 43 
Isopropyl! acetate 
(95—97%) 7.2 0.874 89 90 
Isopropyl ether 6.0 0.724 68 69 
Mesityl oxide 
(anhydrous) 71 0.857 123 (5ml.) 132 





Methanol 6.6 0.792 64 Infinite Infinite 
Methy] acetate 

(78—82%) 75 0.904 24.5 8.2 
Methyl acetone, 

synthetic 6.9 0.833 Infinite Infinite 
Methyl amyl acetate 7.1 0.859 0.13 0.58 





Methyl n-amyl 
ketone 68 0.817 154 92 0.43 15 
Methyl Carbitol 8.6 1.021 194 198 76 Infinite Infinite 
Methyl Cellosolve 8.0 0.966 125 125.5 42 Infinite Infinite 

Methyl Cellosolve 
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Methyl ethyl ketone 6.7 0.806 26.8 118 
Methyl isoamyl 
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trahydrofuran 74 800 0.889 65 67 50 15 Infinite Infinite 


mercial esters, in general, contain various concentrations of alcohol which may radically affect water solubility. 
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solvent for shellac and other 
natural resins, for many synthetic 
resins, and is used as a latent sol- 
vent for nitrocellulose. 

Isopropyl alcohol or isopropa- 
nol; Often used as a substitute for 
ethyl alcohol, isopropyl alcohol is 
soluble in water in all proportions 
and is an excellent solvent for 
such resins as vinyl butyral and 
ethyl cellulose. It is also a coupler 
or latent solvent in nitrocellulose 
lacquer formulations. 

n-Propyl alcohol: n-Propy! al- 
cohol, like isopropyl alcohol, also 
finds application in lacquers and 
dopes, among many other types 
of end uses. 

n-Butyl alcohol: The most im- 
portant of the butyl alcohol iso- 
mers produced commercially is 
n-butyl alcohol, a latent solvent 
and coupler in most quality nitro- 
cellulose lacquers. Its use results 
in better resin compatibility, in- 
creased blush resistance, and bet- 
ter flow-out and leveling. It is 
also a softener in the fabrication 
of nitrocellulose plastics and is an 
excellent solvent for ethyl cellu- 
lose. 

Butanol is a widely accepted 
solvent for urea-formaldehyde 


and urea-melamine resin formu- 
lations used in surface coatings. 


Butylated resins are superior 
coating materials with excellent 
color stability and gloss. Butanol 
is also an important solvent and 
viscosity-reducing agent in alkyd 
surface coatings, and for phenol- 
formaldehyde and urea-formalde- 
hyde resin adhesives that find 
broad applications in the laminat- 
ing of wood. Mixtures of butanol 
and butyl Cellosolve are valuable 
additives for oleoresinous and 
spirit varnishes to improve brush- 
ability and flow. They are mutual 
solvents for many immiscible sub- 
stances and diluents for hydraulic 
fluids. 

Butanol dissolves up to 20% of 
its weight of water at ordinary 
temperatures but forms with it a 
constant-boiling mixture, con- 
taining 55.5% butanol and boiling 
at 93° C. These characteristics 
make it a useful azeotropic de- 
hydrating agent. 

Other alcohols: Amyl, methyl- 
amyl, isobutyl, hexyl, and higher 
alcohols are among the other 
commercially produced alcohols. 
They are used as latent solvents 


for the nitrocellulose type of plas- 
tics and as solvents for various 
other resins. 


ESTERS: The original solvents 
for nitrocellulose, esters are the 
reaction products of commercial 
alcohols with acids or anhydrides. 
Acetic acid is usually reacted 
with monohydric or dihydric al- 
cohols in the manufacture of ester 
solvents. Other esters are by- 
products of ester interchange re- 
actions. The solvent properties and 
evaporation rates are controlled 
by the related alcohol group. 

Ethyl acetate: An excellent fast- 
evaporating solvent for nitrocel- 
lulose, ethyl acetate is used in the 
production or processing of lac- 
quers, cements, coated papers, 
inks, nail enamels, photographic 
films, smokeless powder, plastic 
wood, thinners, dopes, and var- 
nishes. It is also a good solvent for 
such resins as cellulose mixed es- 
ters, ethyl cellulose, polymethyl 
methacrylate, polyvinyl acetate, 
and polyvinyl butyral. 

Isopropyl acetate: Often used 
as a replacement for ethyl ace- 
tate, isopropyl acetate resembles 
ethyl acetate in its physical and 
chemical properties. Its largest 
use is as a solvent for coatings 
and adhesives, particularly for ni- 
trocellulose products. 

Butyl acetate: Having excellent 
solvent properties for nitrocellu- 
lose lacquers, the availability of 
butyl acetate (n-butyl acetate) 
during the early development of 
the lacquer industry led to its 
general acceptance as the stand- 
ard by which lacquer solvents are 
compared. 

As a nitrocellulose solvent, bu- 
tyl acetate also has widespread 
use in the manufacture of air- 
plane dopes, artificial leather, 
photographic film, printing inks, 
adhesives, and paper coatings. In 
addition to its nitrocellulose uses, 
butyl acetate is a solvent in coat- 
ings that employ certain vinyl 
resins, cellulose mixed esters, and 
other film formers. 

Other ester solvents include: 
isobutyl acetate, a somewhat less 
expensive substitute for n-butyl 
acetate; sec-butyl acetate, used 
principally in nitrocellulose lac- 
quers; amyl acetates, used prin- 
cipally as nitrocellulose solvents; 
methyl amyl] acetate, employed in 


nitrocellulose lacquer and thinner 
formulations to improve gloss, 
flow-out, and blush resistance; 
and Cellosolve acetate which may 
be considered the all-purpose lac- 
quer solvent. 


KETONES: Ketones, relative 
newcomers in the field of solvents, 
are characterized by one or more 
carbonyl groups within a hydro- 
carbon structure. The non-termi- 
nal location of the carbonyl 
groups contributes solvent power 
to the compound. Specific solvent 
action and rate of evaporation are 
determined by the length and na- 
ture of the hydrocarbon struc- 
tures attached to the two remain- 
ing bonds on the carbon atom of 
the carbonyl group. 

Widely used by the surface 
coatings industry, ketones are 
solvents for nitrocellulose and 
other cellulose esters, vinyl chlo- 
ride-vinyl acetate copolymer, and 
other resins both natural and 
synthetic. Ketones are completely 
miscible with benzene, ethyl 
ether, heptane, methanol, and car- 
bon tetrachloride. They are used 
in dewaxing agents for lubricating 
oils and in extraction solvents for 
the production of various phar- 
maceutical products. 

Acetone: Still the most impor- 
tant ketone, acetone is a colorless 
volatile liquid completely miscible 
with water and most organic sol- 
vents. Produced principally by the 
oxidation of isopropyl alcohol, it 
is a fast-evaporating solvent for 
many gums and resins, including 
vinyl chloride-vinyl acetate co- 
polymers, nitrocellulose, cellulose 
esters, and most acrylics. Acetone 
is a particularly valuable process 
solvent in the production of ace- 
tate fibers and artificial leather, 
photographic film, pyroxylin plas- 
tic, and smokeless powder. It is 
used in the formulation of lac- 
quers as well as various airplane 
and leather dopes, and also finds 
application in the formulation of 
rubber cements. 

Methyl ethyl ketone: Broad ap- 
plications for methyl ethyl ketone 
are found in synthetic surface 
coating formulations based on ni- 
trocellulose, cellulose acetate bu- 
tyrate, ethyl cellulose, acrylic 
resins, vinyl acetate, and viny! 
chloride-vinyl acetate copolymers. 
It is used to obtain minimum vis- 
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cosity at high solids concentration 

r high solids concentration at a 
given solution viscosity. 

Methyl isobutyl ketone: The 
most widely used ketone solvent 
of intermediate evaporation rate, 
methyl isobutyl ketone is a de- 
sirable solvent for nitrocellulose 
and other coating resins such as 
polyvinyl acetate, vinyl chloride- 
vinyl acetate copolymers, most 
acrylic esters, and a variety of 
alkyds. It is a solvent for adhe- 
sives, rubber cements, and aircraft 
dopes based on cellulose acetate- 
butyrate, and is used to reduce 
the viscosity of phenolic coatings. 

Methyl isoamyl ketone: Valu- 
able in solvent mixtures for both 
air-dried and baked finishes based 
on nitrocellulose or vinyl resins, 
methyl isoamyl ketone has good 
solvent power and medium evap- 
oration rate. Thus, it is useful in 
the preparation of coatings that 
have adequate flow-out without 
an unduly long drying time. 

Isophorone: One of the strong- 
est nitrocellulose solvents, iso- 
phorone has a toluene dilution 
ratio of 6.2 and a xylene dilution 
ratio of 5.1. It is a strong solvent 
for vinyl chloride-vinyl acetate 
copolymers, most gums and waxes, 
and many other natural and syn- 
thetic resins. It is included in 
nearly all vinyl metal finishes ap- 
plied by roll-coating techniques. 


ETHERS AND POLYETHERS: 
In general, ethers are volatile 
liquids, relatively insoluble in 
water but miscible with a large 
number of organic solvents. They 
are excellent solvents for waxes, 
fats, oils, and certain natural res- 
ins. Some ethers when mixed with 
alcohols become solvents for cel- 
lulose esters and are used in the 
manufacture of collodion and 
photographic film and in smoke- 
less powder, 

Ethyl ether: A colorless, highly 
flammable, low-boiling liquid with 
a characteristic odor, ethyl ether 
is moderately soluble in water 
and is miscible with many organic 

mpounds. A mixture of ethyl 
ether and ethanol is a solvent for 
nitrocellulose in the manufacture 

‘ guncotton, collodion solutions, 

1 pyroxylin plastics. 

Butyl ether: Miscible with most 

anic solvents and practically 
oluble in water, butyl ether is 
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an excellent solvent for resins. 
The low miscibility of butyl ether 
with water and its solvency for 
many organic compounds make it 
an effective and economical ex- 
tractant. Other advantages: sta- 
bility, high-boiling point, ease of 
recovery. 

Dioxane: Completely miscible 
in water, dioxane is an excellent 
solvent for cellulose acetate, cel- 
lulose ethers, and a wide variety 
of resins. With the addition of 
only a small amount of alcohol, it 
will dissolve dry nitrocellulose. 

Dichloroethyl ether: A _ high 
boiling chlorinated solvent that is 
extremely resistant to hydrolysis, 
dichloroethyl ether is a good sol- 
vent for the separation of buta- 
diene from butylene by extractive 
distillation. 

Glycol-diethers: Colorless liq- 
uids that are excellent solvents 
for many resins, the glycol-di- 
ethers are completely miscible 
with ethanol, acetone, ethyl ace- 
tate, isopropyl ether, ethylene di- 
chloride, toluene, heptane, castor 
oil, and pine oil. They dissolve 
chlorosilanes, which are used in 
making silicone rubbers. 


GLYCOL-ETHERS (Ether-alco- 
hols): Containing both an ether 
and an alcohol group, glycol- 
ethers are miscible with most liq- 
uids, and are excellent mild- 
odored solvents for resins and 
other organic materials. Original- 
ly developed to meet the lacquer 
industry’s need for better solvents 
for cellulose esters, glycol-ethers 
are produced by reacting certain 
alcohols, such as methanol, etha- 
nol, and butanol, with ethylene 
oxide. 

One of the important applica- 
tions of glycol-ether solvents is in 
lacquers and enamels. The sol- 
vents improve the gloss and flow 
of lacquers and the gloss and 
gloss retention during baking of 
synthetic enamels. 

All glycol mono-ethers contain 
a hydroxyl group which can be 
esterified, etherified, chlorinated, 
or otherwise modified at this re- 
active group. 

Ethylene glycol monomethyl 
ether: This glycol-ether solvent is 
a medium boiling, water-miscible 
material with a mild odor and the 
most rapid evaporation rate of the 
glycol-ether group. It exhibits 


strong solvency for a wide variety 
of substances including nitrocel- 
lulose, cellulose acetate, and ace- 
tate-butyrate. 

As a lacquer solvent with a high 
(4.0) toluene dilution ratio, ethyl- 
ene glycol monomethyl ether is 
included in lacquer formulations 
to increase solvency for the film 
former and to improve drying 
characteristics of the film. Related 
applications are in printing inks 
and adhesives for cellulose acetate 
plastics. 

Ethylene glycol monoethyl 
ether: With a toluene dilution ra- 
tio of 4.9, ethylene glycol mono- 
ethyl ether is the best glycol-ether 
solvent for nitrocellulose lacquers. 
It is a medium-boiling, water- 
miscible, glycol-ether with a mild 
odor and low evaporation rate. 
An excellent solvent for alkyd 
resins, it is also used in phenolic 
varnishes, epoxy coatings, and 
special coatings for polystyrene. 
As a solvent in lacquer formula- 
tions, it increases gloss and im- 
proves flow-out. In hot lacquer 
processes, it is combined with 
ethylene glycol monobutyl ether 
and either butyl acetate or methyl 
isobutyl ketone to obtain a range 
of evaporation rates with small 
variations of viscosity. This mo- 
noethyl glycol-ether is also used 
to decrease the viscosity of alkyd 
baking enamels and to produce 
varnish removers and metal and 
glass cleaners. 

Ethylene glycol monobutyl 
ether: Exhibiting strong solvency 
for alkyd, phenolic, nitrocellulose, 
and maleic-modified resins, eth- 
ylene glycol monobutyl ether is 
one of the best retarders for nitro- 
cellulose lacquers; it strengthens 
blush resistance, increases gloss, 
improves flow-out, and prevents 
an uneven film surface, commonly 
called “orange peel.” Hot spray 
lacquers may include up to 10% 
of this solvent. Related applica- 
tions are in special coatings for 
polystyrene, in epoxy coatings, in 
high-low thinners, and for reduc- 
tion of the viscosity of alkyd bak- 
ing enamels. 

Ethylene glycol monophenyl 
ether: Ethylene glycol monophe- 
nyl ether exhibits high solvency 
for cellulose nitrate, cellulose 
acetate, ethyl cellulose, some vinyl 
resins, ester gum, dewaxed dam- 
mar, rosin, and many phenolic 











Helpful Literature 


FREE! 


PLASTICS FOR INDUSTRY. Illustrated 12- 
page booklet features properties and 
typical end uses of various plastics. De- 
tailed results of ASTM tests on styrene, 
polyethylene and vinyl chloride molding 
compounds. Information on forms, teal 
uses and characteristics of fabricating, ex- 
truding, calendering, and laminating ma- 
terials, etc. Monsanto Chemical Co., 
Plastics Div. 


FOAM SYSTEMS. Two bulletins describe 
“infusible” foam systems with unique 
high-amp temperature resistant proper- 
ties and polyether foam systems with 
intermediate heat resistant properties. 
Outstanding advantages, product infor- 
mation, test results, notes. The Carwin 
Co. 


VACUUM COATING EQUIPMENT. 16-page 
illustrated brochure describes features 
and applications of a line of machinery 
and equipment designed for vacuum 
coating. Specifications, tables, data. NRC 
Equipment Corp. 


FPOXY CURING AGENTS. 10-page brochure 
discusses the characteristics and proper- 
ties of two bifunctional alkyl alkanol 
amines. They undergo typical tertiary 
amine reactions and, in addition, contain 
hydroxy groups which give them some 
characteristics of alcohol. Pennsalt 
Chemicals Corp. 


PLASTICS MACHINERY. Data folder con- 
tains illustrations for extruder, film sys- 
tems, rotatable die, nip roll take-off, web 
edge guide, take-up turret winder, hi- 
frequency printability treater, and a 
printing unit. Essex Plastics Machinery 
Co., Ine. 


PLASTIC-MOLDING STEEL. 4-page _ illus- 
trated folder describes tool steel that’s 
ideal for plastic molding because it takes 
high, mirror-like polish. General informa- 
tion, applications, other data. Bethlehem 
Steel Co. 


INJECTION PRESS. 4-page illustrated folder 
describes completely automatic pneu- 
matic plastic injection press—with %4 oz. 
capacity. Advantages, specifications. Sim- 
plomatic Mfg. Co. 


MIXING & DISPENSING. 8-page illustrated 
book describes line of equipment for 
proportioning, mixing and dispensing 
multi-component resin systems. H. V. 
Hardman Co., Inc. 


SAWS. Catalog describes complete line of 
precision blades for all sawing applica- 
tions. Includes combination saws, dado 
saws, all-purpose saws, friction saws, 
abrasive saws, etc. The Heinemann Saw 
Corp. 


KETONE PEROXIDES. 6-page brochure de- 
scribes features and applications of a 
ketone peroxide in a diluent of dimethyl 
phthalate, a clear, oily, mobile liquid 
poesia greater reactivity than other 
ow temperature organic peroxide cata- 
lysts. U. S. Peroxygen Corp. 


DIE PRESSES. 4-page illustrated catalog 
folder describes features and applications 
of a 3-power die cutting press designed 
for a wide variety of mateirals, including 
plastics. Specifications and data. Hobbs 
Mfg. Co. 


@ All the booklets described here—plus hundreds and hundreds of 
others—are yours for the asking, entirely without cost or obligation. 
Just turn to the Manufacturers’ Literature Section (immediately 
preceding the Buyers’ Directory), circle the numbers you want, 

fill in the reply post card, and mail. No postage is needed. 


A service of 


MODERN 


PLASTICS 


Encyclopedia Issue 


A Breskin Publication 


770 Lexington Avenue, New York 21, N.Y. 








and alkyd resins. Certain adhe- 
sive materials require the use of 
a solvent such as ethylene glycol 
monophenyl! ether that can func- 
tion by evaporating slowly at 
room temperature. 

Diethylene glycol monomethy| 
ether: Diethylene glycol mono- 
methyl ether has the solvency and 
low volatility necessary to pro- 
duce excellent results in brushing 
lacquers. It is also a solvent for 
resins. 

Diethylene glycol monoethyl 
ether: The basic solvent in most 
non-grain-raising wood stains, 
diethylene glycol monoethy] 
ether is widely used in non- 
aqueous wood stains and serves 
as a component of many industrial 
cleaners. 

Latex paint formulations fre- 
quently include this solvent to 
improve film coalescence, particu- 
larly where low temperatures are 
involved. 

Diethylene glycol monobutyl 
ether: This glycol-ether is useful 
in lacquers, dopes, and stamp- 
pad and printing inks that require 
a solvent with an extremely low 
rate of evaporation. This solvent 
is incorporated in high-baked 
enamels to contribute desirable 
flow and gloss characteristics. It 
is also a dye solvent widely used 
to promote rapid and uniform ink 
penetration that facilitates print- 
ing on box board and on similar 
materials. 


HYDROCARBONS: Although 
hydrocarbons, such as benzene, 
propane, cyclohexane, xylene, 
and mixtures of hydrocarbons, 
are solvents for only a limited 
number of resin types, they play 
an important role in coatings. 
These materials are employed as 
diluents in various types of resin 
systems for which they are not 
active solvents. 

Hydrocarbons are divided into 
three broad classifications: aro- 
matic, naphthenic, and aliphatic. 
Aromatic hydrocarbons — e.g., 
benzene, toluene, and xylene— 
are produced commercially from 
coal tar and petroleum. Most of 
the other commercially available 
hydrocarbon solvents are mix- 
tures of the three main types. 
These solvents cover a wide spec - 
trum of distillation ranges a! 
solvent power. 
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Discover New Profits. Glidden pigments can add to the sales potential of your 
products. Glidden Zopaque” Titanium Dioxide, the finest white pigment available, 
exhibits excellent dispersion properties, low reactivity and exceptional whiteness, 
gloss, color retention and hiding power. Non- bleeding, non-fading Glidden 
Cadmolith® reds and yellows are insoluble in all vehicles. The ten soft, easy-to- 
grind shades impart high opacity and resist acids, alkalies and heat. 


GU ALITY THE GLIDDEN COMPANY 
FINEST PIGMENTS FOR INDUSTRY 
Chemicals Division * Pigments and Color Dept. 


PRopuct® 
Baltimore 26, Maryland 
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Synthetic Pearl Pigment 


SUPERIOR TO NATURAL 
at the Synthetic Price 


TEST PEARL GLO (new synthetic *Patented 
essence), whether you spray, dip or incorporate, 
you'll find a saving in equipment and labor 
required. Use it on any sealed surface, plastic, 
metal, wood, leather, paper etc. It may also be 
incorporated into Acrylic, Polyester, Vinyl, Poly- 
ethylene, etc. Gives a dazzling pearl finish at 
very low cost. 


WRITE TODAY FOR A TRIAL SAMPLE OF 


PEARL GLO for a test run and full information. 
(Specify application and choice of vehicle.) 


ARGENTA 
PRODUCTS CO. 


Estab. 1919 
SYNTHETIC DIVISION 
74-80 Forrest St. Sea Street 
Jersey City, N.J. Eastport, Maine 
*Patent No. 2,807,858 


"A 
." 








NATURAL DIVISION 











. svat ee 


re ORIGINAL THE ONLY 
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Curb static electricity troubles with 
plastic materials. Light applications 
on plastic packaging and bags mini- 
mizes dangerous static that causes 
plastic to adhere to children’s faces. 
Applied to machinery, this original, 


$3 a Can 
$30 a Doz. (spray) 
$15 a Gal. (Avia) 


registered anti-static preventive eliminates static disturb- 
ances in manufacturing operations. Ideal wherever de- 
signs are placed on plastic by printing or painting. Pre- 
vents smearing caused by static attraction. Continued use 
is accumulative, reducing the frequency of static evidence. 
Mail coupon for full details. MAIL COUPON TODAY! 






Send the following (please check): 
(_] Free Literaturel_]One case of spray cans@$30 
[JOne spray can $3(_JOne bulk gallon @ $15 
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Used By Hundreds Of Leading Plants 





















FACTS... FIGURES... 
SPECIFICATIONS... 


on what's new 
in plastics 


FREE! 


® To further help you and your staff “get the 








facts” on what's new in plastics, each month 
MODERN PLASTICS publishes the Manufac- 
turers. Literature Page. Check it over. Youll 
find many brief reviews of the latest booklets, 
brochures, and bulletins available free from 
manufacturers. They re chock full of details on 
materials, etc. that may 


services, equipment, 


prove helpful to you. 


If youll turn to page 1045 in this MODERN 
PLASTICS ENCYCLOPEDIA ‘62 youll see 
there are over 500 reviews listed, covering vir- 


tually every phase of plastics. 


Manufacturers Literature pages are always easy 
to find—they’re printed on heavy paper. The 
booklets are easy to order too, with the attached 


postpaid order form. 


Another Service of 


MODERN PLASTICS 


A Breskin Publicat on 
770 Lexington Avenue, New York 21, N Y. 
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CREATE UNUSUAL 
LUSTRE EFFECTS 
WITH 


INCORPORATED INTO PLASTICS 
OR USED AS A COATING... 


These free brochures will show you how! 





8-PAGE 


NACREOUS PIGMENT HANDBOOK 


The basic guide to the use of natural 
pearl essence and synthetic pearl pig- 
ments. Describes the various qualities 
available, gives application procedures, 
and much more valuable information. 
Ask for Brochure #10309. 


MURANO COLORS BROCHURE 


This new product which has the lustre 
of pearl in beautiful color is described 
in this 4-page brochure. Describes 
Murano’s multiple color play which 
verges on the iridescent, lists the colors 
available, and tells how to use it. Ask 
for Brochure #2550. 


COATING WITH 
NACREOUS PIGMENTS 


A must for those who use coatings. De- 
scribes application techniques and tells 
how to achieve unusual effects. Ask for 
Brochure #13649. 


IRIDESCENT EFFECTS IN 
CAST METHACRYLATE 


4-page brochure describes the effect and 
offers a suggested procedure for obtain- 
ing iridescent effects in cast methacry- 
late sheets. Ask for Brochure #16419. 


ASK FOR THESE INFORMATIVE BROCHURES TODAY 














especially developed for plastics 


PEROX DYES: Formulated for use in thermoplastic resins 
which are polymerized with organic peroxide catalysts... 
soluble in polyester resins in which organic peroxides will be 
incorporated... have good heat stability, and are recom- 
mended for temperatures up to 650°F. Because of their good 
heat stability Perox Dyes are exceilent for coloring poly- 
styrene and other thermoplastics. 

Perox Dyes are available in a wide range of colors and in 
brilliant pastels when combined with white substrate pig- 
ments, such as Titanium Oxide. 

Perox Blue Whitener 3B and Perox Blue 2R, when added 
in very low concentrations to off-shade resins exhibiting an 
undesirable yellowness, neutralize this yellow shade to a 
neutral gray. The resin appears much brighter and whiter, 
particularly combinations with white pigments. 


RECOMMENDED FOR: 

_ | Organic | POLYSTYRENE, POLYSTYRENE COPOLYMER 
PEROX DYES: | peroxides, | CELLULOSE ACETATE, POLYPROPYLENE, NYLON, 
ACRYLIC RESINS and POLYESTER RESINS. 





RECOMMENDED FOR: 


: CELLULOSE ACETATE, POLYSTYRENE, 
HYTHERM DYES: PO! YPROPYLENE, NITROCELLULOSE SOLUTIONS 


and HEAT SET INK VEHICLES. 











HYTHERM DYES: Distinguished by their heat stability in 
polystyrene and similar thermoplastics. They are stable at 
temperatures up to 650°F and are recommended as coloring 
agents in plastics processed in modern high-speed, high- 
temperature extrusion and injection molding equipment. 
Hytherm Dyes are available in many colors and in combina- 
tion with Perox Dyes, the full spectrum can be covered. Bril- 
liant pastel shades can be obtained in combination with white 
pigments and substrates. Hytherm colors have good to ex- 
cellent light-fastness. Hytherm Dyes are not recommended 
for polyester resins or other plastics which are polymerized 
with organic peroxides. 





Samples and specifications upon request. 


PATENT CHEMICALS, INC. 
335 McLean Blvd. Paterson, N. J. 
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RUCOBLEND is a new ready-mix of resin and compound, specifically developed for the record pressing industry. 
No biscuit is needed! RUCOBLEND, transferred directly from the compounder into the press while still hot, 
eliminates cooling and re-heating, producing records with these improved qualities: # Superior Frequency Respo 
= Lowest Surface Noise Level ® Non-warping ® Great Durability = Color Uniformity. Write for details to: 


For industry after industry, RC research has solved the most intricate problems by developing new polym 
products and new production methods. If you manufacture plastic products, your first source of supply shou! 

RC for Plasticizers—Comonomers—Vinyl Polymers—Copolymers—Viny] Films and Sheetings—Plastisols—and =»e- 
cialty Vinyl Compounds... Ready...Reliable...RC Serving American Industry Since 1930. 

RUBBER CORPORATION OF AMERICA & New South Road, Hicksville 1, N.Y. / Sales Offices: New York + Chicago * Bo:'om 
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stman’s multi-functional SAIB 


Sucrose Acetate tsoBuTyrate 


A unique ester of sucrose used to modify cellulose acetate. 
Improves deep-drawing properties and permanence. Very 
low color, low volatility, and good thermal stability are 
basic features of SAIB. A semi-solid at room temperature, 
its viscosity drops to 100 cps. at 100°C. Available in two 
forms, undiluted or as a 90% solution in ethyl alcohol. 

Send for Bulletin N-105 


Eastman Plasticizers 


Eastman’s complete line of 15 phthalate and specialty 
plasticizers are characterized by low color and maximum 
purity. Detailed physical properties, compatibility charts, 
and other performance data and graphs are available to 
assist the processor in plasticizer selection. 

Send for Catalog L-104 


Eastman 910 Adhesive 


Eastman 910 Adhesive forms bonds with most plastics, 
usually in a matter of seconds to minutes, with no more 
than contact pressure. Among the stronger bonds are those 
with vinyls, phenolics, cellulosics, polyesters, polyure- 
thanes, and nylon. Somewhat weaker are bonds with poly- 
styrene, polyethylene, and fluoro-hydrocarbon plastics. 

Eastman 910 Adhesive has high strength. No solvent, no 
heat, and no catalyst are needed. There is virtually no 
shrinkage on setting. One pound contains about 14,000 
one-drop applications. 

A $5 trial kit of Eastman 910 Adhesive and information 
concerning its use are available from Eastman Chemical 
Products, Inc., or Armstrong Cork Company, Industrial 
Adhesives Division, Lancaster, Pennsylvania. 

Send $5 for a trial kit 


Eastman Inhibitors 


Inhibitor THBP (trihydroxybutyrophenone) 
A pale yellow solid with a melting point of 150-153°C., 
soluble in alcohol and oils. Excellent compatibility in 
polyolefins and paraffins, high antioxidant activity. Ap- 
proved for food packaging use. 

Send for Technical Data Report X-118 
Inhibitor RMB (resorcinol monobenzoate) 
A white crystalline solid melting at 132-135°C., soluble 
in most organic solvents. Gives ultraviolet stability in 
cellulosics and certain polyesters, and specifically in ap- 
plications where color is important. 

Send for Technical Data Report X-111 


Inhibitor HPT (hexamethylphosphoric triamide) 

Colorless liquid, boiling at 230-232°C. (739.4 mm). Soluble 
in polar and non-polar solvents, miscible in all proportions 
with water. Poly (vinyl chloride) formulated with HPT 
and a heat stabilizer exhibits outstanding weathering 
properties. Send for Technical Data Report X-113 


Inhibitor OPS (p-octylpheny! salicylate) 
White crystalline solid, melting at 72-74°C. and soluble in 
most organic solvents. Polyethylene film containing 1% 
OPS withstood weathering test for 1045 hours without 
cracking, crazing, or embrittlement. Good in polypro- 
pylene, too. Send for Technical Data Report X-112 
Inhibitor DOBP (4-dodecyloxy-2-hydroxybenzophenone) 
A solid that melts at 44-46°C. and is soluble in polar and 
non-polar solvents. DOBP is a highly effective, compatible 
ultraviolet inhibitor for polyethylene and polypropylene 
—about the best we’ve seen. 

Send for Technical Data Report X-126 
Inhibitor DHBP (2,4-dihydroxybenzophenone) 
This solid ultraviolet inhibitor melts at 143-144°C., is 
soluble in polar organic solvents. Designed for cellulosics, 
unsaturated polyesters, and polystyrene. 

Send for Technical Data Report X-127 


E AaAStmM2AaND. CHEMICAL PRODUCTS, INC., Chemicals Division 
Subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 


SALES OFFICES: Eastman Chemical Products, Inc., Kingsport, Tennessee; Atlanta; Boston; Buffalo; Chicago; Cincinnati, Clevelond; Detreit; 
Greensboro, North Carolina; Houston; Kansas City, Missouri; New York City; Philadelphia; St. Louis. 
Western Sales Representative: Wilson & Geo. Meyer & Company, San Francisco; Los Angeles; Salt Lake City; Seattle. 





ESTABLISHED 1920 


KRIEGR-O-DIP LIQUID HOT OR COLD DIP DYES FOR COLORING FINISHED CAST, EXTRUDED OR MOLDED PARTS. SOLVING INDIVIDUAL COLOR PROBLEMS. 
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DRY COLORING 


BLOW MOLDED PLASTICS © 


NEW TECHNIQUE developed by KRIEGER 
gives excellent dispersion, improves 
cycle with no dust. 


Big brand name packagers and custom blow molders are learning that in most cases they can 
successfully dry color, instead of using expensive master batches or color concentrates—greatly 
reducing color costs and large inventories. One large California packager switched to Krieger 
dry coloring methods and estimated savings of over 75%. Our trained experts will assist your 
research and production personnel in the set-up and follow-through of the Krieger technique for 
dry coloring and on the use of anti-static, wetting and dispersing agents, ultraviolet absorbers, 
and non-dusting additives. 


COLOR MATCHING——ONE DAY SERVICE 


Over 25,000 color effects—standard, 
metallics, fluorescents, phosphores- 
cents, mottled, pearl—all in transpar- 
ent, translucent and opaque for use 
in all thermoplastics. Our coloring 
matching questionnaire insures cus- 
tom formulated colorants—at the low- 
est costs to meet your requirements. 
Let us mail you a sample question- 
naire. 


ALL POLY-SUPRA COLORS LAB TESTED 


a 
— 


Your plant conditions are duplicated 
in our fully equipped lab for exact 
testing of your color before delivery 
to insure uniformity, heat stability, 
light fastness, dispersion and toxicity. 
Poly-Supra colors are guaranteed! 


LOWEST PRICES 


Styrenes and copolymers, high and 
low density polyolefins, polypropyl- 
enes, vinyls, acrylics, acetates and 
butyrates, nylons, acetals, polyesters 
and epoxies—all priced to give you the 
lowest colorant cost per lb. of plastics. 


BLOW MOLDING 


Perfected methods of successful dry 
coloring. Excellent dispersion—no 
dust. Complete color control from 
bottle size to bottle size, machine to 
machine, plant to plant. Let us set up 
maximum and minimum color limits 
—all part of Krieger’s control service 
to insure uniformity of color and for- 
mulation. 


MASTER BATCHES——CUSTOM TAILORED— 
COLOR CONCENTRATES 


At sensible precentages—no streaking 
—proper pellet sizes insuring perfect 
distribution—very attractive prices— 
highest quality. Up to 90% pigment 
from fine particle size to large flake 
for extruded film and special applica- 
tions. 


DRY AND LIQUID CONCENTRATES 


— 
_~ee 


Krieger has developed a brand new 
concept in dispersion. By adding Krie- 
ger Compounds #1 to #10 in your 
mix, you can make your product have 
the ee is of factory colored plas- 
tics .. . V.ILP. Toy, houseware, indus- 
trial, “and packaging pene my vil 
duced for large run molders—all 
you unbelievable low prices. 


ASK FOR OUR COLOR CHIP SERVICE 


F.D.A. APPROVED COLORANTS 


KRIEGER COLOR & CHEMICAL CO., uc. 


6531 


SANTA MONICA BLVD. ° 


HOLLYWOOD 4-7361 


° LOS ANGELES, CALIFORNIA 


A 
oT 


MEMBER °&.P.I. 











DAY-GLO COLOR PUTS 
HARD SELL 


Plastics 






sctic 


ze your product with the compelling sales appeal of Day-Glo 
scence! In seven basic colors 


a register 


users everywhere are discovering the MOVING IMPACT of Day-Glo 
rants. Because they are fluorescent, they are inherently fresh, with 
)r up to four times brighter! Most suitable for molded or extruded poly- 
ene and polyvinyl chloride resins, Day-Glo colorants are a natural for 
molded bottles, tubes, caps, toys, kitchenware and play balls. Their 
eptional purity gives extraordinary stopping power at the point of sale. 


2d trademark 


f 


Switzer 


Br 


ther 


or variations. 


In 


sales office 





DAY-GI 


SWITZER BROTHERS, TN 


4732 St. Clair Avenue Cleveland 


New York, Chicago, Los Angeles 
CANADA: A. R. Monteith, Limited, Toronto 





the creative approach to MODERN CHEMISTRY 


...WILMAR QUALITY 


CHOICE OF INDUSTRY! 


The constant purity of Wilmar products is con- 
trolled by Gas Chromatograph. The unusually 
light color, low odor and stability have been 
obtained by creative and novel means. This high 
quality and integrity of Wilmar products will 
put more value, greater mileage and higher 
profits into your product—at no extra cost! 


PLASTICIZERS—LUBRICANTS 


“Epoxy” Plasticizers Butyl Stearate 
Polymeric Plasticizers Buty! Oleate 
Adipate Plasticizers “Cellosolve”’ Stearate 


Glycol Ester Plasticizers Hexadecyl Stearate 
Propyl & Isopropyl Oleates 
Isopropyl Myristate & Palmitate 


GLYCERYL & GLYCOL ESTERS— 


EMULSIFIERS 
Glyceryl Mono Stearate Diglycol Stearate 
Glyceryl Mono Oleate Glyceryl Tri Oleate 


Ethylene Glycol Stearate 

Polyethylene Glycol Mono & Di Esters 

A complete line of Fatty Acid Esters for food, 
cosmetics & industry. 


DISTILLED FATTY ACIDS 


Stearic Acids Hydrogenated Fatty Acids 
Oleic Acids Vegetable Fatty Acids 
Food, Cosmetic and Technical Grades 


NITROGEN DERIVATIVES—CATIONICS 


The “‘Wilimids”’ are a series of imidazolines and 
fatty nitrogen derivatives having surface active, 
germicidal and cationic activity. 


WILSON-MARTIN 


Div. of WILSON & Company, Inc. 


SNYDER AVE. & SWANSON ST., PHILADELPHIA 48, PA, 















































a series of phthalocyanine blues 
and greens for coloring plastics 
—of exceptional brilliance, tinc- 
torial strength, fastness to light 
and chemical stability. 

Our technical service represen- 
tatives are available to help 
: you with your plastics coloring 
problems. 


Pigment Department 


general dyestuff co. 


A SALES DIVISION OF 
GENERAL ANILINE & FILM CORPORATION 
435 AUDSON STREET, NEW YORK 14, N. Y. 
SALES OFFICES: New York + Providence + Philadel- 
phia + Charlotte, W.C. + Chattanooga + Chicago 
Portiand, Ore. + San Francisco + Los Angeles + IN 
CANADA: Chemical Developments of Canada, Limited, 
Montreal 












































































the WHITEST WHITES 
available for 


PLASTICS 


and 


PAINT 
RESINS 


»PHORWITE K-2002 


DON’T OVERLOOK- 


)LATENTACID ACCELORATOR M 


(Methyl Para Toluene Sulfonate) 


DLATENTACID ACCELORATOR E 


(Ethyl Para Toluene Sulfonate) 
When compounding thermosetting resins such as urea formaldehyde 
o melamine resins. Also useful as harmless compounds 
for methylating and ethylating purposes. 


Portestan and tochn\c a! details sent upon request. 





























































VERONA DVYVESTUSF ES 


SPRINGFIELD ROAD, UNION, NEW JERSEY 


in 


BAYER LEVERKUSEN.- CASSELLA MAINKUR 



























for personalized service 
and for supplying 
these 7 basic needs 


1 COMPOUNDING a complete line 
of VINYL COMPOUNDS — mold- 
ing and extrusion compounds for 
the wire and cable industry, and 
general purpose molding and ex- 
trusion compounds. 

2 VINYL COLOR CONCEN- 
TRATES — a complete inventory 
of all NEMA colors and special 
color concentrates available on a 
custom basis. 

3 POLYETHYLENE COM- 
POUNDS for the housewares and 
toy industries. 

4 POLYETHYLENE COLOR CON- 
CENTRATES for most applica- 
tions. 

5 SPECIAL COLOR COMPOUNDS 
in both Vinyl and Polyethylene 
available on a custom basis. 

6 THERMOPLASTICS with facili- 
ties for sorting, grinding, blending, 
and pelletizing. 

7 GREATER ECONOMY — PER- 
SONAL SERVICE. 

polyethylene compound and color con- 

centrate specialist, is a good man to 

know. He will be pleased to assist you 
on any vinyl or polyethylene problem. 











Why not write for samples, technical 
data, and information today. 


THE BLANE CORPORATION 


s CANTON, MASSACHUSETTS 


° 
os 





Everyone’s trying 


color dispersions! 


Why be satisfied with the same old colors when it’s so 
easy to test Cooke’s technically advanced color disper- 
sions? For rubber and plastic products modern concen- 
trates are now available with high stability and excellent 
light fast qualities. 

Cooke’s colors are always easy to handle and are 
especially designed to produce uniform results on any of 
the following materials: 


e Natural and Synthetic Rubber « Polyethelene 
e Vinyl « Butyl « Styrene « Nylon 


A complete line of standard or custom matched colors 
is available for use with these materials. Predispersion 
imparts high tinctorial strength. Normally 1% produces 
desired color effect and where specified excellent elec- 
trical properties can be supplied. 


Polycure 


A series of cross-linked polyethylene compounds — 
vulcanizable and for applications requiring uniform aging 
with superior electrical properties. 


Custom Compounding 


A specialized Cooke service utilizing modern mixing 
equipment including preforming by calendering and 
extrusion. 

You can have that new product look at 
reasonable prices by sending today for further 
details on The Cooke World of Color. 


Color # Chuwieal, Co 


GArden 5-5935 - Hackettstown, N. J. 


CALL 


ON 


WHITTAKER 


FOR... 


INORGANIC FUNCTIONAL PIGMENTS 
and 


REINFORCING EXTENDERS 


Antimony Oxide Clay 
Alumina Colors 
Barytes Silica 
Calcium Carbonate Stearates 
Ultramarine Blue 


Whittaker, Clark & Daniels, Inc 
100 Church St., New York, N. Y 











EMULSIFIERS 


New POLYMER SERVICE 
DEPARTMENT at Alcolac offers... 








@ Surfactants tailored to your individual 
specifications 





@ Emulsifiers developed to perform special 
functions 





@ Starting formulations 





@ Technical services 





AMERICAN ALCOLAC PRODUCTS: ANIONICS & Fatty Alcohol 
Sulfates HJ Branched Alcohol Sulfates [J Sulfated Ethoxylates 
@ Purified Alkyl Aryl Sulfonates MJ NONIONICS & Fatty 
Alcohol Ethoxylates IJ Custom Made Ethoxylates J CATIONICS 
Special Quaternaries 


AMERICAN ALCOLAC corporation 


3440 Fairfield Rd., Baltimore 26, Md. Elgin 5-2600 


1193 Raritan Road 6 N. Michigan Ave. 2055 Mountain St. 
Clark, New Jersey Chicago 2, Iilinois Montreal, C 
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MALEIC ANHYDRIDE 


Tablets, Rods and Molten 


Highest quality from Allied Chem- 
ical-integrated production. Com- 
prehensive 58-page Technical Man- 
ual on National Maleic Anhydride 
available. Also 12-page booklet on 


SUCCINIC \, 
ANHYDRIDE 


“Small molecule” with big 
value. New low “incentive 
price” warrants investigation 
of National Succinic Anhy- 
dride for resins, plasticizers, 
elastomers, etc. Write for 
Sample and Technical Bul- 
jetin 1-11M. 


~ 


NADIC® METHYL 
ANHYDRIDE 


Preferred liquid curing agent 
for epoxy resins because it is 
easy to handle, makes light- 
colored clear castings, gives 
longer pot life to catalyzed 
resins, has lower volatility, ex- 
cellent thermal stability and 
gives greater latitude in resin 
formulation. Write for Data 
Sheet 61159M. ” 


i 
a 


~CAPROLACTAM 
Molten and Dry Crystals 


Highly reactive monomer with 

many potential uses beyond 

its present volume use in ny- 

lon 6 resins and fibers. Well 

worth creative research work. af 
Comprehensive technical data 
available in Bulletin 1-14M. 


fF 


NADONE® 


Cyclohexanone 


fp One of the most powerful 

t solvents available and one 

ff of the least expensive for 

resin solutions because of 

its high dilution ratio. Also 

a versatile intermediate for 

high-quality, light-colored 

resins. Minimum purity 

99.8%. Complete data in 
Technical Bulletin 1-19M. 


handling Molten Maleic Anhydride. © 


HEADQUARTERS 


FUMARIC ACID 


99.6% pure and free-flowing. 

| Absence of color makes Na- 
tional Fumaric Acid extremely 
desirable for resins and plas- 
ticizers. 


' ADIPIC 
ACID 


99.8% minimum purity. Heat 
Color, APHA Max #85. (2 hrs. @ 
200°C). Excellent for light- 
coiored resins, plasticizers and 
other esters. Ample non-captive 
production available. Write for 


Technical Bulletin 1-12RM. 


wr 


m-PHENYLENEDIAMINE 


Higher purity, lighter col- 
ored, more stable than ever 


ue before! Strength 99.3% min- 


imum; setting point 62.6°C; 

_ color-grey to creamy-white. 
Technical Bulletin I-23 gives 
comprehensive data on use 
in curing agents, ion ex- 
change resins, decolorizing 
resins, formaldehyde con- 
densates, resinous poly- 
amides, block polymers, ure- 
thanes, etc. 


. see 


also available on 


ANHYDRIDE 
Molten and Flake 


Mixed cars and truckloads 
offered with Maleic Anhy- 
dride, Adipic and Fumaric 
Acid and other National 
Resin Chemicals. Get our 
delivered price on your com- 


\ plete resin chemical needs. 


TECHNICAL DATA AND WORKING SAMPLES \. 


Aniline +» Hexahydro Phthalic Anhydride 
Tetrahydro Phthalic Anhydride 


Succinic Acid + Nadic® Anhydride + Maleic Acid 


AND FOR URETHANES 


NACCONATE® Piisocyanates 


Nacconate 65 Nacconate 80 
Nacconate 100 Nacconate 200 
Nacconate 300 


ACTOL Polyethers 


From an all-new plant, based on a unique 


Dodecenylsuccinic Anhydride 


plus a full line of 


NATIONAL PLASTIC AND RESIN COLORANTS 


NATIONAL ANILINE DIVISION 
40 RECTOR STREET, NEW YORK 6, N.Y. 
Atlenta «= Boston «= Charlotte = Chicage = Dalles «= Greensboro 
Los Angeles Philedelphia Portiond, Ore. Providence Son Francince 
In Conoda: ALLIED CHEMICAL CANADA, LTD., 


proce 
of out 
ly nar 
of ur 
Prod, 


engineered for maximum uniformity 
t. Standards are set within extreme- 
” limits as an aid to reproducibility 
ane foam formulations. Write for 
jata, 


For Flexible Foams 
56 Diol Actol 31-56 Triol 
For Rigid Foams 


470 Polyol Actol 61-470 Polyol 
Actol 71-530 Polyol 


llied 


1450 City Councillors St., Montreal 2 100 Worth Queen St., Toronto 18 


Distributors throughout the world. For informetion: 
ALLIED CHEMICAL INTERNATIONAL + 40 Rector St., New York 6, W. Y 


hemical 


Acto! 


Acto| 




















Excellent blackness 
and mass 
tone 
NEO-SPECTRA® MARK Ii 
For really high color 
des & 
fa wt 
scree 
STATEX® B-12 
STATEX B-12A 
For good tinting 
Good economical 
colorent For good performance MOLACCO® 
in a tinting black For greatest economy 
in tinting biacks 
plus BASE DISPERSIONS 
. Whatever your needs or production requirements, OF CARBON BLACK in: 


Columbian offers you a versatile line of top- 
quality Carbon Blacks. For best performance and 
money-saving production efficiency, try Colum- 
bian. And write for the complete details, today. 


COLUMBIAN CARBON COMPANY 


380 Madison Avenue, New York 17, N. Y. 


Branch offices and agents in principal cities 





Polystyrene. ...Costyreneblak® 


Polyethylene...... Copeenblak® 
Chlorinated Paraffin Cowaxblak® 
Vint. oc sisinave ves Covinylbiak® 


and Black dispersed in Polypropylene 


plus a wide range of MAPICO pure 
synthetic iron oxides is available in 
yellows, tans, reds, browns, black . . . 
outstanding because they're high-color 
iron oxide pigments, with unusual purity, 
brightness, mass tone and tint clarity. 
plus Two New “Transparents”— Mapico 
Yellow Low Opacity and Mapico Red 
Low Opacity. 
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Pittsburgh Chemical’s new maleic anhydride plant at Neville Island, Pa. 


PITTSBURGH CHEMICAL COMPANY...specialists in raw 
materials for the chemical and plastics industries 


Pittsburgh Chemical’s basic, integrated position gives 
you complete assurance of uniform, high quality indus- 
trial chemicals .. . delivered to meet your most exacting 
production schedule. 


At Pittsburgh, precise control is exercised from the proc- 
essing of raw materials right on through to the finished 
product. 


Pittsburgh Chemicals broad line of coal and petroleum 
derived industrial chemicals permits ‘‘one source” pur- 
chasing. A single, multiple product order saves time, 


eliminates paperwork. Split carloads of Pittsburgh In- 
dustrial Chemicals result in economical carload prices 
on all chemicals ordered. 


Enjoy the advantages of dealing with a basic producer. 
Order your next chemical or plasticizer shipment from 
Pittsburgh. Complete technical assistance is part of the 
Pittsburgh Chemical Sales-Service Program. 


Some typical applications of Pittsburgh Industrial Chem- 
icals are listed below and on the following pages. Call or 
write Pittsburgh for complete detailed information. 


F INDUSTRIAL CHEMICALS DIVISION 


- PITTSBURGH CHEMICAL CO. 


(C) GRANT BUILDING 


PITTSBURGH 19, PA. 


A Subsidiary of PITTSBURGH COKE & CHEMICAL CO. 


® 
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‘The Facilities, Products and 
Representative Markets of 


PITTSBURGH 
CHEMICAL CO. 


A. SUBSIDIARY OF PITTSBURGH COKE & CHEMICAL COMPANY 


FROM PARENT COMPANY OR OUTSIDE SOURCE 
eum OUR OWN INTEGRATED PRODUCTION 
gums MADE FROM OUR PRODUCTS 











Pittsburgh Industrial Chemicals 


Make Pittsburgh Chemical Company your “one-stop” source for these key industrial chemicals. Order mixed ship- 
ments and cut paper work, reduce shipping costs and maintain “tighter” inventory control. Deal with one coordinated 


sales and service team. 


INTERMEDIATES: 


Phthalic Anhydride—Controlled production from coal to finished product makes Pittsburgh Chemical a dependable source 


of high purity Phthalic Anhydride. 


Shipped as follows: Molten—Tank Cars (100,000 Ibs.) Tank Trucks (40,000 Ibs.) 


Flaked —Bags (80 Ibs.) 


Maleic Anhydride—Pittsburgh Maleic is produced in new, modern, fully integrated facilities to highest quality standards. 
Now available in new, larger briquettes which minimize breakage and provide easier handling. 


Shipped as follows: Molten—Tank Cars (100,000 Ibs.) 
Briquettes (250 Ibs.) Leverpac Drums 


Tank Trucks (40,000 Ibs.) 
Polyethylene lined bags (50 Ibs.) 


Fumaric Acid—Free flowing, high purity Fumaric Acid by a basic producer assures a continuing supply of this important 


intermediate . . . delivered on schedule. 


Shipped as follows: Crystalline Powder—Drums (250 Ibs.) Leverpac Bags (50 Ibs.) 


TAR ACIDS: 
Phenols—-95%, 90-92%, 82-84% 
Shipped as follows: Tank Cars (4-8-10,000 gals.) 


Tank Trucks (4,000 gals.) 
Drums (Approx. 470 Ibs. net) 


Cresols—Ortho (25-28°), Meta Para (3°), Meta Para (12°) 
Shipped as follows: Tank Cars (4-8-10,000 gals.) 
Tank Trucks (4,000 gals.) 
Drums (Approx. 470 Ibs. net) 


Xylenol—Boiling Range 210°-225°C 
Shipped as follows: Tank Cars (4-8-10,000 gals.) 
Tank Trucks (4,000 gals.) 
Drums (Approx. 470 Ibs. net) 


Pittsburgh PX Plasticizers 


TAR BASES: 
Pyridine (2°)— 
Shipped as follows: Tank Cars (32,000 Ibs.) 
Drums (Approx. 450 Ibs. net) 
Alpha Picoline (2°)— Tank Cars (22,000 Ibs.) 
Shipped as follows: Drums (Approx. 450 Ibs. net) 
Refined Mixed Picolines— 
Shipped as follows: Drums (Approx. 450 Ibs. net) 


INORGANIC CHEMICALS: 


Sulphuric Acid (66°Be) and Oleum (20%)— 
Shipped as follows: Tank Cars (50 tons) 
Tank Trucks (18 ton min.) 
Barges (750 tons) 


A complete line of JOB RATED plasticizers covering a broad range of polyvinyl chloride applications including 
film, sheeting, coated fabrics, extrusions, electrical insulation and flooring. 


PX-104 DiButyl Phthalate PX-138 DiOcty!l Phthalate PX-238 DiOctyl Adipate 
PX-108 DilsoOcty! Phthalate PX-314 n-Octyl n-Decyl Phthalate PX-404 DiButyl Sebacote 
PX-114 Decyl Buty! Phthalate PX-914 Butyl Octyl Phthalate PX-438 DiOctyl Sebacate 
PX-118 IsoOctyl Decyl Phthalate PX-208 DilsoOctyl Adipate PX-800 Soy Bean Oil Epoxide 
PX-120 DilsoDecyl Phthalate PX-212 n-Octyl n-Decy! Adipate PX-806 Octyl Epoxy Tallate 
PX-126 DiTridecyl Phthalate PX-220 DilsoDecy! Adipate PX-917 Tri Cresyl Phosphate 


FOR COMPLETE INFORMATION 


Write or call your nearest Pittsburgh Chemical Office. Complete information on application, specifications, 
properties and commercial data will be sent to you, without obligation. 
For Prompt PITTSBURGH Service call or write the Pittsburgh Chemical Co. office near you. 


20th Floor, Grant Building 
Pittsburgh 19, Pa. 


Eastern Regional Headquarters 
Bergen Mall Paramus, New Jersey 


Midwestern Regional Headquarters 
Summit, Illinois 


7750 West 61st Place 





ATlantic 1-8950 


HUbbard 9-0222 


Globe 8-6020 


INDUSTRIAL CHEMICALS DIVISION 


é PITTSBURG 1 
(@) CHEMICAL CC. 


GRANT BUILDING PITTSBURGH 19 “ 


Subsidiary of PITTSBURGH COKE & CHEMICA( ». 

















UVINUL. 


400 490, D-49, M-40, D-50 
Permanently Prevent Deterioration and Discoloration caused by 
Ultraviolet Light 





Versatile Uvinul absorbers and stabilizers have many 
profitable applications to the plastics industry. They 
can be incorporated into solid plastics and protective 
coatings to permanently prevent deterioration and 
discoloration caused by ultraviolet radiation. They are 
also effective as stabilizers for organic liquids and 
aqueous solutions. 


The Uvinul stabilizers offer a full range of 
compatibilities and ultraviolet protection per- 
mitting users to select the product best suited 
for their needs. Write today for more detailed 


ANTARA information. 








fom Research, to Reality 
ANTARA.,. CHEMICALS 


A SALES DIVISION OF 
GENERAL ANILINE & FILM CORPORATION 
435 HUDSON STREET+ NEW YORK 14, NEW YORK 
vad py 4-H noe York + os ee Anse * Charlotte + Chattanooga 


* Portland, Ore. + San Francises Ss Saenee: Chemical Develop- 
ments of Canada, tying 





For “Sticky” Problems 
-a High Potency Answer! 


MOLD-WIZ 


NON-SILICONE MOLD RELEASES 








In emulsion, solution and paste forms 
For all types of resins and processes—including latest developments 
A “must” for Fiberglass and foaming applications 


EFFICIENCY @ EASE @ ECONOMY 


Up to 100 clean shots per application 


No interference with secondary operations 


AXEL PLASTICS RESEARCH LABORATORIES 


a rE) Manufacturing Chemists and Consultants 
¢ Since 1941 
= 3 
(AN 41-14 29th Street 
4 Long Island City 1, N.Y. 
i 


Telephone: RA 9-4646/7 











dry colorants 


FOR THERMOPLASTICS 


Quatity 


DEPENDABILITY 


U Nirormity 
Economy 
Service 


make the difference 
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HARSHAW VINYL STABILIZER 


The New Standard for PLASTISOLS-ORGANOSOLS 


NEW PERFORMANCE - NEW ECONOMY 
HEAT & LIGHT STABILITY « VISCOSITY & SHELF LIFE-« AIR RELEASE 
SULPHUR-STAIN RESISTANCE « UNIVERSAL APPLICATION « FIELD PROVEN 





ue THE HARSHAW CHEMICAL COMPANY 


AND A COPY OF 1945 E. 97th STREET, CLEVELAND 6, OHIO 


“HARSHAW VINYL CHICAGO « CINCINNATI « CLEVELAND « DETROIT « HASTINGS-ON-HUDSON N.Y. 
STABILIZER SERVICE” HOUSTON «+ LOS ANGELES « PHILADELPHIA + PITTSBURGH 

















Dry Colors — Now, with Ferro Dry Colors, you can suc- 
cessfully dry color all types of thermoplastic resins in your 
plant. This enables you to reduce inventory, cut material 
waste, lower your coloring cost. 


Dustless Dry Colors — Ferro’s new line of nondusting 
pigments enables you to color granular thermoplastic resins 
easily and with a minimum of dust contamination. These 
new colorants are truly dustless . . . adhere better to the 
granules and improve color dispersion. Now dry coloring 
is possible with the cleanliness previously available only in 
premium priced pre-colored resins or color concentrates. 


Dry Coloring with Ferro PrePaks — The need for weigh- 
ing and handling colors is eliminated with the PrePak 
system. Available in PrePak weights to suit your production 
requirements, the use of PrePaks contributes to plant clean- 
liness .. and reduces the hazards of color contamination. 
It also adds convenience to your color-mixing operation 
and lessens the chance of error. 


Polyester Color Gelcoats — You have a complete line 
selection of colored gelcoats for reinforced plastics. Ferro 
gelcoats produce smooth, high-gloss colored surfaces that 
will not absorb water . . . resist cracking and abrasion. 
The gelcoat line includes fire-resistant and boat-interior 
coatings. Color chart available. Special colors to your 
specifications. 


Polyester and Epoxy Pastes — Easy stir-in coloring of the 
liquid polyester and epoxy resins is possible with Ferro’s 
color pastes. The concentrates provide the highest pigment 
concentration ground into a 100% liquid epoxy resin or, in 
the case of polyester concentrates, ground into a reactive 


~% 
i PRRn® 


Headquarters for Plastic 


COLORANTS 


A complete Service—Worldwide 


Wherever in the world you are, Ferro is not far away... 
with a complete line of colorants and services that get you 
into production fast. You can depend upon Ferro color- 
matches — for Ferro knows plastics, and its colorants are 
consistently uniform and stable. Write for detailed litera- 
ture! See list below for nearest Ferro Color Service. 


polyester resin. Extreme care has been taken to use only 
pigments with the utmost in stability in these two lines. 
Samples and color charts available. 


Inorganic Pigments — Ideal for use in all plastic resins. 
They are extremely heat resistant and will withstand attack 
by acids, alkalies and weather conditions. Because of these 
and other important properties, they are finding wide ac- 
ceptance in the new high-temperature resins. Color chart 
available. 


Purified Pigments for Fluorine Resins — A new line 
developed especially for fluorine resins, these pigments 
contain an absolute minimum of soluble salts. For this 
reason they have superior electrical properties and are very 
easy to disperse. 


Silicone Color Concentrates — Specifically designed for 
use in silicone rubber. Ferro inor ganic pigments are pre- 
ground into a low-viscosity, silicone, gum-stock carrier, 
substantially reducing the time required for grinding or 
other processing during molding. This also reduces dusting 
and cleanout time saving. The standard line of Ferro 
inorganic pigments is also excellent for use in silicone 
paint compounds. Color samples available. 


For producing “salt and pepper” effects in plastic resins. 
They are available in five colors . . 
speckles, thermoplastic or thermoset. 


. in large or small 


For further information on any of these plastic colors, 
write the Ferro Color Service Center nearest you. 
Cleveland 5, Ohio, 4150 East 56th St. ¢ Los Angeles 22, 
Calif., 5309 S. District Blvd. ¢ Elizabeth, N. J., 107 Trum- 
bull St. © N. Miami Beach 69, Fla., 1020 N. W. 163 Drive. 





persrave: ARFLEX” PLASTICIZERS 


ee FOR VINYL RESINS, SYNTHETIC RUBBERS, 
CELLULOSE ESTERS 


Harchem offers a wide choice of plasticizers, each with 
special merits, all designed to keep your product young. 
Sebacate esters are particularly good on weathering 
and aging. Their outstanding features include low 


Specific 
Gravity 
25°/25°C 
+.003 


Dibenzy! 1.055 21-22 
Sebacate 


Viscosity 
25°C, cps 


Plasticizer 


Dibuty! 7.9 
Sebacate 


Dimethy! 
Sebacate 


. 
3.54 @ 30°C 


Dioctyi 
Sebacate 


Dicapryl 
Phthalate 


Diisodecy! 
Phthalate 


Dioctyl 
Phthalate 


Isooctylidecyl 
Phthalate 


Diocty! 
Adipate 


Buty! 0.857/0.86 
Stearate CP 


Buty! 8685/.869 
Oleate @ 20/20°C 
distilled 
@®Harfiex 300 1.096 1400 
@ 100°F/cs 


@Harflex 320 1,075 
@ 100°F/cs 

@®Harfiex 325 2000 
@ 100°F/cs 


@®Harfiex 330 2270 
@ 100°F/cs 


@Harflex 375 1.016 4500 
@ 100°F/cs 
30°/20°C 


Compatible With 


Polyvinyl Chloride and Copolymers, Polyvinyl Butyral, 
Synthetic Rubbers. 


Viny! Resins, Cellulose Acetobutyrate, Synthetic Rub- 
bers, Rubber Hydrochloride, Polystyrene, Polymethy! 
Methacrylate. 


Vinyl! Resins, Synthetic Rubbers, Cellulose Nitrate, 
Cellulose Acetobutyrate, Acrylic Resins. 


Polyvinyl Chioride and Copolymers, Polyvinyl Butyral, 
Synthetic Rubbers, Cellulose Nitrate, Cellulose Aceto- 
butyrate. 


Polyvinyl Chloride and Copolymers, Polyvinyl Butyral, 
Synthetic Rubbers, Cellulose Nitrate, Cellulose Aceto- 
butyrate. 


Viny! Chloride Polymers and Copolymers, Polyvinyl 
Acetais, Cellulose Nitrate, Cellulose Acetobutyrate, 
Chiorinated Rubbers. 


Viny! Chloride Polymers and Copolymers, Polyvinyl 
Acetais, Natural and Synthetic Rubbers, Cellulose 
Nitrate, Cellulose Acetobutyrate. 


Vinyl! Chioride Polymers and Copolymers, Polyvinyl 
Acetais, Natural and Synthetic Rubbers, Cellulose 
Nitrate, Cellulose Acetobutyrate. 


Polyvinyl Chloride and Copolymers, Polyvinyl! Butyral, 
Natural and Synthetic Rubbers, Cellulose Nitrate, Cel- 
lulose Acetobutyrate. 


Natural and Synthetic Rubbers, Cellulose Esters, Poly- 
styrene, Polyvinyl Butyral: partly compatible with Poly- 
vinyl! Chioride and Nitro Cellulose. 


Most Natural and Synthetic Rubbers, Polystyrene, Cel- 
lulose Nitrate, Ethyl! Cellulose. 


Polyvinyl! Acetate, Cellulose Acetobutyrate, Nitrocellu- 
lose, Ethyicellulose, Polymethy! Methacrylate, Polyvinyl 
Chioride. 


Viny! Chioride Polymers and Copolymers, Synthetic 
Rubber, Polyviny! Acetate, Nitrocellulose. 


Viny! Chloride Polymers and Copolymers, Polyvinyl 
Acetate, Synthetic Rubbers, Nitrocellulose, Cellulose, 
Acetobutyrate, Polymethy! Methacrylate. 


Vinyl! Chloride Polymers and Copolymers, Synthetic 
Rubbers, Nitrocellulose, Cellulose Acetobutyrate. 


Vinyl Chloride Polymers and Copolymers, Nitrocellu- 
lose, Synthetic Rubbers. 


temperature flexibility, low viscosity, low heat loss 
and maintenance of flexibility over wide temperature 
ranges. Consult us if you have a plasticizer problem. 
Our technical staff will gladly assist you in solving it. 


Outstanding 
Characteristics 


Low Temp. Flexibility, 
Low Volatility, Perma- 
nence. Good Electricals 


Low Temp. Flexibility, 
Excellent Aging 
Qualities, Non-toxic 


High Solvency and 
Efficiency, 
Wide Compatibility 


Low Temp. Flexibility, 
Low Volatility, Good 
Electricals 


Highly Compatible, Low 
Volatility, Excellent 
Viscosity and Stability 


Low Volatility, 
Good Electricals 


Highly Compatible, 
Good Flexibility 


Improved Flexibility 
Permanence, Good 
Electricals 


Low Temp. Flexibility 


Lubricity, Abrasion 
Resistance, Low Cost, 
Non-Toxic 


Low Temperature Flexi- 
bility, Primary Piasticizer 
for Chioroprene, low cost 


Non-Migratory, 
Fast Processing 
Low Temp. Flexibility 


Low Viscosity, 
Permanent 


Non-Migratory, 
Permanent 


Non-Migratory, 
Permanence, 
Highly Compatible 


Extreme Permanence 


WALLACE & TIERNAN INC. 





THE KEY TO 


HARCHEM DIVISION 


BETTER PLASTICS 


25 Main Street 


Belleville 9, New Jersey 


IN CANADA: HARCHEM LIMITED, TORONTO 





LUCIDOL® ORGANIC PEROXIDES 
CATALYSTS FOR POLYOLEFINS, POLYVINYLS AND POLYESTERS 
LUCIDOL products are outstanding in quality and uni- compounds. 


formity because of a long term progressive program of Write us if you have a problem concerning peroxides. 
research and development on organic peroxides, and their Our technical staff will be glad to assist you in solving it. 


—_—_—~ 





APPLICATIONS 


PRODUCT srs pe af/é f/f/ 4/3 
&/F/E/LF 








LUCIDOL® Benzoy! Peroxide Fine Dry—96% 
Granular Wet—75% 





LUPERCO®ABB Benzoyl Peroxide with Thick 55 
butyl benzyl phthalate Paste % 





LUPERCO®ATC Benzoyl! Peroxide with Thick 
tricresy! phosphate Paste 50% 





LUPERCO®CDB 2, 4-Dichlorobenzoyl : 
Peroxide with dibutyl! ae 50% 
phthalate aste 





ALPEROX®C Lauroyl Peroxide Soft 
Granular 





DECANOYL PEROXIDE Soft 


Granular 





ACETYL PEROXIDE 25% SOLUTION 


in dimethy! phthalate Liquid 





LUPERCO®JDB-50-T Cyclohexanone Peroxides Thick 
with dibutyl phthalate Paste 





LUPERSOL®DDM Methy! Ethy! Ketone 
Peroxide in dimethyl Liquid 
phthalate 





LUPERSOL® #7 t-Butyl Peracetate 


in benzene Liquid 





LUPERSOL® +8 t-Butyl Peroxyiso- 


butyrate in benzene Liquid 





t-BUTYL PERBENZOATE Liquid 





Di-t-BUTYL PEROXIDE Liquid 





LUPERSOL® #101 2, 5-Dimethyl-2, 5 
Di(t-Butylperoxy) Liquid 
hexane 


LUPERCO® 101-XL 2, 5-Dimethyi-2, 5 


Di(t-Butylperoxy) Powder 
hexane on an inert filler 


LUPERCO® 130-XL 2, 5-Dimethyl-2, 5 
Di(t-Butyiperoxy) Powder 
hexyne-3 on an inert filler 








a 





u C) 2, 5-Dimethyihexane-2, 5 Soft 
UPEROK® #118 Di(peroxybenzoate) Granular 


t-BUTYL HYDROPEROXIDE Liquid 


—— 









































Other LUPERCO®, LUPEROX® and 


LUPERSOL® compounds are available WALLAC E & Ti ERNAN INC. 


in the form of powders, pastes and 


Solutions. Special peroxides are also | 1740 Military Road 
available. Consult our research staff LUCIDOL DIVISION | puftalc 5, New York 


On your peroxide problems. In Canada: Harchem Limit:d, 7 onto 
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PLAS 


Confidence in the efficiency of production is assured with Benzoflex Plasticizers. Why? B 


and performance of B flex, which 





Production time 
is of the 
essence... 


ILERG 


e of the t quality 





you to speed up your production cycle . . . molding and extruding equip- 


ment can be run at lower temperatures. Benzoflex is the proven low temperature fusing plasticizer which will improve 


your products while reducing manufacturing costs. 


An order to Tennessee Products and Chemical Corporation means top quality plus prompt delivery. 


BENZOFLEX*9-88 


Dipropylene Glycol Dibenzoate 
e) 


°o 
<> €-O-CH-CH2-0-CH2-CH-0-C <_) 
' 1 
4 CH; CHs 
) Benzoflex 9-88 is one of the most widely used of those primary plas 
ticizers not based on phthalic anhydride. It is compatible with all 
atypes of polyvinyl chioride homopolymers and copolymers, as well as 
any other resin systems 
enzoflex 9-88 is a high solvating plasticizer, offering significant ad 
Mantages in the processing of highly filled vinyl stocks such as floor 
and extrusions. This rapid solvation can effectively increase 
duction rates, lower processing temperatures—often as much as 
5 Either of these measures is of help in maintaining resin 
stapiity 
in Gafilled compositions the use of Benzoflex 9-88 produces film 
mm sheefior tubing of brilliant clarity and high surface gloss. It has 
™ excell@Mt permanency, with exceptional resistance to hydrocarbon 
Prextraction 


* ~ COMPATIBILITY CHART 


Percent 
Benzoflex 9-88 


Percent 
Benzofiex 2-45 


el 


a+ 


Rug 
{ { 
C C c 


Compatible 1—Incompatible. as evidenced by any cloudiness or 


osliness of cast him 


OTHER MEMBERS OF THE BENZOFLEX SERIES 


Benzofier ® 1.150 CD He CHy (OCH, CH2)2 OC CO) 
plasticizer, has a tendency to crystailve mim most 


property may be 


Trrethylene Glycol Dibenzoate), being a solid 
and blo at higher However, at 


used to advantage a5 an anti t 


H» CHa)n 0.0 > 


been particularly useful with phen 


ystem 
h agent, or in h 


oncentrations 
t melt adhesives 


low levels, th 
0CH»-CH, 
ystems, has 
nating applicatior proved { 
propertie 


Benzotlex(® P 200 O°! 


compatible with most re 


Polyethylene Glycol 200 Dibenzoate), while 
| formaldehyde resin, especially in lam 
sacrifice of electrica! 


lexure and heat distortion characte are attained without 


Benzofler ® P 600 C-0-CHo-CH» (OCH» CH») 0-C CD 
85 8 modifier of phenol lormaidehyde resin and as anti powder 


Polyethylene Glycol 600 Dibenzoate), 1s usetyl 
g agent in synthetic floor waxes 


BENZOFLEX"2-45 
Diethylene Glyco! Dibenzoate 
oO 


° 
4 
> €-O-CH2-CH2® CH2-CHr-0-C > 


Benzoflex 2-45 is quite similar to Beagoflex 9-88, though 
somewhat more efficient if vinyl syStems. Although it 
has a melting point of 28% it has mewer been observed 
to crystallize in compounded formulations, even at sub- 
zero temperatures 3 

Benzoflex 2-45 is recommended for use in adhesives- 
especially those based Om polyvinyl acetate emulsions. 


TENNESSEE 


PRODUCTS & CHEMICAL 


CORPORATION 


NASHVILLE, TENNESSEE 
A SUBSIDIARY OF MERRITT— 
CHAPMAN & SCOTT CORPORATION 


“The Industry Serving All Industry 
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Wihte- hale) (si @-lel-telgel-16-) 
fluorescent brighteners 
elalitey ler Tale 
bacteriostats, fungistats 
antistatic agents _ 
thermal stabilizers | 
viscosity controllers 
polymerization modifiers 


Geigy Industrial Chemicals 
Division of © 

Geigy Chemical Camperation 
Ardsley, New York. 

















PLASTOLEIN| 


PLASTICIZERS] 





One dependable, high-quality source for Polymeric, 
Low-Temperature and Epoxy Plasticizers for Vinyls 





“New Low-Cost Polymeric Plasticizers 


—_—_— 





4 New PoOLYMERICS JOIN POPULAR PLASTOLEIN 9720, 
giving you a single source for the widest range of low-cost 
polymerics in the industry. 

PLASTOLEIN 9720—today’s largest selling polymeric be- 
cause of its ease of processing and low viscosity. 
PLASTOLEIN 9722—-new polymeric, an improved version 
of 9720 in humidity and compatibility, extraction and 
outdoor aging—same low cost. 

PLASTOLEIN 9730—new and now the lowest cost poly- 
meric featuring outdoor stability and good soapy water 
resistance. 

PLASTOLEIN 9750—new general purpose, medium mo- 
lecular weight polymeric at low cost with excellent soapy 
water extraction and outdoor stability. 

PLASTOLEIN 9765—-new medium molecular weight poly- 
meric plasticizer with best all-around performance. Tops 


in humidity aging and extraction resistance. Special de- 
odorized grade available. 





Choose the proper Plastolein Polymeric 
for your use. 





PLASTOLEIN 
9720 | 9722 | 9730 | 9750 


Coated upholstery fabrics 7 * & * 








Unsupported films ° * e * 





Baby wear + * * 2 





Wall coverings 





Vinyl-metal laminates 





Shoe constructions 





Surgical tapes 





Industrial tapes 





Plastisols, organosols 





Coated paper 


-_— 





Pigment grinding 


_—— 





Refrigerator gaskets 





Flooring 





ospital sheeting 


Crash pads 








Vinyl foam 




















Low-Temperature Plasticizers for Best 
Cold Weather Performance 





PLasTOLeIn 9058 DOZ—acknowledged as the best low 
temperature plasticizer available because of its unsur- 
passed low-temperature properties, great versatility, com- 
patibility, low volatility and the excellent hand it imparts. 
Low water extraction, outstanding soapy water extraction 
and excellent heat and light stability. 

PLASTOLEIN 9078 LT—a low temperature plasticizer 
specifically balanced to provide the best possible perform- 
ance at moderate cost. Excellent properties for all but the 
most demanding low temperature applications. Low vola- 
tility, excellent aging and good permanence. 

ALSO AVAILABLE, Plastoleins 9057 DIOZ, 9050 DHZ, 
9055 DGP, 9250 THFO, primary and secondary low- 
temperature plasticizers with good advantages in some 
applications. Full information on request. 





Epoxy Plasticizers for Heat Stability 





PLASTOLEIN 9213—an epoxidized fatty ester with good 
low temperature properties, good heat and light stability. 
PLASTOLEIN 9214—an epoxidized monomeric ester with 
high heat and light stability. More compatible than 9213 
and lower in price. 

PLASTOLEIN 9232—a high quality polymeric epoxy plas- 
ticizer with extremely low extraction and volatility with 
high heat and light stability. 





Complete Technical Information 





For full information, request booklet entitled “Plastolein 
Plasticizers” or Technical Bulletin No. 424A, “Plastolein 
Polymeric Plasticizers.” 
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Survey of film and sheeting 
Acrylics 


















ACET AL SHEETS & SHAPES 








Cadill.c Plastie & Chemical ....... S47 
Colonial Kelonite Company ....... 546 
Southern Plasties Co. ......0csc00, 537 
Transi] wrap C@y .« dvs. < eis cesvens 536 
Westlake -.svseessseveeceters vesee BO 
ACETATE FILM & SHEETING 
Auburn Plastic Engineering .....- 532 
Cadillac Plastie & Chemical ....... 547 
Chicago Molded Products Corp. 546C 
S Colonial Kolonite Cor ny ...... . 46 
Commercial Plastics & pply Corp. 538 






Davis, Joseph, Plastic: npany .. 527 
Nixon-Baldwin Chemicals Inc. ... 551 
Scranton Plastic Laminating Corp. 546D 
Transilwrap Co. ..csecseseccsusvs 536 


Terr ee ee eee ee eee eS | 


ACRYLIC SHEETING & TUBING 
(SHAPES OR PROFILES) 

Anchor Plastics Company, inc. ... 
Auburn Plastie Engineering 
Cadillac Plastic & Chemical ....... 
Commercial Plastics & Supply Corp. 538 
Scranton Plastic Laminating Corp, 546D 
Seiberling Rubber Company ...... 545 
Transilwrap Co. 
Westlake «ois sestecscsar os 02 t0t 


ADHESIVES 































Auburn Plastic Engineering ..... 532 
Cadillac Plastic & Chemical ....... 547 





CELLULOSE ACETATE BUTYRATE 
SHEETING & TUBING 











Anchor Plasties Company, Inc. ... 549 
Auburn Plastic Engineering ..... 532 
Busada Manufacturing Corp. ...... 549 
Cadillac Plastie & Chemical ....... 5A7 
Colonial Kolonite Company ....... 546 
Davis, Joseph, Plastics Company . 527 
Eastman Kodak Company ...-..+: 539 
Flex-O-Glasg Inc. .......00sse0s5 549 





Nixon-Baldwin Chemicals Inc. ... 551 
Scranton Plastic Laminating Corp. 46D 
Southern Plasties Co. ....:..++-++ 537 
Transilwrap Coy . . css: ese seaees 536 
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CELLULOSE NITRATE SHEETING 
Nixon-Baldwin Chemicals Inc. .. 551 


CHROME PLATING 


















US. Metal Coatings Company .... 548 
ETHYL CELLULOSE SHEETING 
Anchor Plastics Company, Inc. ... 549 
FLUOR (CARBONS, SHEETS, TUBES 
Allied ‘ 1emical Corp. General 

Cher | Div.: seein ss 546A, v3 
Carm« lustries Ime, . 2... 25200 
Coloni. <olonite Company ....... as 
Polym: orporation, The ....-..- 44 
Weetla. coc. eee 540 
LAMIN TES 
Coloni lonite Company ....... 546 
Comm i Plastics & Supply Corp. 538 
Dynam Vobel, AG, .i.++2se0008 541 





EC ow SRTISE 





Se ee Wevises, SOO 
Rubber Corp. of America ......... Hdl 
METALLIC TRIMS 
(ROD, TUBE, SHEET) 

Anchor Plastics Company, Inmc.... 549 
Giiman Brothers Company, The .. 533 
Silvatrim Mouldings, 


549 
Auburn Plastic Engineering ..... 532 
Cadillac Plastic & Chemical ....... 547 


Commercial Plastics & Supply Corp. 538 
Polymer Corporation, The ......-. 544 
Scranton Plastic Laminating Corp. 546D 
Transilwrap Cos ‘iss isscsacwens> > 536 
Westlake ..... sibs: 540 
PERFORATING & SLITTING 

Perforating Industries, Inc ........ 548 


PHENOLIC SHEET, ROD AND TUBE 


Auburn Plastic Engineering ...... 532 
Colonial Kolonite 546 
Commercial Piastics & Supply Corp. 538 
Marblette Corporation, The ...... 535 


a 


See eee Hee eee eee eee ee 


Cadillac Plastic & Chemical ....... 547 
Polymer Corporation, The ........ 544 
Scranton Plastic Laminating Cexp. oa 
Transilwrap Co. ........6.6:00+%: 
POLYETHYLENE FILM, 

SHEETING, TUBING 

Anchor Plastics Company, Inc 549 
Auburn Plastic Engineering ..... 532 
Cadillac Plastic & Chemical ...;... 547 





Film, 


and 


Shapes 


aveee 


Cadillac Plastic & Chemical ....... 547 
RESINS & MOLDING COMPOUNDS 
Marblette Corporation, The ...... 535 


wenn e ee eeee 


Colonial Kolonite Company .....-.. 546 
Commercial Plastics & Supply Corp. 538 
Mais csevacvar? 
Gilman Erothers Company, The .. 533 
Nixon-Baldwin Chemicals Inc. ... 551 


Rubber Corp. of America .... 541, 553 
Scranton Plastic Laminating Corp. 46D 


Southern Plasties Co. ......+-+++++ 537 
Thermoplastic Processes, Inc. .... 546B 
Transilwrap Co. .......-++++-+++- 536 
United States Rubber, 

Royalite Plastic Products ....... 542 
Westlake ero rere rere eer eee sss) 540 
TEFLON FILM, SHEETING, TUBING 
Auburn Plastic Engineering ...... 532 
Cadillac Plastic & Chemical ..... . 


eeereee 


Polymer Corporation, The ........ 544 
Transilwrap Co. ......ceedvceeees 536 
VINYL FILM, SHEETING, TUBING 
Anchor Plastics Cempany, Inc. ... 549 
Auburn Plastic Engineering ...... 532 
Cadillac Plastic & Chemical ....... 547 
Commercial Plastics & Supply Corp. 538 
Dynamit—Nobel, A. G. ........+. 541 
Flex-O-Glass Inc. ......-.-s++++« 549 
Laminations, Inc. .......-+<++++++: 550 
Mayon Plastics ....... +s pe0cseess 534 
Nixon-Baldwin Chemicals Inc. ... 551 - 
Rubber Corp. of America ..... 541, 553 
Scranton Plastic Laminating Corp. 546D 
Seiberling Rubber Company ..... , 
Southern Plasties Co. .....+..+.++- 537 


Sheetings 


Survey of film and sheeting 


| n the past twelve months, plas- 
tics film and sheeting have moved 
into industrial and packaging 
markets at an unprecedented 
pace—and the end still isn’t in 
sight. Today, virtually all ther- 
moplastics materials are being 
used in varying amounts in the 


ACRYLIC 


films (under 10 mils thick) and 
the sheeting (over 10 mils thick) 
industry—and the number of new 
entries into the field (see p. 531) 
bears witness to the fantastic po- 
tentials involved. As a guide to 
the many materials commercially 
available to fulfill specific needs, 


the following reports have been 
prepared on the major films and 
sheetings in use today. For more 
specific detzils on physical prop- 
erties, consult the Films Chart 
and the Plastics Properties Chart 
which appear in the Technical 
Data Charts section (see p. 17). 





There are two types of acrylic 
sheet available: extruded and 
cast. Extruded sheet is produced 
from acrylic solid polymers by a 
melt process through suitable 
dies. Cast sheet is produced from 
acrylic liquid monomers by poly- 
merization in suitable molds. 

The significant differences be- 
tween cast and extruded acrylic 
sheet are in strength and resist- 
ance to heat: cast is higher. 
Differences in optical properties 
are slight. Chemical, dielectric, 
and weathering properties appear 
to be the same. 

Cast sheet is usually recom- 
mended where the application 
requires the maximum in surface 
finish, clarity, toughness, and heat 


CELLULOSICS 


resistance. Extruded has been 
manufactured in recent years with 
much higher quality finish than 
was formerly the case, and is now 
acceptable for a wider range of 
quality-finish applications. 

In general, fabricating methods 
and procedures are the same for 
both cast and extruded materials, 
except for the following: Form- 
ing temperatures for cast sheet 
run about 35 to 60° higher than 
for extruded. Recommended oven 
temperatures for extruded are 
260 to 305° F. and for cast, 290 
to 340° F. It is not safe to heat 
extruded above 325° F., or cast 
above 360° F. 

At forming temperatures, ex- 
truded sheets are softer than cast 


material and require a greater 
number of clamps for optimum 
support. They also have a greater 
tendency to stick together if they 
are touched or folded. 

Cementing of extruded mate- 
rials usually requires a less active 
or milder cement than for cast 
acrylics. The soak method of ce- 
menting may not be used with 
extruded materials. Dip and cap- 
illary methods are recommended 
as being more suitable. 

Airplane canopies and windows, 
outdoor signs, and displays are 
representative uses of acrylics. 
Acrylics offer optimum clarity 
and good light transmission. They 
are strong, rigid, and resistant to 
sharp blows. 





Cellulose acetate film 


Methods of manufacture: A) 
Casting: In this operation, cellu- 
lose acetate flake, plasticizers, and 
other modifiers are dissolved in a 
suitable solvent; this solution is 
then deposited as a wet film on a 
large moving wheel or belt and 
dried under carefully controlled 
conditions. B) Extrusion. 

General properties: 
clarity; wrinkle resistance; 
grease-proofness; water resist- 
ance; dimensional stability; high 


Crystal 


Credits: Editorial contributions to this sec- 
tion were made by Cadillac Plastic and Chem- 
ical Co. (Acrylics); Celanese Corp. of Amer- 
ica (Cellulose Acetate); Eastman Chemical 
Products, Inc. (Butyrate); Eastman Kodak 
Co. (Triacetate); The Dow Chemical Co., 
(Methyl Cellulose and Polyvinylidene Chloride 
Copolymer); Allied Chemical Co. (Nylon): 
Naugatuck Chemical Div., U. S. Rubber (ABS 
Polymer and Modified Styrene); Union Car- 
bide Plastics, Div. of Union Carbide Corp. 
(Polyviny! Chloride and Polyvinyl Chloride 
Acetate Copolymers); and Mono-Sol Corp. 
(Polyvinyl Alcohol). Contributions also by 
Minnesota Mining and Mig. Co.; E. I. du 
Pont de Nemours & Co., Inc.; and Goodyear 
Tire & Rubber Co. (Polyesters). 
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gas permeability; good electrical 
insulation properties; resistance 
to fogging; and medium water 
vapor transmission. 

Processing: Readily formed by 
heat; easily fabricated; readily 
solvent-sealed; metallizable; 
heat-sealable; and easily printed 
by rotogravure, flexographic, and 
silk screen printing. 

Applications: Prepackaging 
produce; packaged bakery prod- 
ucts; overwraps; window car- 
tons; window envelopes; lami- 
nates; electrical insulation; rigid 
containers; printed signs and 
displays; book covers; sound re- 
cording tape; glazing materials; 
lamp shades; pressure-sensitive 
tape; gold-stamping foil; protec- 
tive folders and covers; metallized 
ribbons; sun shades and curtains; 
and vacuum formed parts. 

Colors available and methods of 


finishing: Extruded material is 
available in crystal and in trans- 
parent, translucent, and opaque 
colors. Cast material is available 
in crystal and in surface-colored 
transparents. Cellulose acetate 
film can be printed, embossed, and 
gold-leaf stamped. 


Cellulose acetate sheet 


Methods of manufacture: Ex- 
truded. Hot pressing of sheets is 
used to improve optical quality or 
to achieve special effects. Lami- 
nates, combining two or more 
colors, are available. 

General properties: Same as for 
acetate film, above. 

Processing: Readily formed by 
heat; readily  solvent-sealed; 
easily metallized; can be _ hot- 
formed, blown, drawn, and sol- 
vent-stretched; heat-sealable: 
easily printed; and can be cut 
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blanked, stamped, stitched, 
drilled, punched, embossed, lami- 
nated, and cemented. 
Applications: Machine guards; 
laminates; electrical insulation; 
rigid containers; printed signs 
and displays; welders’ shields and 
safety lenses; glazing materials; 
truck curtains; protective folders 
and covers; metallized sequins; 
gun shades and curtains; vacuum 
formed parts; book covers; eye- 
glass frames; and handbags. 
Colors available and methods 
of finishing: Available in crystal, 
in pearls, and in transparent, 
translucent, and opaque colors. 
Can be finished by embossing, 
printing, and gold-leaf stamping. 


Cellulose triacetate film 


Methods of manufacture: Cast 
from clear solutions onto slowly 
moving drum-like wheels with 
highly polished surfaces. 

General properties: A rigid- 
type film with high tensile 
strength, high heat resistance, low 
shrinkage, excellent clarity, gage 
uniformity, dimensional stability, 
and high dielectric strength. 

Processing: Easily sealed to 
paper, board, or metallic foils; 
readily accepts inks for all meth- 
ods of printing. Has good surface 
“slip” for high-speed fabricating 
equipment. 

Applications: Window boxes 
and envelopes; magnetic record- 
ing tape; reverse printed window 
streamers; foil-laminated pack- 
aging; transformer windings; 
book jackets; and various types of 
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novelty and decorative ribbons for 
packaging. 

Colors and finish: Crystal clear 
gloss finish, (Dyes commercially 
available for tinting.) 


Cellulose triacetate sheet 


Methods of manufacture: Cast. 
Same as cellulose triacetate film. 
General properties: A_ clear 
transparent sheet, with high 
physical and chemical stability. 
Though rigid, it has excellent 
folding endurance. Unaffected by 
grease or water. High spectral 
transmission with minimum dis- 
coloration on exposure to sun- 
light. Brilliant surface finish. 
Processing: Provides deep draws 
by heated punch and dies, but 
softening temperature is too high 
for vacuum forming. Can be 
high-frequency sealed. Special 
types available for  solvent- 
sealing. Readily printed by all 
methods, including silk screening. 
Ideal for container manufacture 
with automatic box-making 
equipment. Easily slit or die-cut. 
Applications: Transparent con- 
tainers; folders and shop ticket 
protectors; wallet inserts; safety 
goggles; slot cell insulation; index 
tabs; filing equipment; greeting 
cards; counter displays; lamp- 
shades; microfilm holders; visual 
aid transparencies; map and chart 
overlays; records; menu covers. 


Butyrate film 


Methods of manufacture: Cast. 
Same as cellulose triacetate film. 
General properties: Softer than 


most cellulose ester films; low 
moisture absorption; tough, with 
stretch up to 45% elongation; re- 
sistant to water, detergents, and 
dry cleaning solvents. 

Processing: Excellent for lami- 
nating to metallic foils; can be 
slit to very narrow widths; runs 
easily in looms and high-speed 
wire winding equipment. 

Applications: Metallic 
and ribbons; wire insulation. 

Colors available: Clear trans- 
parent. 


yarns 


Butyrate sheet 


Method of manufacture: Ex- 
trusion. 

General properties: Low mois- 
ture absorption; forms easily 
without blushing; superior re- 
sistance to outdoor weathering; 
gage and surface less uniform 
than cast sheets; high impact 
strength and shock resistance. 

Processing: Excellent for all 
types of vacuum forming. Seals 
either with solvents or electroni- 
cally. Readily printed either di- 
rect or in reverse. Suitable for 
vacuum metallizing, embossing, or 
hot-stamping. 

Applications: Skin and blister 
packaging; advertising displays; 
outdoor signs; explosion-vent 
windows; industrial face shields; 
safety goggles; and dials. 

Colors available and methods 
of finishing: Clear transparent 
and translucent white; as-ex- 
truded, polished, and matte sur- 
faces. Other colors available on 
special order. 





End-users have expressed much 
interest in TFCE film and sheeting 
(Minnesota Mining and Mfg. Co., 
St. Paul, Minn.). The film is 


tough, nonwetting, nonporous, 
clear, colorless, and transparent. 
It may be sterilized by heat or 
radiation. The moisture absorp- 
tion is zero and moisture vapor 
transmission is extremely low. 
Permeability to most gases is 
also very low. The useful tem- 
perature range of the film is —320 
to +350° F. The film is non- 
carbonizing and nonflammable. It 
is extremely inert to chemical 
ittack and will not contaminate 
r be affected by acids, alkalies, 
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greases, oils, and most organic 
solvents. The dielectric strength 
over a wide frequency, tempera- 
ture, and humidity range is high, 
and the loss factor is low. Films 
made from the copolymers suffer 
no appreciable loss in physical 
properties when irradiated at 
dosages as high as 20 megarads. 

The film is easily sealed by 
thermal impulse or high-fre- 
quency methods without adhesion 
aids. It can be vacuum or drape 
formed. It can be printed upon 
with special inks or marked by 
hot-stamping. It can be surface- 
treated and bonded to substrates 
with conventional adhesives. 


TFCE film and sheet are used 
in tank and pipe lining. The film 
is used in packaging operations 
where the service is unusually 
critical, corrosive, or moisture- 
sensitive. Packages are sterilized 
by steam or irradiation. Printed 
circuitry and connective cable as- 
semblies fabricated from film are 
used by the electronics industry. 
Film is also used in gasketing and 
diaphragm applications where 
service conditions are severe. 

Also newly available are FEP- 
fluorocarbon films (E. I. du Pont 
de Nemours & Co., Inc.). These 
have many of the outstanding 
properties associated with TFE- 














fluorocarbon resins (Teflon) —out- 
standing heat and chemical re- 
sistance plus excellent electrical 
characteristics. Because it is a 
true thermoplastic material, it can 
be fabricated in conventional ways 
—heat-sealed, heat-formed, met- 
allized, and, in many cases, bonded 
to other materials without adhe- 
sives. It is essentially free of pin- 
holes in gages from % to 40 mils; 
it is inert to virtually all known 
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chemicals and solvents at temper- 
atures up to 200° C. (alkali metals 
and certain complex halogenated 
compounds at elevated tempera- 
tures can affect the film). It is 
transparent in thin gages. Resist- 
ance to degradation is exceptional 
and its outdoor life appears to 
be virtually unlimited. As a 
mold liner, its release properties 
will help speed manufacture of 
sticky products. Other applica- 





tions where the properties of FEP 
film will help improve perform- 
ance include: gasketing, bearing 
surfaces, conveyor belts, lamina- 
tions, and a wide variety of elec- 
trical applications (eg, coil- 
wound devices, capacitors, etc.). 

Newly available is a fluorohalo- 
carbon film (Aclar, Allied Chem- 
ical) with transparency, virtually 
zero moisture absorption, and 
good impact strength (see p. 531). 





Although relatively new to the 
field, polyester films have al- 
ready had a significant impact on 
many applications—both packag- 
ing and industrial. Basically, there 
are four types of polyester films 
available today—Du Pont’s Mylar; 
Goodyear’s Videne; Minnesota 
Mining & Mfg.’s_ Scotchpak; 
and Terafilm, produced by Acme 
Backing Corp., from resin supplied 
by Eastman Chemical Products, 
Inc. All four materials are dis- 
cussed in that order below. 


Mylar 

This polyester film is prepared 
from the polymer formed by the 
condensation reaction between 
ethylene glycol and terephthalic 
acid. The film is oriented so that 
the properties are uniform in all 
directions of the sheet. Most of the 
properties of this film are depend- 
ent upon this orientation. Since no 
plasticizers are used, the film does 
not become brittle nor does it lose 
desirable properties with age. It 
is produced in continuous lengths 
and is available in roll or cut 
form, in gages from half-mil to 
seven and a half mils, and in 
widths from % to 55 inches. 

It is a tough, clear film (about 
1/3 the strength of machine steel), 
with good elongation and impact 
resistance. Its tensile strength of 
17,000 to 21,000 p.s.i. is twice that 
of cellophane and five times that 
of polyethylene. Elongation is 70 
to 130 percent. Extraordinary fold- 
ing endurance is a characteristic 
over the full range of temperature 
and humidities (20,000 flexes in 
1-mil film at 0° F.). It has very 
low moisture absorption (under 
test, it absorbs less than 0.5% of 
water even when immersed at 25° 
C. for one week), is dimensionally 







stable under extremes of tempera- 
ture and humidity, with good re- 
tention of its physical properties. 
It has a low moisture vapor trans- 
mission rate, its permeability to 
gases is very low, and it does not 
embrittle at temperatures as low 
as —60° C. The film has a high 
melting point (250 to 255° C.) and 
is slow burning. It can be run on 
packaging machines and heat- 
sealed with the use of benzyl 
alcohol. It also has excellent re- 
sistance to acids, greases, oils, and 
organic solvents. Strong alkalies 
will affect the film, especially 
when hot. The polyester film has 
well-balanced electrical proper- 
ties, as measured by its good di- 
electric strength, high insulation 
resistance, and low dissipation 
factor. 

Packaging applications: It is 
used in fabricating pouches and 
other package forms for hardware 
and similar heavy and irregularly 
shaped merchandise. Because of 
its toughness, dimensional stability, 
and durability, it is used widely 
for windows in boxes and bags. 
The film’s capacity to withstand 
wide temperature ranges (—60 to 
150° C.) has contributed to the 
development of the “boil-in-the- 
bag” concept. It can be used as a 
vacuum packaging material, espe- 
cially when a polymer coating re- 
inforces the basic property of low 
gas permeability. In skin-packag- 
ing applications, its durability plus 
its ability to hold a vacuum has 
resulted in long-lasting packages 
that can be formed quickly by 
machine. 

Industrial applications: The 
film’s dielectric strength (4000 v. 
per mil for 1 mil film per A.S.T.M. 
D149-44) plus its other good elec- 
trical properties have opened mar- 





kets for the film in the design of 
motors, capacitors, transformers, 
and other electric and electronic 
components (where it can contrib- 
ute to performance, cost savings, 
and the growing trend toward 
miniaturization). 

Pressure-sensitive tape, binder 
tapes for wire and cable, decora- 
tive trim, stationary supplies, and 
drafting films are other applica- 
tions that use the film’s strength, 
clarity, and moisture resistance. 
The film can also be used in the 
construction of economical and 
long-wearing conveyor belts. A 
new weatherable polyester (Mylar 
W-2) is adaptable to glazing 
greenhouses and poultry houses, 
for storm windows, and general 
farm glazing. 


Videne 


This linear co-polyester film is a 
thermoplastic, unoriented, amor- 
phous, non-crystallizable type. It 
has been developed for use as a 
laminating film and has the fol- 
lowing properties: Exceptional 
abrasion resistance; excellent 
stain and chemical resistance; re- 
sistance to crazing, cracking, and 
discoloration from the effects of 
weather and age; a service: tem- 
perature from —40 to 200° F.; em- 
bossing properties; can be vacuum 
formed; positive and permanent 
adhesion to most substrates can be 
obtained by heat and pressure 
without the use of adhesives; good 
gloss control; excellent dimen- 
sional stability; and stretch lami- 
nating properties. 

This film is now being produced 
from 0.0015 to 0.0075 in. thick up 
to 54 in. wide. It is supplied in a 
clear type with excellent optical 
properties for high gloss finishes: 
in a burnish resistant, satin type 
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ith outstanding contact clarity 
r matte or semi-matte finishes, 
nd in opaque colors. The clear 
and satin types can be reverse- 
printed on conventional equip- 
ment with wood grains and other 
designs. 


Processing 

Videne film can’ be laminated 
with both rotary and press equip- 
ment at temperatures varying 
from 250 to 325° F., depending 
upon the substrate. Rotary equip- 
ment is faster and more eco- 
nomical; press laminating is best 
suited for small production runs, 
laminating of more than two sepa- 
rate plies at one time, or where 
special jobs require the use of 
decorative inserts. 

Stretch laminating to papers 
and foils is possible where gages 
thinner than the minimum of 
0.0015 in. are suitable. Wallpaper 
surfaces and packaging applica- 
tions, for example, could utilize 
0.0005 in. material. 


Applications 


Plywood and wood composition 
board: The clear or satin polyester 
film can be laminated to good 
quality wood veneer-faced sur- 
faces. Its non-yellowing, stain, and 
abrasion resistant properties pro- 
vide a durable surface. The film 
can also be reverse printed with 
wood grains, etc., on conventional 
printing equipment to provide 
both a decorative and protective 
surface for inexpensive plywood, 
particle board, hard board, etc. 

Metal and foil laminations: The 
colored opaque film can be lami- 
nated to metals for wall and parti- 
tion paneling. The clear and satin 
films, reverse printed with wood 
grains, marbles, or other patterns, 
are being laminated to metals for 
use in TV and radio cabinets, 
furniture, office partitions, wall 
paneling in pre-fab buildings, etc. 
Foil laminates can be used in the 
appliance, automotive, aircraft, 
nameplate, and packaging fields. 

Plastics: This film is an excellent 
surface for rigid PVC. Decorative 
laminates of this type are being 
used in aircraft and buses, as well 
as surfaces on furniture. In addi- 
tion, the film furnishes polysty- 
rene with a very desirable and 
wear resistant surface. Polysty- 
rene is one of the few materials 
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that is not compatible with this 
film, and thus needs an adhesive. 

Paper and textile laminations: 
There are a variety of uses for this 
film in the paper and textile in- 
dustries. Many of these applica- 
tions, especially with paper, in- 
volve the use of thin gages in the 
range of 0.0003 to 0.0001 inches. 
They can be applied economically 
and at high rates of speed by 
stretch laminating. Printed paper 
protected with the film provides a 
low cost method for manufac- 
turers to predecorate gypsum 
board, paper board, etc. Pure Food 
and Drug approval also permits 
the paper laminates to be used for 
packaging applications. 


Scotchpak 
This film is not plasticized, will 
not dry out, and will keep indefi- 
nitely. It can be boiled or frozen, 
and resists alcohol and other 
strong solvents. 

It is, according to the producer, 
the only transparent film posses- 
sing all these characteristics: high 
tensile strength, flexibility at ex- 
treme temperatures, extended 
shelf life, and a wide heat-sealable 
temperature range. There pres- 
ently are two types of heat-seal- 
able films of this nature—type 
“A” which includes those films 
heat-sealable on only one side; 
and type “B” which includes films 
heat-sealable on both sides. 

This film remains dimensionally 
stable and flexible from —70 to 
240° F.; it has tensile strength 
ranging up to 10,000 psi. and 
burst strength from 32 to 50 p.s.i. 
With low water vapor permeabil- 
ity and gas penetration, it is pro- 
duced in standard thicknesses 
ranging from 2 mils to 4.5 mils in 
the type “A”—heat-sealable on 
one side—films. Type “B” films— 
heat-sealable on both sides—are 
2.5 mils thick. 

As a group, Scotchpak films pos- 
sess a water-vapor-transmission 
rate ranging from 1 gram per 100 
sq. in./24 hr. for the 1-mil film to 
0.2 grams for the 4.5 mil film at 
100° F. and 90% RH; the metal- 
lized film has a vapor-transmis- 
sion rate of less than 0.02 grams. 


Applications 


Current applications range from 
sealing of caulking compound in 
squeeze tubes to packaging of 












boil-in-a-bag foods, from cover- 
ing of swimming pools to fabrica- 
tion of factory buildings. 

Food packaging: The boil-in-a- 
bag application is one of the most 
popular uses. The film allows pre- 
cooked frozen foods to be heated 
in 10 to 12 minutes. One available 
grade of the film will withstand 
—70 to 240° F. temperatures; two 
mils thick, this grade can maintain 
its seal strength in boiling water 
and can be heat sealed at 300 to 
400° F. with only 20 to 60 p.s.i. in 
0.2 to 2.0 seconds. Foods that are 
packaged in Scotchpak include 
sauces, butter, oils, syrup, and 
liquid shortening. Flavor, fresh- 
ness, and quality of all these 
items are protected by the film. 

Medical and pharmaceutical: 
The film is considered an excellent 
package for medical sutures and 
for radiation sterilization. Barrier 
strength, controlled rigidity, 
chemical inertness, and t>anspar- 
ency are among its properties. 

Chemicals: This chemically-in- 
ert film is considered ideal for 
tackling such difficult packaging 
jobs as the containing of iodine 
and paint color pigments. It is 
being used in a variety of ways in 
the chemical field and is especially 
popular as a handy container for 
hair creams and hand lotions. 

Paper lamination: The film’s 
high adhesion makes it suitable 
for applications involving paper 
lamination. This includes protec- 
tive lamination of identification 
cards, maps, pictures, blueprints, 
documents, and other items. Skin 
packaging, a relatively recent de- 
velopment, affords full visibility to 
print, tamper-proof packages, and 
protection from moisture. The film 
can be written on with wax or 
marking pencils. 

Printing: Converters and fabri- 
cators can now supply this film in 
printed form. Both lettering and 
designs can be applied to bags, 
sheets, and film rolls in seconds. In 
some instances, printing can be 
done with standard office dupli- 
cating equipment. 

Military packaging: The resist- 
ance of Scotchpak to preserva- 
tives, oil and grease, and corrosion 
inhibitors contributes to its use in 
the military packaging field. 

Other applications of the film 
are in the toy, hardware, and con- 
struction fields. It can also be used 
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to safely contain metal hardware 
parts packaged either dry or in 
protective oil. 


Terafilm 


Availability of a new polyester 
sheeting was recently announced 
by Acme Backing Corp., Stamford, 
Conn., manufacturers of the sheet- 
ing, and Eastman Chemical Prod- 
ucts, Inc., suppliers of the poly- 
ester resin. 

The film is a strong, durable, 
and highly transparent film with 
properties that make it ideal for 
many electrical and packaging 
uses. These properties include: 
high heat-distortion temperature, 
low moisture absorption, excellent 
hydrolytic and chemical resist- 
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ance, and superior electric prop- 
erties. 

Typical properties include ten- 
sile strength of 18,000 to 19,000 
p.s.i.; elongation of 55 to 70%; 
tearing strength, 6 to 7 g. (Elmen- 
dorf test); water absorption, 0.25 
to 0.30%, 24 hr. (ASTM D 570); 
and excellent resistance to strong 
acids, strong alkalies, grease and 
oils, and organic solvents. Resist- 
ance to heat is measured at 170° 
C. (2% heat distortion temp. at 50 
p.s.i. initial stress) and resistance 


to cold at —50° C. (the lowest . 


temperature tensile strength run 
to date). 

In capacitors, the constancy of 
dielectric constant and dissipation 
factor with frequency and tem- 





perature, favor the use of the film 
for critical applications. As insu- 
lation in electric motors, the film 
shows much potential. 

Decorative fibers made by slit- 
ting metallized Terafilm can be 
used in fabrics which must be 
subjected to caustic bleach. Be- 
cause the material is stable toward 
hydrolysis, the fiber retains its 
luster and strength. The material 
also has a high heat distortion 
temperature which could be a 
decided advantage in metallizing. 

The boilable qualities of the film 
should also prove useful in food 
packaging applications, particu- 
larly of the boil-in-the-bag va- 
riety. The film can be heat-sealed, 
using an impulse sealer. 





Polyethylene for packaging! 

The value of polyethylene film 
in packaging is derived from its 
combination of superior strength, 
flexibility, excellent moisture- 
barrier properties, chemical resist- 
ance, soft texture, visibility, and 
printability. Then, of course, there 
is its economy. Through a combi- 
nation of high yield plus low cost 
per pound, polyethylene is firmly 
established as the lowest cost 
transparent flexible film. 

Bags and pouches: Polyethylene 
film has found major use in pack- 
aging as a material for bags and 
pouches. The leading end-use area 
at present is fresh produce pack- 
aging. Other end-use areas—and 
these are continually growing—in- 
clude the packaging of textile 
products, rack and counter mer- 
chandise, candy, dry grocery 
products, and perishable foods. 

One of the markets to open up 
most recently for polyethylene 
film is frozen food. The film has 
proved an ideal package for in- 
dividually frozen fruits and vege- 
tables. The recent introduction of 
films which combine high impact 
strength with excellent gloss and 
clarity should expand the use of 
polyethylene in this fast-growing 
industry. 

Overwraps: Most important 
key to polyethylene’s future end- 
use pattern lies in automatic 
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overwrapping — and significant 
progress was made by polyethyl- 
ene in overwrapping during 1960. 
Commercial machines now avail- 
able for wrapping with polyethyl- 
ene film have greatly minimized 
handling and sealing problems. 

The new wrappers have met 
with a particularly enthusiastic 
reception in the paper-products 
industry. In addition, polyethylene 
wrappers have experienced not- 
able success in the baking indus- 
try, formerly a relatively small 
user of polyethylene film, and in 
textiles, third largest polyethylene 
film market. 

Other uses: Polyethylene film, 
because of its flexibility, barrier 
properties, and economy, is es- 
pecially valuable as a material for 
liners for boxes of pears and ap- 
ples, for cartons containing bever- 
ages, and for drum and shipping 
cases. 

Another important use for poly- 
ethylene film is in laminations. Its 
excellent heat sealability plus its 
strength, flexibility, barrier prop- 
erties, and low cost make it a de- 
sirable material for combination 
with paper, foil, cellophane and 
other plastic films. 


Basic advantages 


Polyethylene boasts one of the 
highest yields per pound among 
transparent films. This, plus its 
low cost per pound, gives it im- 
portant economic advantages. 


The excellent mechanical prop- 
erties of polyethylene film give 
the material its unusual tough- 
ness. The film has high resistance 
to rips and tears, even where heat 
sealed. 

Polyethylene has  unexcelled 
shelf life—a big plus for manu- 
facturers of paper products. It 
gives top product protection after 
long storage periods. It does not 
dry out, embrittle, split, or lose its 
strength. Polyethylene also stays 
soft and flexible at sub-zero tem- 
peratures, the main reason for its 
acceptance in frozen foods. 

Among the most important end- 
use advantages of polyethylene 
film are its moisture- and gas- 
transmission properties—a factor 
which is especially beneficial in 
fresh-produce packaging. The 
high gas permeability rate of 
polyethylene film, of course, pre- 
cludes its use in some other pack- 
aging applications. Gas barrier 
properties improve, however, as 
the resin density is increased. 

Polyethylene film does not ab- 
sorb water even in high humid- 
ities. It will not shrink or expand. 

Polyethylene film is noted for 
its chemical inertness and is used 
extensively for lining chemical 
shipping containers. Only a few 
chemicals such as strong oxidizing 
agents will affect it. Also import- 
ant is the odorless and tasteless 
nature of polyethylene. The prop- 
erties help make the film ideal fo 
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the packaging of foods and drugs. 
While adequate in most cases, 
the grease and oil resistance of 
polyethylene film is not as high as 
that of several other flexible pack- 
aging materials. Here, too, how- 
ever, the higher density films 
represent significant barrier im- 
provements. 


Polyethylene in construction? 


As a basic material extruded 
without special attention to clar- 
ity, slip, block, gloss, or other 
characteristics which have be- 
come so much a part of packaging 
industry requirements, polyethyl- 
ene film fits the needs of con- 
struction—a smaller, but signifi- 
cant, market. 

Extruded as above, polyethyl- 
ene film is cloudy, tough, and pos- 
sesses excellent barrier proper- 
ties. In addition, it is lightweight, 
rugged, easy to handle and install. 
Because these properties are 
ideally suited to many construc- 
tion applications, the material has 
had little difficulty adapting itself 
to the industry. 

Polyethylene film used in con- 
struction can be separated into 
two general categories: “incorpo- 
rated” and “utility.” The first des- 
ignates applications in which the 
film becomes an integral part of 
the structure or slab. The latter 
describes services the film per- 
forms during construction (it does 
not, however, become a part of 
the finished product). 

In “incorporated” uses, poly- 
ethylene film is used primarily as 
a moisture vapor barrier and 
waterproofing membrane for con- 
crete in basements (both walls 
and floors), in crawl spaces, and 
in slab-on-grade construction. 
Film used under concrete serves 
a dual purpose. It not only pre- 
vents the absorption of ground 
moisture by the concrete, but also 
prevents the seepage loss of water 


from the raw concrete mixture, 
producing a tougher, stronger 
slab. Generally, a 4-mil thickness 
of natural polyethylene is used in 
these applications. Because of its 


tear resistance, polyethylene film 
can be easily punctured and fitted 


closely around electrical outlets 
and plumbing which are laid prior 
to pouring concrete. The film can 
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then be securely sealed around 
the pipe or the conduit with pres- 
sure-sensitive tape. 

There are a number of above- 
grade vapor barrier applications 
for polyethylene, particularly in 
home construction. These include 
applying the film (the thickness 
used in this application is gen- 
erally 2-mil) to the “warm” side 
of floors, ceilings, and side walls, 
and as flashing around windows 
before the installation of other 
enclosing materials, such as wall- 
board and flooring. 

“Utility” uses, where polyeth- 
ylene film does not become a part 
of the finished structure, have 
given it a spectacular role in the 
construction industry. The sight 
of multi-story construction proj- 
ects totally enclosed in polyethyl- 
ene seldom fails to attract atten- 
tion. Such use of film for 
construction enclosures has prac- 
tically eliminated the term 
“building season,” since it permits 
work throughout winter months 
and with minimum slowdown. The 
film acts to keep out rain, wind, 
and sun; it also serves as an in- 
sulating medium that moderates 
temperatures on the construction 
site. 

Several home contractors are 
known to be experimenting with 
“air houses” made from polyeth- 
ylene film. These are air-sup- 
ported structures similar to those 
made from vinyl and coated ma- 
terials. These bubble-like struc- 
tures are spread over a building 
site and inflated with air. They 
can be used for thawing out a 
building site, for storage of build- 
ing materials, or for enclosing an 
entire house while construction is 
in progress. 

Another application which util- 
izes polyethylene’s moisture bar- 
rier properties is as an overlay 
blanket for curing concrete. The 
function of an overlay is to allow 
slower (and thereby tougher) 
setting-up of the concrete. Poly- 
ethylene replaces paper, burlap, 
and straw in this application, elim- 
inates the need for wetting down 
burlap and straw, is easier to han- 
dle, and has more re-use poten- 
tial than paper. 

Other utility uses for polyethyl- 
ene include temporary coverings 
for all types of construction mate- 
rials and equipment. One con- 









tractor, faced with the prospect of 
earth slides in a large excavation, 
covered the sides of the project 
with large sheets of polyethylene, 
keeping them dry and preventing 
them from slipping. 


Polyethylene in agriculture® 


Expansion of agricultural uses 
to sizable volume in 1960 bore out 
the predictions that within a few 
years the farm and garden mar- 
ket will provide a major outlet 
for polyethylene. 

Mulch film: Mulching with plas- 
tic polyethylene film, usually 
14%4-mil thick, demonstrated out- 
standing effectiveness with crops 
such as strawberries, tomatoes, 
cantaloupes, water and other mel- 
ons, cucumbers, egg plant, lettuce, 
green peppers, beans, and similar 
crops. 

Trials with fruit trees, sweet 
corn, herbs, and tobacco showed 
great promise. Large growers of 
roses, chrysanthemums, and or- 
namentals reported highly suc- 
cessful results. Mulching with 
plastic film, in general, offers 
these benefits: no weeding neces- 
sary because the black pigment 
in the film shuts out the sun’s 
rays, thereby inhibiting weed 
growth. Elimination of hoeing 
and cultivating protects the root 
structure from damage by farm 
implements. Retention of mois- 
ture under the plastic film as- 
sures steady growth even in dry 
seasons. While the soil tempera- 
tures under the plastic are not 
appreciably higher than non- 
mulched areas, there is a bene- 
ficial increase in the surface tem- 
perature of the plastic and the air 
immediately above which stimul- 
lates growth. A big factor is ear- 
lier maturity of crops, frequently 
a matter of a few weeks earlier, 
which commands higher prices for 
yields that generally are larger 
and healthier. 

Silage covers: Black polyethyl- 
ene sheeting in heavier gages, 
such as 6-mil and 10-mil, is 
widely used for covering silage— 
usually grasses and corn—in 
trench, stack, and bunker tempo- 
rary silos. The silage is stored 
within these plastic enclosures 
over a period of months for even- 
tual feeding to animals after 





*Based on data submitted by Gering Plastics, 
Kenilworth, N.J. 
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grazing has ended or as a sup- 
plementary feed stock. 

Greenhouse glazing: Clear 
polyethylene in 4- and 6-mil 
thicknesses provides a_ highly 
acceptable greenhouse covering. 
Toughness, durability, and excel- 
lent light transmission character- 
istics coupled with low cost— 
about 2¢/sq. ft.—more than jus- 
tify its use for single season serv- 
ice. Work is progressing to in- 
crease longevity of the sheeting 
still further, thus making it all 
the more attractive for this use. 

Parallel uses, involving the hot 
house effect, include hot bed and 
row covers, usually employing 2- 
mil thicknesses at a cost of less 
than 1¢/sq. foot. 

Soil fumigation: Three-mil clear 
or black polyethylene has been 
used for years by tobacco grow- 
ers for the fumigation of seed 
beds with methyl bromide gas. 
The material is supplied in pre- 
cut blankets which take advan- 
tage of the wide widths and long 
lengths obtainable. 

Specialty products: Use of clear 
polyethylene sheeting—usually 4- 
mils thick—for poultry house 
glazing was further recently 
extended to include heavy 10-mil 
gage sheeting for pens sheltering 
livestock (e.g., range-born lambs), 
hog parlors, and similar struc- 
tures. Other developments include 
use of the sheeting as a water 
vapor barrier under concrete 
slabs to eliminate dampness, 
thereby safeguarding health of 
animals. Air-inflated buildings 
can be used for chicken coops, 
greenhouses, storage, etc. 

A number of sizable ponds were 
built in the lower California re- 
gion, using polyethylene sheeting 
as liners to prevent loss of water 
through seepage. The sheeting 
was similarly employed for lining 
irrigation ditches. Along with 
this, a new improved type of poly- 
ethylene-based tubing was intro- 
duced in a wide range of lay-flat 
widths for low-pressure irrigation 
and for the heating and ventila- 
tion of farm buildings. 


Polypropylene film‘ 

Though still a relatively new 
material in the market place, 
polypropylene film (under 10 


*Based on data supplied by AviSun Corp., 
Philadelphia, Pa 
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mils) has already demonstrated 
excellent machinability and a 
wide range of excellent end-use 
properties. Polypropylene sheet 
(over 10 mils) shows consider- 
able promise, especially for ther- 
moformed packaging applications 
and for various industrial non- 
packaging applications. 

To date, greatest interest in 
film has been shown for packag- 
ing and electrical insulation ap- 
plications. Food packaging appli- 
cations, in particular, have 
grown rapidly, especially since 
the qualification of polypropyl- 
ene, under Food and Drug Ad- 
ministration regulations, for use 
in packaging of foods. 

Types of film: Cast film, which 
is extruded at high temperatures 
and drawn quickly over chilled 
rolls, has superior clarity and less 
haze than blown film. These ad- 
vantages, however, are achieved 
only with some sacrifice of bar- 
rier properties of the material. 

On the other hand, blown 
film, which is extruded and dis- 
tended with air in the form of an 
envelope (and later collapsed as 
flat tubing), has superior barrier 
properties and stiffness. Never- 
theless, it has inferior clarity and 
impact strength, 

Oriented film (that is, film 
stretched several hundred per- 
cent in one or both axes while 
still hot, and allowed to congeal 
in the stretched state) is still in 
the development stage. Orienta- 
tion, as does casting (but to a 
lesser degree), alters favorably 
the crystalline configuration of 
polypropylene and, hence, some 
of its properties. Improvements 
occur primarily in strength, stiff- 
ness, clarity, and barrier prop- 
erties. 

Properties: Of course, molecu- 
lar configuration or structure is 
also altered—as desired—during 
polymerization, or production of 
the resin, the final configuration 
being dependent upon the catalyst 
and processing conditions used. 
Thus it is possible to tailor the 
polymer to provide film posses- 
sing the optimum combination of 
properties. 

However, as in the case of al- 
teration by casting of film, rarely 
can any one or more properties 
be enhanced during polymeriza- 
tion without some sacrifice of 


one or more of the others. For 
example, barrier properties and 
stiffness can be increased, but 
only at the expense of impact 
strength and clarity. 

Generally speaking, though, in 
film form polypropylene offers 
the following advantages: 

Yield or area coverage is 
greater than that of any of its 
competitors (averaging 31,100 
sq.in./1 mil/lb.), due to lowest 
specific gravity (0.89 to 0.90). 

Clarity is extremely good, ex- 
ceeding that of any of the other 
polyolefins. 

Gloss is exceptional. 

Tensile strength is high (from 
5000 to 7000 p.s.i.), and is two 
to three times that of low-den- 
sity polyethylene (which runs 
from 2500 to 2800 p.s.i.). 

High-temperature resistance is 
excellent, ranging (depending on 
stress and length of the heat 
cycle) up to 280° F. and en- 
abling the film to survive boil- 
ing and/or autoclaving. 

Moisture transmission rate is 
low, varying (at 95° F. and 90% 
RH) from 0.7 to 0.9 gm./1 mil/ 
24 hr./100 sq. inches. 

Abrasion resistance is better 
than that of all of the polyethyl- 
enes. 

Stress-cracking is virtually nil. 

Flex-life is almost infinite 
(over 300,000 flexures having 
been made without apparent de- 
terioration). 

Sensitivity to atmospheric var- 
iations is virtually nil, since poly- 
propylene films have no plasti- 
cizers. 

Stiffness is good and lies be- 
tween that of cellophane and 
low-density polyethylene. 

Shelf-life is excellent. 

Chemical and electrical proper- 
ties: Only such higher-priced 
thermoplastics as the polyamides 
and the polyaldehydes surpass 
polypropylene in chemical prop- 
erties, and then only in a few 
areas. Polypropylene is not as 
resistant as these materials are 
to the chlorinated hydrocarbons, 
the aliphatics, and the aromatics 
at room temperature and above. 
Nor is it as resistant (at room 
temperatures) to such oxidizing 
acids as concentrated nitric and 
sulfuric. 

However, it is equally as resist- 
ant as the polyamides and the 
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olyaldehydes to many other acids 

including hydrochloric acid— 
and to alkalies, even at elevated 
emperatures. It is also equally as 
esistant to gasoline, motor oils, 
grease, edible oils, non-oily foods, 
detergents, heusehold chemicals, 
and cosmetics. Furthermore, it is 
completely impervious to plating, 
pickling, and salt solutions. 

For all practical purposes, poly- 
propylene is non-polar. As a re- 
sult of this and other factors, 
polypropylene film offers: 1) high 
resistivity; 2) low dielectric con- 
stant; 3) low dissipation factor; 
and 4) good arc resistance. 

Machinability: Automatic pack- 
aging with polypropylene film can 
be done on conventional thermo- 
plastic-handling machines with 
but slight or no modification. Ex- 
perience with overwrap and bag- 
ging machines in particular has 
been highly satisfactory. Excellent 
results have been obtained with 
side-weld, center-seam, and gus- 
seted bags. Both gluing and heat- 
sealing provide strong seals. Spe- 
cial adhesives can be used for a 
strong, clean, transparent bond. 

Both thermal impulse and con- 
ventional radiation types of heat- 
sealing can be used. Heat-seal 
range varies from 350 to 425° F., 
depending upon the type of pack- 
age, type of mechanism, gage of 
the film, dwell time, pressure, etc. 
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Cutting the film, because of 
polypropylene’s toughness, has 
proved troublesome at times. If, 
however, knives are maintained 
properly—that is, accumulation 
of dirt is prevented and nicks are 
remedied—no difficulty occurs. 

Static, as with all plastic films, 
must be adequately controlled. 
Generally, this can be done quite 
satisfactorily with standard static 
eliminators. 

Printing and decorating: Poly- 
propylene film also lends itself 
readily to standard printing and 
decorating techniques, especially 
flexographic, rotogravure, and 
silk-screening. However, as with 
polyethylene, surfaces must be 
electrically or flame-treated prior 
to printing to achieve good ad- 
hesion, conventional methods be- 
ing highly satisfactory. Moreover, 
special inks must be used. 

Packaging applications: In the 
flexible packaging field, producers 
expect polypropylene film to be- 
come a major competitor. In the 
baked-goods market alone, the 
potential is large. Certainly, poly- 
propylene’s superior yield, ten- 
sile strength, abrasion resistance, 
shelf-life, high-temperature re- 
resistance, and consumer appeal 
(sparkle, gloss, and feel) make it 
a serious competitor to the other 
materials. 

Other areas in which poly- 


propylene film undoubtedly will 
compete seriously with films pres- 
ently being used are confection- 
eries, textiles, paper products, 
processed meats, dairy products, 
cereals, dried fruits and vege- 
tables, boil-in-the-pouch applica- 
tions, tobacco, snack items, and 
other sundries. 

Still another promising area is 
lamination of the film to other 
materials. The resulting laminate 
should provide a superior packag- 
ing material. 

Electrical applications: Polypro- 
pylene, at this stage of its devel- 
opment, is barely scratching the 
surface of the electrical industry. 
However, the field holds much 
potential. 

Briefly, polypropylene has about 
the same general electrical prop- 
erties and characteristics as poly- 
ethylene, with the added advan- 
tages of greater oil resistance and 
a much higher melting point. 
These advantages can be sum- 
marized as follows: 1) high melt- 
ing point; 2) low power factor; 
3) high heat resistance; 4) excel- 
lent moisture sensitivity; and 5) 
excellent oil resistance. 

Development work is currently 
going on in the use of polypropy- 
lene film in such applications as: 
1) cable tape; 2) other types of 
insulation; 3) capacitors; and 4) 
phase separators. 





Modified styrene sheet 


Methods of manufacture: Cal- 
endering or extrusion. 

General properties: A family of 
materials covering a range of fair- 
to-good impacts, with hardness and 
tensile generally decreasing with 
increasing impact. They are char- 
acterized by good processing and 
excellent forming properties. 

Processing: Can be formed by 
any of the conventional vacuum 
forming techniques, and can be 
machined on standard machinery; 
parts can be easily joined by ce- 
menting. 

Applications: Refrigerator and 
freezer liners, machine housings, 
cases and boxes, toys, decorative 
panels, display units, etc. 

Colors available and methods 
of finishing: Available in a broad 
color range, mostly opaque but 
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some translucency in the lower 
impact range. Can be embossed, 
printed, and gold-stamped. 


ABS polymer sheet 


Methods of manufacture: Cal- 
endering or extrusion. 

General properties: A family of 
materials covering a range of im- 
pacts from fair to excellent. In gen- 
eral, hardness and tensile decrease 
with increasing impact. High heat 
distortion, good chemical resist- 
ance, good flexural strength, and 
improved weather resistance. 

Processing: Easily formed by 
standard vacuum forming tech- 
niques; particularly suited for 
deep-drawn parts; can be ma- 
chined, punched, or sewn. Parts can 
be easily joined by cementing, if 
desired. 

Applications: Automotive parts, 





tote boxes, machine housings, lug- 
gage cases, household appliance 
parts, decorative panels, display 
items, toys, chemical resistant 
ducting, ete. 

Colors available: Wide range of 
opaque colors. Can be embossed, 
printed, and gold-stamped. 


Oriented polystyrene film 
and sheet 


Methods of manufacture: Ex- 
truded sheet is stretched in two 
directions under carefully con- 
trolled temperature conditions. 
This stretching orients the mole- 
cules in the directions of stretch, 
greatly increasing the strength 
and flexibility of the material. 

General properties: Clear, trans- 
parent material available in sheets 
and rolls from one to twenty mils 
thick. Good tensile strength; fair 





















































burst and tear strength. Remains 
flexible at 40° F. below zero and 
is unaffected by temperatures up 
to 180° F. Dimensionally stable 
under wide range of temperatures 
and humidities. 

Excellent resistance to weak 
acids and weak alkalies. Good re- 
sistance to strong alkalies and 
vegetable oils. Generally soluble 
in aromatic or chlorinated hydro- 
carbons. Film has intermediate 
water vapor permeability and high 
gas permeability. 

Processing: Oriented polysty- 
rene film and sheet is commer- 
cially printed, laminated, slit, 
sheeted, die cut, folded, and pres- 
sure or vacuum formed. Film is 
heat sealable on automatic ma- 
chines. Sheet can be sealed by a 
combination of heat and mechani- 
cal means, on semi-automatic ma- 
chines. It is also possible to seal 
sheet by solvent, emulsion, and 
latex type adhesives. 

Packaging applications: Present 
packaging applications fall into 
three areas: 1) packaging film; 
2) thermoformed containers; and 
3) folded packages. 

Packaging grade film is used 
extensively for package windows, 
as for sliced bacon. Exceptional di- 
mensional stability, moisture and 
grease resistance, high clarity, and 
low cost make this film a natural 
window material. Oriented poly- 
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styrene film is used commercially 
for produce prepackaging. The 
relatively high oxygen and carbon 
dioxide transmission rates and the 
relatively low moisture _trans- 
mission rate, combined with the 
film’s moisture resistance, make 
it an excellent produce prepack- 
aging film. In addition, there are 
many other products that can be 
successfully packaged in oriented 
polystyrene film. 

Oriented polystyrene sheet is 
thermoformed into various pack- 
age shapes. Transparent lids and 
domes are used in combination 
with paper and aluminum to pack- 
age a variety of products. Blister 
packages, unit portion packages, 
trays, and formed containers with 
heat-seal lids are some of the 
packaging applications of thermo- 
forming grade sheet. 

Oriented polystyrene sheet can 
be automatically folded to form 
clear plastic trays. These trays are 
used to package products requir- 
ing maximum product visibility. 
Because of its high rigidity, rela- 
tively thin gages of this sheet ma- 
terial may be used for this appli- 
cation. 

Non-packaging applications: 
Because of its transparency and 
dimensional stability, oriented 
polystyrene is used for a special 
photographic film base, for printed 
and formed signs and displays, and 


as a lamination to impact styrene. 
It is also used for printed place 
mats, light shielding, and metal- 
lizing. 


Styrene foam film 

New on the horizon is an ex- 
truded low-density polystyrene 
foam available as sheet, film, lay- 
flat tubing, or laminated to paper 
or other substrates. 

Among the material’s advan- 
tages are the following: its satin 
finish, its cushioning characteris- 
tics, its chemical inertness, and its 
thermal insulating characteristics. 
A film 10 mils thick will produce a 
temperature differential of 60° F.; 
it has a K factor of 0.24. The sheet 
and film can be formed by vacuum 
or pressure (although matched 
metal dies are recommended); 
the material softens and is formable 
at about 220 to 230° F. Sandwich 
heating is recommended. The foam 
can be glued, laminated, heat 
sealed, slit, die cut, sheeted, and 
has been successfully run on some 
types of bag making machines, as 
well as equipment for making spi- 
ral wound containers. Its potential 
applications include: bags, cups, 
food containers, pipe coverings, 
corrugated boxes, gift wraps, fold- 
ing cartons, trays, platforms, box 
inserts, displays, bath mats, and 
protective liners, as well as party 
favors. 


. 





Of the vinyl film and sheeting 
sold commercially today, nearly all 
is produced by calendering, cast- 
ing, or extrusion. 

In this connection, the term 
“vinyl,” as it is used in this ar- 
ticle encompasses both polymers 
as well as copolymers, including 
polyvinyl chloride (PVC) and 
polyvinyl chloride-polyviryl ace- 
tate copolymers (PVCAc). 

As for surface finishes, plasti- 
cized vinyl film and sheeting are 
supplied in a matte or glossy finish 
which is imparted by the calender 
roll or by subsequent finishing 
rolls. Taffeta, linen, or other deco- 
rative finishes can also be obtained 
with special embossing rolls. By 
press lamination it is possible to 
supply matte or highly polished 
rigid film and sheeting up to %-in. 
thick. Both plasticized and rigid 


vinyl film and sheeting are readily 
embossed during calendering or in 
subsequent operations. 


Plasticized calendered vinyl 


General properties: Plasticized 
calendered vinyl film and sheeting 
are characterized by moderate ten- 
sile strength, high elongation, good 
tear strength, low water absorp- 
tion, and moderately good chemi- 
cal resistance. Special formulations 
can maximize one or two of these 
properties for specific applications. 

Processing: Plasticized vinyl 
films can be sewn, heat-sealed, or 
electronically sealed; special films 
can be coated with pressure-sen- 
sitive adhesives. Sheeting can also 
be heat-sealed or electronically 
sealed, and specially formulated to 
use pressure-sensitive adhesives. 
They also form easily and accu- 


rately with conventional thermo- 
forming techniques. 

Applications: Film — raincoats; 
inflatable toys; window shades; 
draperies; table covers; shower 
curtains; wall covering; closet ac- 
cessories; air mattresses; baby 
pants. Sheeting—swimming pool 
liners; tank liners; upholstery; 
women’s handbags; luggage; auto 
seat covers; convertible rear win- 
dows; and inflatables. Laminates 
—construction and ball park tar- 
paulins; pool covers; etc. 

Colors available: Plasticized 
vinyl films and sheetings have 4 
wide range of colors—transparent, 
translucent, or opaque. 


Rigid calendered vinyl 


Following are the general char- 
acteristics of the rigid unplasticized 
materials (including those that 
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ntain from 87 to 97% resin, as 
well as straight PVC resins). 

General properties: Rigid vinyl 
film and sheeting have good di- 
mensional stability, high tensile 
strength, low water absorption, 
good-to-excellent chemical resis- 
tance, and flame-resistance. Special 
sheeting formulations alsc impart 
excellent light stability. Straight 
PVC film has additionally higher 
resistance to chemicals and heat 
distortion. 

Processing: The rigids can be 
cut, machined, and punched into 
intricate articles such as drafting 
instruments; they can be vacuum 
formed into signs, relief maps, 
lighting panels; they can be sealed 
to another rigid vinyl or to other 
plastics with solvents or cements; 
and they can be overlaminated. 

Applications: Overlaminating 
printed credit cards; place mats; 
wall coverings; and decorative 
laminates. Forming materials for 
signs, displays, toys, and lighting 
panels (formed or corrugated). 
Rigid sheeting for shower doors; 
recording disks; industrial safety 
windows; lampshades; drafting in- 
struments; credit card and playing 
card core stock; and lining for in- 
dustrial tanks. Straight PVC rigid 
film as tape bases, in packaging, 
and in electrical insulation appli- 
cations requiring chemical resist- 
ance. 

Available colors: The range of 
translucent and opaque colors 
available for the rigid vinyls is 
virtually unlimited. Degrees of 
transparency, however, become 
limited with increasing thickness. 


Cast vinyl film 


Cast vinyl film, rigid and non- 
rigid, has the following special 
characteristics to offer. 

General properties: Cast vinyl 
film is designed for applications 
requiring high-gloss, clarity, 
chemical inertness, and resistance 
to moisture vapor and common 
gases. It is extremely tough, hav- 
ing excellent tensile and tear 
strength, and high elongation. 

Processing: Heat-sealing—im- 


portant in the manufacture of fur- 
niture covers, bags, ete.—is the 
most common fabricating process 
used cast vinyls. Cast film is 
also lily vacuum formed. 

A) tions: Laminated con- 
structions (e.g., military barriers 
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...used for sparkling blisters 








that SELL national products! 








Davis extruded acetate sheets, rolls and film come in all gauges, transparent, 
translucent, or opaque, cut and slit to size—a packaging material particu- 
larly suited for blister packs and vacuum forming 






We have been supplying the packaging industry with plastic materials for 
over 40 years, and welcome the opportunity to help packagers with their 
problems. Send for a brochure on our facilities, and the wide range of plastics 
we produce, together with their properties and applications. 










' Joseph Davis 


, PLASTICS COMPANY 
430 Schuyler Avenue, Kearny, N. J. 
, Phone: WYman 1-0980 New York: BArclay 7-6421 
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reprints 


to work 


Reprints of articles, 


features and news items 


that appear in 


Modern Plastics are often 


surprisingly inexpensive 


when ordered in quantity. 


Many companies make 


it a practice to have stories 


which have a bearing on 


their business reprinted for 


distribution to their 


personnel, customers, 


prospects, stockholders 


or to other interested 


groups. 


Whenever you see editorial 


matter of this type in 


Modern Plastics magazine 


or the Encyclopedia Issue 


which you can use in 


reprint form, in quantities 


of 200 copies or more, 


write and quotations will 


be furnished promptly. 


INDUSTRIAL 
MAGAZINE 
SERVICE 


in 


{ffiliate of Breskin Publications 
770 Lexington Avenue 


New York 21, N. Y. 





and cheese wrap); an overlay film 
on unit food packages; furniture 
cover material; and “skin pack- 
aging” for irregularly shaped items 
such as hardware parts. 

Available colors: Practically all 
cast vinyl film, rigid and nonrigid, 
is clear. Work is presently being 
done to perfect the use of colorants 
in the casting process. 


Extruded vinyl 


Extrusion of vinyl chloride and 
vinyl chloride-acetate resins into 
film and sheeting is a compara- 
tively new field; in fact, much of it 
is still in the experimental stages. 
The resin compounds used to ex- 
trude vinyl film and sheeting have 
basically the same composition as 
those used for calendering. 

Plasticized vinyl film made by 
this process is outstanding in its 
resistance to aging and sunlight. 
It has good moisture-vapor trans- 
mission, tensile strength, tear 
strength, heat-sealability, clarity, 
and printability, and can be readily 
laminated to other materials. 

The major market for extruded 
vinyl film is, of course, packaging. 
The material has been particularly 
successful in the packaging of such 
products as paper goods, textiles, 
hardware, and foods. 

When extruded rigid vinyl 
sheeting becomes commercially 
available, it should find use in 
packaging, laminates, lighting com- 
ponents, etc. 


Copolymer film 


Methods of manufacture: Poly- 
vinylidene chloride copolymer res- 
ins are mixed with the necessary 
plasticizers and stabilizers, ex- 
truded, supercooled, and oriented 
into a thin film. 

General properties: The film has 
excellent chemical resistance, will 
not support combustion, absorbs 
practically no water, and has very 
low water and gas permeability. 

Processing: The film is heat- 
shrinkable and the lighter gages 
may be heat-sealed. High-fre- 
quency electronic-sealing methods 
produce the best seals. The film 
may be laminated with adhesives 
to other materials, can be printed, 
and can be fabricated into tubing 
casings and bags. 

Applications: The film finds ex- 
tensive use in applications re- 
quiring low water and gas trans- 


mission rates; for example, in 
packaging candies, processed and 
frozen meats, cheeses, baked 
goods, nuts, and cookie dough. Be- 
cause of excellent chemical re- 
sistance the film is often used as 
a cap lining. 

Colors available: Polyvinylidene 
chloride copolymer film covers a 
range of clear transparent, trans- 
lucent, and opaque colors. 


Polyviny! alcohol film 


Methods of manufacture: Band 
casting. The plastic base material, 
with its modifiers, is dissolved in 
water. Other chemicals are added. 
This solution is controlled for vis- 
cosity and temperature and then 
deposited as a wet film on a large 
moving belt and dried. 

Types: There are two types of 
PVA film: standard, and cold 
water soluble. The standard type 
is made from the higher-molecu- 
lar-weight type resins and is gen- 
erally plasticized with glycerine. 
The cold water soluble (CWS) 
type film is made from internally 
plasticized resins or low-molecu- 
lar-weight resins. 

General properties: PVA film is 
impervious to oils, fats, and waxes 
and has a zero transmission rate 
for oxygen, hydrogen, helium, and 
nitrogen. The water permeability 
is necessarily rapid, since the film 
is made in water. PVA film has 
tensile strength which averages 
about 10,000 p.s.i. before stretching 
but has shown tensile strengths 
of more than 50,000 p.s.i. after 
stretching to 5 times the original 
length. Depending upon the plasti- 
cizer content and humidity, the 
elongation of unstretched PVA film 
may vary from less than 10% to 
over 600 percent. PVA films have 
excellent sunlight stability and 
have stood up in a Fadeometer for 
over 1000 hours. The refractive in- 
dex ranges from 1.49 to 1.53. The 
aging qualities are excellent. 

Processing: PVA film readily 
heat-seals and may be laminated. 

Applications: The standard film 
is used as a release agent in the 
molding of polyester resins and 
vacuum bag molding. The cold- 
water soluble film is used as a 
packaging film and barrier coating. 

Finishes: Can be made with a 
satin finish on one side of the PVA 
film and a glossy finish on the 
other side. 
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ty ince it is probable that there 
never will be an all-purpose plas- 
tic film, it is natural that much 
attention has been given to lami- 
nated combinations of films, often 
with non-plastics materials, all 
tailored to achieve specific end 
results with the composite mate- 
rial. And plastic film laminations 
are synergistic; they often pro- 
vide a range of properties not 
present in individual components. 

With about 30 plastics and 
non-plastics films available, the 
number of possible combinations 
staggers the imagination. One 
company alone has produced over 
1200 different laminations since 
the late 1930’s. And every new 
film introduced makes hundreds 
of additional combinations theo- 
retically possible. 

Table I, p. 530, summarizes the 
properties of a number of stock 
and special laminations available 
from various suppliers. It does not 
include all laminations now being 
produced, but it brackets a broad 
cross-section of end-use applica- 
tions and types of flexible lamina- 
tions available. 

Once a lamination having ap- 
proximately the required proper- 
ties and price range has been lo- 
cated in the table, potential users 
should contact one or more of 
the companies specializing in 
these laminations, stating the end- 
use application, conditions under 
which the material must perform, 
and equipment on which it will 
be handled. With this information, 
laminators should be able to come 
up with a stock or special con- 
struction which will fill the bill. 





Successful applications 


Film laminations, used in pack- 
aging more than 20 years, have 
multiplied in both types and ap- 
plications in recent years. The 
availability of new high-perform- 
ance films and the growing popu- 


d from information supplied by the 
z companies: Arve oh .» Chicago, 
Continental Can Co. Inc., Flexible Pack- 
iv.. Mt. Vernon, Ohio; The Dobeck- 
Div. Dow Chemical Co., Cleveland, 
Film Dept., E. I. du Pont de Nemours 
» Wilmington, Del.; Eastman Kodak 
hester, N.Y.; Griffolyn Co., Houston, 
igh Vacuum Metals, Inc., New York, 
imart Corp., Clifton, N.J.; Minnescta 
& Mfg. Co., St. Paul, Minn. ; and 
rbide Plastics Co., New York, N.Y. 
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Film laminations 
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larity of portion packs and other 
convenience - type packages are 
two factors accounting for this 
growth. Another is the steadily 
rising cost of rigid containers and 
the ever-tightening squeeze on 
shipping space and costs. Still an- 
other is the fact that functional 
film laminations have made to- 
tally new types of packages pos- 
sible, such as the familiar bags or 
pouches in which sliced luncheon 
meats, cheese, etc., may be 
packed; polyethylene - polyester 
“boil-in-the-bag” packages; and 
others. Early problems of inade- 
quate bond strengths encountered 
with the latter type of lamination 
have been overcome by using 
thermosetting adhesives, primar- 
ily of the polyester type. 

Sometimes a specialized type of 
lamination is required to fill un- 
usual packaging assignments. For 
example, a package was wanted 
for surgical sutures which would 
permit electron beam sterilization 
of the sutures after packaging. 
The package had to be easily han- 
dled and opened without scissors 
or other instruments. The mate- 
rial selected was a lamination of 
aluminum foil, vinyl film, and 
paper. 

Envisioned is a polyester-paper 
laminate container for petroleum 
products now in the development 
stage. It will be low in cost, offer 
opening convenience and easy dis- 
posability, allow 35% more stor- 
age space at the service station, 
and take up only 47 the amount 
of space when empty as that re- 
quired by metal cans. 

Recently introduced is a group 
of self-adhesive Mylar-vinyl lam- 
inates that will supplant metal in 
many applications. The sub-sur- 
face vinyl film, 4 to 12 mils thick, 
adds body to the laminate and 
permits deep decorative emboss- 
ing. These materials offer sub- 
stantial savings in production and 
application costs by eliminating 
tooling charges as well as fasten- 
ing devices. 

Similar laminations are used for 
such products as trimmings and 
bindings, fabrics, belts, wallets, 
and ladies’ footwear. In some con- 


structions, a fabric backing is 
added for additional strength. 
Sold in rolls, these laminations 
may be fabricated into hundreds 
of end products by die-cutting, 
stitching, sewing, tailoring, twist- 
ing, shaping, embossing, cement- 
ing, and other techniques. Typical 
products which may be fabricated 
from such laminations include 
packages and displays, toys, nov- 
elties and models, luggage and or- 
naments, wall panels, tiling, up- 
holstery, automotive and aircraft 
interior trim, and various appli- 
ance components, such as decora- 
tive panels for refrigerators, air 
conditioners, etc., clock faces, and 
radio and TV grilles. Properties of 
the finished laminates include di- 
mensional stability; high flex, 
bond, tensile, and tear strength; 
retention of brilliant finish with- 
out tarnishing or growing brittle; 
and resistance to moisture, chemi- 
cals, solvents, flaming, scuffing, 
abrasion, cracking, peeling, and 
stretching. 

A more efficient type of refrig- 
erator insulation which is thinner 
than conventional types is pro- 
vided by a lamination of polyester 
film, kraft paper, and saran film. 
Fabricated into bags containing 
1% in. of glass fiber insulation, 
the material is used in the sides, 
backs, and doors of refrigerators 
and freezers. With this insulation, 
an 18-cu. ft. refrigerator can be 
produced with the same exterior 
dimensions as a 14-cu. ft. model 
with conventional insulation. Dur- 
ing fabrication, the bags are 
charged with an insulating gas. 
Although cost of the new insula- 
tion is about 10% higher than the 
former material, this is more than 
offset by the increased storage 
space gained. 


Electrical uses 


Various combinations of poly- 
ester film, cellulose acetate, asbes- 
tos, kraft paper, and other mate- 
rials are used in the electrical 
insulation field in motors (includ- 
ing slot wedges), and in trans- 
formers and other areas. Through 
proper selection of the plastic 
films and other materials used, 





TABLE |: Typical uses of some representative plastic film laminations 





Typical uses 


bal- 
tarpaulins, 


Air-supported buildings, high-altitude 
loons, bags, sacks, greenhouses, 
tents, protective clothing, ¢t-. 


Class A electrical applications 


Class B electrical applications 


Insulation, very high moisture impermeability. 
Also in Navy hutting program 
Heavy-duty packaging—large machines, rifle 
bags, etc. MIL-B-131C, Class I 


Small electrical and auto parts, case liners, 
ete. MIL-B-131C, Class II 


Heat-in-bag packaging 


Packages for dry foods: salad dressing mix, 
dry yeast, dehydrated eggs, ice cream mix, etc. 


Cook-in pouches, dried beef and lunch meat 
pouches, shrimp and lobster pouches. Drum 
liners and heavy-duty pouches 


Packaging of frozen orange juice, 
cottage cheese, etc. 


A) Pouches for dried beef, chipped ham, and 
textile dyes; B) Packaging of hygroscopic 
products 


frosting, 


Liner stock for closures used on glass, metal, 
and plastic containers 


Same as above—especially for use on products 
with volatile solvents 


Powders such as: dry cake mixes, photo chem- 
icals, cleaning, etc. 


Frozen food warehouses, pipe coverings, re- 
frigerated trucks, and railway cars 


Bags to contain glass fibers and a sealed-in 
gas for refrigerator insulation 


Sheathing for pipe insulation where high mois- 
ture protection is required 

Generally perforated for use in fancy grilles 
on appliances 


Used principally for loose leaf binder covers 


Matchbook covers 


Master control tapes for data processing equip- 
ment 


Decorative covering for aircraft baggage rack 
handrails, seat bases, etc. Shoe coverings, belts, 
handbags, and other apparel and accessory 
applications 

Displays, packages, 
appliance components 


novelties, interior trim, 


Components of laminate 





Two layers of 3.3-mil viny) 
or 2.2-mil white PE or 1- 
mil weatherable Mylar or 
%-mil Teslar PVF film— 
all with Dacron reinforce- 
ment 


Duplex cellulose acetate 
or polyester film lamina- 
tion to 100% rag paper 


Triplex polyester film and 
Quinterra asbestos lamina- 
tion 

Lamination of aluminum 
foil and polyester film 


44 x 40 cotton scrim/0.001 
PE/0.0005 foil/0.0025 PE 


50-lb. kraft/0.001 PE/0.0005 
foil/0.0025 PE 


Mylar plus aluminum foil 
plus polyethylene 
Cellulose acetate plus alu- 
minum foil plus Pliofilm 


Mylar plus polyethylene 


Cellephane plus polyethyl- 
ene 


Cellophane plus polyethyl- 
ene plus foil plus poly- 
ethylene 


75-gage saran bonded to 
50-lb. white sulfite paper 


100-gage polyester bonded 
to 72-lb. paper 


Paper plus aluminum foil 
plus polyethylene 
Aluminum foil plus poly- 
ester 


Saran plus kraft plus poly- 
ester 


Flame resistant vinyl, alu- 
minum foil, asbestos 


Polyester surface film on 
backing material 


Metallized polyester on 
heavy backing 

Acetate laminated to match 
folder stock 


Mylar plus aluminum foil 
and Mylar plus paper 


Metallized Mylar plus 
Kodapak butyrate sheet, 
laminated to airplane cloth 


Combinations of Mylar, 
vinyl, cloth, or metallized 
Mylar backed with vinyl 
film 





these laminations may be engi- 
neered to provide the required 
degree of flexibility, electrical 
strength, moisture resistance, and 
other properties. 

As an example of the use of 
laminations in the electrical in- 
dustry, Class A electrical applica- 
tions can be fabricated from cel- 
lulose acetate or polyester film 
laminated to 100% rag paper. 

Plastic film laminations are also 
being used in photoelectric and 
mechanical control tapes in mis- 
sile guidance systems, and ir 
automated machine tools. Some of 
these new developments require a 
perforated control tape which may 
be re-used several hundred times 
daily. Because of its high tearing 
resistance, plus the fact that it is 
not affected by temperature and 
humidity changes, polyester film 
has proved ideal. 


Air houses and balloons 


Polyester, vinyl, polyethylene, 
and other types of films, lami- 
nated with reinforcing strands of 
Dacron or nylon, are gaining in- 
creased use in air houses, green- 
houses, high-altitude research 
balloons, and other structures re- 
quiring a combination of light 
weight, wide temperature toler- 
ance, low cost, and exceptional 
strength. Typical laminations in 
this area employ several combi- 
nations of plastic films, including 
white or black PE, Mylar, vinyl, 
and polyvinyl fluoride (Tedlar). 
They are light in weight, flexible, 
tear-resistant, rot-proof, water- 
proof, and noncorrosive. Excep- 
tional tear strength is obtained by 
sandwiching between the plastic 
plies strands of Dacron which pull 
together to form a “rope” when 
a tear is initiated and effectively 
stop it from spreading beyond the 
point of initial tear. 

A lamination of aluminum foil 
and polyester film is being used 
in the Navy hutting program, as 
well as in other types of build- 
ings. “Permanent bubble” build- 
ings have been developed in which 
reinforced polyester film is “rig- 
idized.” In this process, air build- 
ings formed of the film laminate 
are first inflated to shape, then 
made permanent by spraying them 
with a compound consisting of 
various materials—fiber, cement, 
glass, and even clay. 


FILM AND SHEETING 





Recent Developments 


@ Relatively new on the market 
is a polyvinyl fluoride film (Ted- 
lar, E. I. du Pont de Nemours & 
Co. Inc.) that has excellent 
weatherability (up to 20 years 
outdoor exposure), thermoform- 
ability, high mechanical strength, 
and chemical resistance. Flex life 
is high over a broad temperature 
range. The film also has high ten- 
sile strength, outstanding resist- 
ance to thermal degradation, high 
dielectric strength and heat seal- 
ability, and excellent dimensional 
stability. 

Its properties suggest applica- 
tion in the building industry. This 
year, for example, a line of Ted- 
lar-metal laminates was intro- 
duced (Arvinyl Div. of Arvin In- 
dustries, Inc.) for such outdoor 
uses as billboard trim, building 
siding, duct work, roofing, and 
gutters. 

Other possibilities for the film: 
industrial and decorative tapes, 
agricultural glazing, specialized 
electrical applications, industrial 
packaging, outdoor signs, and 
grease-resistant laminations. 

@ A &% and 1-mil oriented PVC 
film cast on special equipment is 
now available (Reynolds Metals 
Co.). Chief market so far devel- 
oped is household wrap where the 
film is claimed to have superior 
“cling.” The wrap is marketed in 
rolls of 9- and 12-in. widths. The 
oriented film has a tensile strength 
of about 12,000 p.s.i., compared to 
6000 p.s.i. before orienting. It is 
heat shrinkable and is suggested 
for bundling (i.e., wrapping sev- 
eral units in one package). When 
the film is shrunk, it gives a tight, 
Strong wrap. 

® Water-soluble polyethylene 
oxide film (Hylox, Visking Co., 
Div. of Union Carbide Corp.) is 
anew material for which the fol- 
low claims are made: excel- 
ler lubility and good low-tem- 
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perature performance, sealing, 
printability, and shelf life. It can 
be heat sealed at about 150° F. 
Since it is permeable to organic 
vapors, it is suitable for packaging 
where odor has an appeal. The 
film will soften at water tempera- 
tures from 35 to 175° F. and not 
a trace of the film remains after 
immersion for 5 minutes. In 2-mil 
thickness, it will release the en- 
tire contents of a package into 
water in 8 to 10 seconds. Suggested 
applications are for packaging all 
kinds of materials—household as 
well as industrial—which are to 
be released into solution in exact 
amounts and often in controlled 
sequence. 

@ Extruded and oriented nylon 
sheet is being used as the core 
of industrial conveyor belting 
(Moldezx core sheet by Moldings & 
Extrusions, Inc. for belting by 
Goodall Rubber Co.), where its 
high tensile strength (up to 40,000 
p.s.i.) enables it to replace three 
or more plies of fabric. 

@ Claimed to have the highest di- 
electric constant of all the known 
organic film-forming materials, a 
chemically modified cellulosic 
(Cyanocel, American Cyanamid 
Co.) also has a low dissipation 
factor. This combination of elec- 
trical properties gives the new 
material a capacitance per unit 
volume two to six times greater 
than is found in any comparable 
product. The material, a white fi- 
brous solid, is made by adding 
acrylonitrile to a highly refined 
form of cellulose. Films as thin as 
0.1 mil and as thick as 5 mils have 
been cast from solutions in vari- 
ous organic solvents. 

@ Transparency, virtually zero 
moisture absorption, and good im- 
pact strength are features of a new 
fluorohalocarbon film (Aclar, Al- 
lied Chemical) which is expected 
to bring significant economies to 


various phases of packaging in 
general and to the packaging of 
electronic and other delicate com- 
ponents in particular. It is claimed 
that flexibility is retained over a 
700° temperature range from 
—320 to +390° F. and that the 
film is resistant to almost all in- 
organic chemicals, including the 
most corrosive acids and alkalies. 
@ Extruded chlorinated polyether 
sheet (Penton, Hercules Powder 
Co., extruded by National Vul- 
canized Fibre Co.) is now avail- 
able in 48-in. wide rolls for use 
in lining tanks, vessels, and other 
process equipment, where corro- 
sion and abrasion resistance is 
desired. Equipment lined with the 
Penton film can be constructed 
basically of inexpensive materials, 
thus saving on initial costs. Avail- 
ability of the extra-wide material 
cuts costs further, since more sur- 
face area can be covered with a 
single width, the number of seams 
and the amount of seaming mate- . 
rial can be reduced, and the 
amount of welding time and ex- 
pense can be kept to a minimum. 
@ Another biaxially oriented 
polystyrene film (Visolyte, Plas- 
tics Films Div., Visking Co., a sub. 
of Union Carbide Corp.) is ex- 
pected to gain wide acceptance for 
packaging and overwrapping be- 
cause of its optical properties and 
low price. It is reported to have 
good machinability and printabil- 
ity, to be easy to remove when 
used as an overwrap, and to offer 
good low temperature perform- 
ance. Claimed to be “breathable,” 
the film is available in thicknesses 
of from % to 2 mils and in widths 
up to 46 inches. 

@ Styrene foam film (Santofome, 
Monsanto Chemical Co.), ac- 
cepted for food packages by the 
Food and Drug Administration, is 
reported to be competitive in price 
with paper and to be waterproof, 
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GET YOUR 
PRODUCTS 
and PROFITS in 
BETTER SHAPE 


with 
HR PRECISION SHEET 
for VACUUM F 


B@ Top quality vacuum formed products 
are produced from H & R's precision 
slab or roll stock, in a wide a variety of 
patterns and colors; diversified surface 
finishes, decorated or industrial. In all 
gauges up to 4%”. 


H & R can supply all formulations of pol- In addition to precision sheet stock for 
yethylene (low, medium and high densi- vacuum forming we supply sheet stock 
ties) Polypropylene and all thermo plastics. for printed circuit boards, gaskets and 
Outline your needs and we'll be glad to washers, etc. 
furnish full information. 
@ H & R specializes in. . 
Custom Molded intricate and difficuit 
shapes. 


Custom Extruded profiles, rods and 
PLASTIC INDUSTRIES, INC. tubes. Extrusion dies and other nec- 
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sanitary, and grease resistant, in 
addition to having good insulating 
and cushioning properties. The 
new film, which has the appear- 
ance and feel of kidskin, is avai]- 
able in thicknesses from 10 to 25 
mils in rolls 36 in. wide and up to 
7000 ft. long. 

@ Pigmented polyvinyl butyral 
sheet (Shadowlite, Monsanto 
Chemical Co., Plastics Div.) jis 
now being produced on new 
equipment that can make sheets 
up to 60 in. wide. The butyral 
sheet, incorporating carbon black, 
is used as an interlayer in archi- 
tectural safety glass for control- 
ling solar heat in buildings with 
large glass areas. The material, 
now available in larger sizes than 
ever before, has been in success- 
ful use in schools, offices, and fac- 
tories for more than ten years. 

@ A new polyethylene-saran 
combination which makes full use 
of the outstanding properties of 
both materials has been developed 
(Plastoid Corp.). The new mate- 
rial consists of polyethylene film 
(based on Petrothene 200 resin, 
U. S. Industrial Chemicals Co.) 
coated with a 0.2-mil layer of 
saran. The combination offers a 
high degree of oxygen imperme- 
ability and sharply reduced trans- 
mission of gases and vapors, it is 
odorless, and it is completely un- 
affected by oils and fats, whether 
vegetable, animal, or mineral. The 
gas transmission rate is 0.3 to 
0.7 cc. of oxygen per 100 sq. in. 
over a 24-hr. period per one atmos. 
of pressure (ASTM D-1434-56-T). 
@ A_ reverse-printed polyester 
surfacing and laminating film 
(Decarlite V-300, Decar Plastic 
Corp.) can be custom applied by 
the company to various sub- 
strate materials to make products 
such as wall paneling, kitchen 
cabinet doors, and other vertical 
surfaces used in the manufacture 
of furniture or to other architec- 
tural uses. 

@ A new thermoplastic copoly- 
mer (Poly-Eze, Spencer Chemical 
Co.) can be extruded into film 
with excellent elasticity, good 
“hand,” and impact strength 
claimed to be superior to poly- 
ethylene. Potential uses include: 
textile applications (e.g., table- 
cloths, shower curtains, dra- 
peries), specialty tapes, inflata- 
bles, tank liners, etc. 
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@ High-impact cast polyethylene 
film (Western Waxide Div., 
Crown Zellerbach Corp.) has 
been formulated to overcome 
rough handling breakage in 
frozen-food packaging uses. The 
new film, it is claimed, also pos- 
sesses a low enough melt index to 
permit making seals that remain 
tight through a wide temperature 
range. 

@ Tailored for production of 
heavy gage sheeting, a new viny] 
resin (Pliovic BL-80, The Good- 
year Tire and Rubber Co.) can 
be pre-blended at room tempera- 
ture. It will absorb large amounts 
of plasticizers without heat, the 
company claims, to form a rela- 
tively dry and free-flowing mix- 
ture. 

@ Rigid vinyl] sheet for food pack- 
aging (Seiberling Rubber Co.) 
was developed especially to meet 
the non-toxicity requirements of 
both the FDA and Meat Inspec- 
tion Div. of the U.S. Dept. of 
Agriculture. The calendered un- 
plasticized sheet is opaque to 
frosty clear and will take proc- 
essed foods at around 175° F., thus 
permitting packaging at high tem- 
peratures and eliminating the 
need for preservatives. It can be 
vacuum formed and is being found 
particularly useful for small por- 
tions of food, e.g., unit portions for 
restaurant service. 

® Mechanical perforation of a 
leather-grain vinyl upholstery 
fabric produces a_ breathable 
material (Breathable Watahyde, 
Harte & Co.) in which it is 
claimed that the holes will not 
close up but rather will widen 
in use because of tension. Such 
breathable material, it is reported, 
increases comfort and, at the same 


time, reduces wear and tear at 
welted seams by eliminating the 
Strain—trapped air escapes rather 
than being compressed when the 
upholstery is in “use. 


@ Low-cost carriers for beer and 
other canned products are being 
die-cut (The Conex Div. of Illi- 
nois Tool Works) from strips of 
lensity polyethylene 0.025 in. 


low ~( 


el The extruded polyethylene 
film is stamped with slightly oval 
_ f the correct size to grip 
the 


to be carried. The simple 
can be used as-stamped 
wh 1 with injection molded 
poly lene handles. They are 
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GET BETTER QUALITY, LOWER COSTS, WITH 


GILMAN PLASTIC PRODUCTS 


GILCO” High Impact Polystyrene Sheet. Rigid plastic sheet 
for vacuum forming available in standard and special colors. 
GILCO Super High Impact Polystrene Sheet. Extra high 
impact plastic sheets available in colors to meet your needs. 


GILCO STYLOUR®—Super High Impact Polystyrene 
Velour Covered Sheet. Flocked with Cotton or Rayon for 


luxury packaging. 





GILCO Polyethylene Sheet. Conventional and linear types 
including DuPont Alathon 10 and 31; Phillips Marlex 50 


and Grace Grex. 


GILCO Minus 40-Special Formulation Grained and 
Smooth. Will stand temperatures from 180° to —40° with 
high impact strength. For luggage, tote boxes, housings, etc. 
GILCO Decorated High Impact Polystyrene Sheet. Avail- 
able in various patterns including woodgrains, flitter and 
glitter. Special patterns made up to customer's specifications. 
GILCO Mylar Covered High Impact Polystyrene Sheet. 
DuPont Mylar coated to GILCO sheet for vacuum forming. 
GILCO MIRRO-BRITE® Metalized High Impact Poly- 
styrene Sheet. For vacuum forming, dispiays and packaging. 
GILCGO Pelican Grained High Impact Polystyrene Sheet 


(embossed). Scratch resistant finish for either high impact 
or super high impact formulation. 
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Take advantage of Gilman's 
“NEW PRODUCT” Service too! 


Now you can eliminate the costly 
problem of how tc test and make 
ready yew products—with no inter- 
ruption in current production. . 


e Gikinau sngioues will take SO how 
product all the way from the first sketch 
to the finished sample. 


e@ Gilman experts will advise you on 
the best type of vacuum forming equip- 
ment for new products—suggest modi-— 
fications on present equip- 

ment which will permit 

faster set-ups, speed forming 

cycles. 


MAIN OFFICE & PLANT 


THE GILMAN BROTHERS COMPANY 


ESTABLISHED 1897 @ 


GILMAN, CONNECTICUT 












When quality is the prime consideration...Use 


PURE VINYL TUBING 


Non-toxic 

Crystal clear 
Glass-smooth surface— 
easy to clean. 


Inert—highly resistant fo 
chemicals 


Strong and flexible 
Can be sterilized 


Available from %" to 
2" internal diameter 


When tubing of the very finest quality is needed, you'll want MAYON PURE 
VINYL TUBING . . . a product resulting from 12 years of constant research. A 
tubing of such fine quality it is being used the world over in leading hospitals and 
research laboratories. Unequalled for handling foods, chemicals, milk, beverages, 
and cosmetics. SAMPLES, CATALOG PAGES, AND PRICES UPON REQUEST. 


415-17TH AVE. NORTH 
MAYON PLASTICS  scrxins: minnesora 





PLAastic STAMPINGS 


WASHERS ° SPECIALTIES * GASKETS 
Phenolics : Vinylite 
Nylon : Fibre 
Polyethylene High Impact 
Acetate Polystyrene 
Industrial Formica —- Delrin 


Linear Polyethylene ‘Glass Base Phenolics 
PLASTIC STAMPING CORP. 


Milwaukee, Wisconsin: 12300 West Adler Lane 





designed for one-time use only, 
and to be discarded; because the 
elements are flat, they take up 
little space in the wastebasket. 
e@ Large polyethylene sheets are 
now available (Gering Plastics 
Div., Studebaker-Packard Corp.) 
in 10-mil thickness up to 20 by 
100 feet. The sheets are seamless, 
in natural and black, and are pro- 
posed for silage covers, industria] 
coverings, and enclosures for 
buildings under construction or 
repair. 

e@ Refrigerator insulation can be 
made 50% as thick as when ordi- 
nary glass batting is used, by plac- 
ing the glass insulation in a bag 
fabricated from a laminate (Arvey 
Corp.) of polyester film, kraft pa- 
per, and saran film. Increased effi- 
ciency of this composite insulation 
has enabled Hotpoint Co. to in- 
crease the capacity of one of its 
refrigerators from 14 cu. ft. to 18 
cu. ft., without increasing the out- 
side dimensions. 

e@ Automatic typewriter control 
tapes (Friden, Inc.) have longer 
life when made of a lamination of 
polyester film (Mylar, Du Pont) 
and paper. The high tearing re- 
sistance of the film, plus the fact 
that it is not affected by tempera- 
ture and humidity changes, gives 
the laminate tape from 300 to 400 
times the service life of paper 
alone. 

Report on the 1961 packaging 
show: Skin and bubble packaging 
continue to expand, with cellulose 
acetate, butyrate, PVC, and poly- 
ethylene films the principal mate- 
rials of use. In 6-mil thickness, 
PE film is used by a number of 
moving companies to skin pack 
fragile items against PE-coated 
corrugated boards. 

Extruded foam film made from 
expandable styrene beads aroused 
interest in such applications as 
thermoformed packages or pack- 
age inserts (utilizing the mate- 
rial’s inherent cushioning char- 
acteristics). The foam also is used 
as-laminated, in one instance, to 
paperboard and, in another case, 
to pre-decorated, biaxially ori- 
ented styrene film. The latter type 
of laminate can be thermoformed 
into containers, bowls, etc. 

Polyester films showed up in 
several heat-and-eat type of pack- 
ages. At one booth (Eastman 
Chemical), popcorn in bags fab- 


FILM AND SHEETING 





Marblette Cast Phenolic Resins 


Marblette is a pure, synthetic resin, unlike molding 
powders which are mixed with large amounts of fillers. 
Marblette is sold in sheets, rods, tubes and special 
shapes in forms and colors designated below. 
Jewel-like depth and complete color range enable 
Marblette to duplicate the appearance of such precious 
stones as amber, jade, coral, etc., as well as tortoise 


" PROPERTIES 


Specific Gravity 

Specific Volume, cubic inch per Ib. 

Tensile Strength, Ibs. per sq. inch 8000-12000 

Compressive Strength, Ibs. per sq. inch 
15000-30000 


1.30-1.32 
20-23 


Impact Strength, 

ft. Ibs. per inch of notch (Izod Test) 0.40-0.50 
Modulus of Elasticity, Ibs. per sq. inch x 105 4 
Thermal Conductivity )104 col., 


MACHINING CHARACTERISTICS 


Drilling: High speed vertical drill. 

Tapping: On vertical or horizontal machines. 
Turning: 450 to 600 RPM regulated to surface 
speed of 600’/minute. No special tool materials 
necessary. 

Stamping: Roll leaf method usually used. 
Cutting: Use abrasion cut-off wheels with water; 
Polish by hand or tumbling. 


Polishing: Use double spindle buffing lathe 
with soft muslin discs. 


Grinding: Abrasive form wheels for bevels, 
radii, other finishing touches not usually in- 
cluded in rough castings. 

Sawing: Band saw at 1200 to 1500'/minute 


using blower and changing saws frequently 
to coo! 


per second, per square cm/1° C. per cm 3-5 
Thermal Expansion 105 per degree C. 8-11 
Specific heat, cal. per degree °C. 

per gram. 0.3-0.4 
Heat resistance, °F. 170° 
Water absorption, % by weight, 

48 hours 
Volume resistivity, ohm-cms 
(50% relative humidity and 25° C.) 
Breakdown Voltage, 60 cycles, 

volts per mil. (instantaneous) 300-450 
Dielectric constant, 10% cycles 5-7 


0.4-0.6 


10!2.19!3 


Tumbling: Wet tumbling for very rough articles; 

dry tumbling is equivalent to ashing and most 

frequently used; grease or wax tumbling pro- 

duces high lustre. 

SHAPES AVAILABLE FROM STOCK 
MOLDS 


Reds: Round, fluted, square, four-leaf clover, 
scalloped, eight-corner “square”, three-leaf 
clover, oval, three point, octagonal, half round, 
quarter round, hexagonal. 

Rectangular shapes ° Sheets and slabs 
Cylinders °* Sheets between glass 
—All in wide range of sizes, lengths and/or 

diameters. i 

Many open special shapes are also available, 
such as: cutlery handles, kitchen utensils han- 
dies, pipe stems, clock cases, automotive trim- 
mings, furniture trims, lamp parts, jewelry items, 
buttons, many others. 


Since 1929—liquid and cast phenolic resins—epoxy resins 


shell and ivory. 


Marblette can be had in transparent, translucent and 
opaque forms in an infinite variety of plain colors and 
mottled effects. 


Marblette can be supplied in water-clear form known 
as “Crystle” which is also made in a wide range of 
colors and shades. 


Power Factor, radio frequencies 
Power Factor, 60 cycles 0.10-0.15 
Refractive Index Nd 1.5-1.7 
Burning Rate Nil 
Effect of Weak Acids No effect 
Effect of Strong Acids None to slight effect 
Effect of Strong Alkalies Decomposes 
Effect of Ageing Hardens & Yellows 
Effect on Metal Inserts None 
Machining Qualities Excellent 
Clarity Waterclear, Opaque, Translucent 
Color Possibilities Unlimited 


1-4.5 


SPECIAL CASTINGS MADE TO CUS- 
TOMERS’ SPECIFICATIONS 


If you desire castings which are not available 
from stock molds, special shapes can be made 
to your specifications, providing draft is all one 
way. Such special molds can be designed and 
produced quickly—within three weeks—and at 
a cost for less than for any other type mold. 


ENGINEERING SERVICE 


For further detailed information covering any 
of the above, consult the Marbiette engineering 
staff which offers its services and counsel to 
help solve your prob- 
lems. Years of exten- 
sive experience with 
all types of production 
problems have quoli- 
fied them to assist you. 














he Marblette Corporation CHICAGO © DETROIT © LOS ANGELES 


37-00 Thirtieth Street, Long Island City 1, N. Y. 


WICHITA @ 


SEATTLE 


© TORONTO 





ricated of polyester film was 
being popped by passing the en- 
tire package under a bank of heat 
lamps. At another (Minnesota 
Mining), a preassembled carton 
with a built-in pouch of polyester 
film was displayed. The combina- 
tion facilitates high-speed auto- 
matic package filling and prevents 
damage to the pouch which is 
easily removed from the carton 
when contents are to be heated 
for serving. 

Dissolvable films for packaging 
unit quantities of dyes, bleaches, 
detergents, soaps, and other hard- 
to-handle products appear to be 
on the verge of large volume com- 
mercialization. Polyvinyl alcohol 
films (Reynolds Metals Co. and 
Mono-Sol Corp.) and polyethyl- 
ene oxide films (Visking) are in 
the forefront. 

Biaxially oriented styrene film 
and sheet stock is winning an im- 
portant place in thermoformed 
packages, package covers, wraps, 
and lids for food containers. 

Shrink-type wraps, based on 
oriented styrene, vinyl, or poly- 
ester, were much in evidence. The 
process, which is particularly 


suited to overwrapping produce 
and other items packed in trays, 
involves subjecting the wrapped 
package to a brief heating inter- 
val, e.g., as in a heat tunnel. The 
film shrinks over the product pro- 
viding a tight, conforming wrap. 

Report on 1961 industrial appli- 
cations: Echo satellite, fabricated 
of %-mil thick polyester film 
(Mylar), was launched into a 
1000-mile orbit around the earth 

. . Flexible printed circuits, in 
which the etched metal circuit 
(generally copper) is bonded per- 
manently between two layers of 
plastic film aroused interest. For 
applications involving high tem- 
peratures and corrosive atmos- 
pheres, fluorocarbon films are 
used; for others, polyethylene, 
polypropylene, vinyl, and poly- 
ester films are used . . . Electro- 
luminescent systems (using spe- 
cial phosphors that can convert 
electrical energy into light) turned 
out to be potential new markets 
for plastics films. In one system, a 
thin ceramic plate coated with the 
phosphors is protected by a clear 
layer of 5-mil rigid vinyl; in a 
second, the phosphors are sus- 


pended in a cast vinyl film and 
laminated to a glass plate; in a 
third, a flexible EL panel, the 
phosphors are suspended in a cast 
cellulose film (Cyanocel) sand- 
wiched between glass cloth and 
aluminum foil, and enclosed in 
an envelope of fluorocarbon film 
(Kel-F) . . . So satisfactory has 
been the use of polyethylene film 
as a cure cover for concrete road 
surfaces that some 23 state high- 
way departments have published 
specifications for the film . 
Moisture barriers for stall shower 
construction are being fabricated 
of calendered vinyl film at far 
lower cost than when conven- 
tional materials—lead, copper, or 
asphalt felt sealed with hot tar— 
are used . . . Refrigerator insu- 
lation can be made 50% as thick 
as when ordinary glass batting is 
used, by placing the glass insula- 
tion in a bag fabricated from a 
laminate of polyester film, kraft 
paper, and saran film . . . Duct- 
ing fabricated of polyester film is 
being used in aircraft to eliminate 
air leakage from the cabin walls 
and to provide heat control and 
air distribution. 





....Alt yOUr Service 


Nylon and Delrin 


RANSILWRAP 
4427 North Clark Street e EDgewater 4-8115 e Chicago 40, Illinois ~ 
Eastern Division: 2741 N. Fourth Street + CA 6-4010 « Philadelphia 33, Pa. 


FILM AND SHEETING 








IN MATERIALS FOR LIGHTING 


(One of the many areas in which Southern Plastics Co. serves industry) 


INDUSTRIAL — COMMERCIAL — RESIDENTIAL — OUTDOOR 











Always a 
dependable Source! 


CONTACT... 


plastic 
sheets 


rods 
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and Price Schedule 
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truded, molded or laminated. Plastic coatings and 
fabrication supplies are also included. 
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Commercial Plastics and Supply Corp. * For the Electronics Industry 
630 Broodway, New York 12, N. Y. ] we else stock FABRICATION DIVISION 


Conteme ! MELAMINE, SILICON Our Comco Division is a complete custom serv- 
Please send the following “ . ice for the precision fabrication of both thermo- 
: , EPOXY LAMINATES plastic and thermosetting plastic materials. Parts, 
64-pg. Catalog & Price Schedule ‘Hq. for Plast assomblies and predects are predeced to exact 
Sq. Ft. Converter Chart’’ for sheets up to 67” x 102” eaten blueprint specifications. Write for details! 
lete Catales — , FIBRES 
nplete sttalog ‘‘Plastic Properties (16 pgs nan role COMCO PLASTICS, Inc. 
peg aan alien 98-34 jamaica Ave. Richmond Hill 18, N.Y 
Virginia 9-9000 








Address - - — 


po eae COMMERCIAL 
OS ee ee GRamercy 7-5000 PLASTICS AND SUPPLY CORP. 
ee 630 BROADWAY, NEW YORK 12, N.Y. 


Newark, N. J., 127 Frelinghuysen Ave. * Pittsburgh, Pa., 424 N. Craig St. * Miami, Fla., 3801 N.W. 2nd Ave. 
Philadelphia, Pa., 548 Rising Sun Ave. * Atlanta, Ga., 554 N. Ave., N.W. * New Haven, Conn., 29 Fitch St. 
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“Dont fuss. Dad. It didn’t break!” 


RIGHT! The Andrews Post Lantern globe is 
le of heavy-gauge Kodapak II Sheet chosen 
high impact strength as well as its ability 

ind up through all kinds of weather—burning 

lust, rain, hail, sleet, snow. Fact is—like the 

nan on his daily rounds—nothing can stop u! 


} 


hat’s more, as the Andrews people (Portland, 
will tell you, Kodapak II is easy and eco- 


cal to work with. It comes in a variety of 


and gauges (up to .125”); is chemically 


and dimensionally stable. For further information, 


call our representative or write: 


E MAN KODAK COMPANY 
Plastic Sheeting Division, Rochester 4, N.Y. 


Sales Offices: New York, Chicago, 
Atlanta. Sales Representatives 
Cleveland, Philadelphia, Providence. 
Distributors: San Francisco, Los 
Angeles, Portland, Seattle (Wilson 
& Geo. Meyer & Co.); Toronto 
Montreal (Paper Sales, Ltd.) 


Kodapak 3s trademark 














Westlake Machineable Thermoplastics — from Acrylux Acrylic to 


Zelux Polycarbonate — are stocked by more than 50 distributors 


— nationwide — from coast to coast! 


’ ROD SHEET TUBE 
Ta comfplele TAUGE of cezed 1/16 to 30 0005 to 42 1/32 to 12 id 


diame ter 


PLASTICS FOR INDUSTRY 


DIVISION PE «+ LENNI MILLS © DELAWARE VALLEY «© PENNSYLVANIA TELEPHONE: GLoBe 9-1000 aREA CODE 215 
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Dynamit-Nobel #80283 VS 


MIPOLAM PVC FOR LIVELIER DESIGNS THAT SELL 


MIPOLAM PVC film uniquely combines gay, 
imaginative patterns of top Continental designers 
with the pliable, washable, chemically resistant 
endurance of soft polyvinyl chloride. MIPOLAM 
welds, bonds, sews. In your choice of fashionable 
finishes, MIPOLAM is ideal for decorative cosmetic 
and travel bags, belts, purses, advertising novel- 
ties, closet accessories, rainwear, bookbinding, 
checkbooks, notebooks, many other things. Let 
versatile MIPOLAM breathe fresh life into your 
products now—and give you ideas for new ones. 
MIPOLAM comes in convenient rolls, foil thickness 
from approximately .004” to .032”. MIPOLAM is 
made hy Dynamit-Nobel, one of Europe’s largest 
and longest established plastics manufacturers. 
Inqui:+ about hundreds of other Dynamit-Nobel 


products, such as: Collodium Cotton for lacquers 
and celluloids; Laminates for backing and deco- 
rative purposes; Injection molding compounds; 
PVC profiles for the construction industry; Vinyl 
and high impact polystyrene; floor 

covering; Cellon and Cellu- 

loid. For further information 

contact Rubber Corporation 

of America, Hicksville 1, 

L.I., New York, agents for: 


DY NAMIT- 
NOBEL, AG. 


TROISDORF, COLOGNE, WEST GERMANY 
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Here 1s 


that forms to any shape in sharp detail and 


a versatile thermoplastic sheet material 
till answers the basic design problems of tough 
ness, beauty and economy. Used as a tool for 
advanced thinking, U.S. Royalite makes new, 
modern product designs practical. Check these 
advantages: (1) Royalite is extra tough to 
resist hard knocks and scrapes, is impervious 


and oil, nonrusting and unaffected 
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by most chemicals. (2) Royalite molds cleanly, 
without seams or sharp edges to snag or chip. 
(3) Royalite gives you new textured beauty ina 
wide range of colors built in to last. (4) Royalite 
is extra light, making portable products even 
more portable. (5) Royalite is economical to 
use. Advanced fabricating techniques perm't its 
wide use on popular-priced items. Send for ‘ree, 
file-size specifications booklet. 


“nen Rubber 


Chicago 39, Illinois 
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NYLROD*..KELROD*..TUBES...SHEETS 


CARMER's top-flight engineers meet the challenge of the 
'60s with the skill and knowledge to provide cagmen cus- 
KP 3 _ p= tomers with superlative products—better products. 


CAR MER offers its famous stock of extruded “Nylrod” and 


NW i CO De “Kelrod”’ rods and tubing ...as well as... sheeting, and... 


KEL-F Kel-F special plasticized material available in all 


' al lengths, many stock diameters, 22 colors available. 


NYLON Nylon Rod ground or fabricated to your specific, 
most exacting tolerances. All lengths, many stock diameters. 


TEFLON 100 FEP Teflon 100 FEP is lower priced than regu- 
lar Teflon spaghetti. Any coil or straight lengths at cus- 
tomer’s option...many stock diameters 

Teflon® 100 FEP... 

Now priced lower than regular Teflon spaghetti ! 





®Registered Trademark 


I 
As part of its overall facilities, Cam mem is fully ¢ A ee e a 
ee 


equipped to fabricate rods, tubing and sheets into intri- =e 
cate machined parts. For wire insulation, caAnMER 
provides small diameter tubing (spaghetti) in Teflon, 1 N D U Ss T R ' E Ss l N Cc . 


Kel-F and Nylon. 22 North 26th Street « Kenilworth, New Jersey 


Send for brochure and price list. 


ITS 


Sed ai iotoaahe 








@ Nylon and NYLATRON® GS—rod, 
tubing, tubular bar, strip, plate, disc 
@ MC*nylon-stock shapes and cast parts 
@ TFE-fluorocarbon—rod, tubing, spa- 
ghetti tubing, tape, sheet, thin wall tubing 
@ FLUOROSINT® TFE-fluorocarbon 
mill shapes and molded parts 

@ NYLAFLOW® flexible nylon pres- 
sure tubing and hose 

@ Q-200.5 cross-linked polystyrene—rod 
and plate 

@ PENTON? chlorinated polyether— 
rod, tubular bar, strip 

@ Polycarbonate resin—rod, plate, disc, 
tubing 

@ NYLATRON® GS nylon molding 
compound 

@ NYLASINT® pressed and sintered 
nylon parts 

@ CORVEL® Fusion Bond Finishes 

@ WHIRLCLAD* Coating System 


*Trademark of The Polymer Corporation 
tTrademark of Hercules Powder Co. 
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“insist on POLYPENCO’ 


branded quality plastics!” 


i | 


See eee eee ee ee ew ew ew ew ew ewe ew we @= a wd 


When a critical nylon bearing fractures or a TFE insulator fails in service, replace- 
ment costs mount . . . and your customer relations suffer. 

Industrial plastic availabilities come in all sizes and forms and, unfortunately, in 
varying quality too. 

When the plastics you buy carry the POLYPENCO trademark, the brand of a 
recognized quality producer, you’re not gambling with end-product performance 
and your company’s reputation. 


Specify Polymer nylon, TFE-fluorocarbons, or other stock shapes as your assurance 
of consistent high quality . . . quality that means core-to-surface uniformity so 
necessary for end-product reliability and efficient, waste-saving production. 

Add the plus factors of . . . top technical and engineering service and a wide range of 
shapes and sizes available from over 100 stock locations throughout the world . . . 
service you get only when you “insist on POLYPENCO branded quality plastics”. 


CALL OR WRITE YOUR NEARBY 


POLYPENCO Distributor Rng vtan 
under PLASTICS SUPPLY CENTERS || Xellow Poges 


] 
J} 


SS 


THE POLYMER CORPORATION 


Reading, Pa. [ Export: Polypenco, inc., Reading, Pa., U.S.A. 


NYLONS © TFE-FLUOROCARBONS « OTHER PREMIUM PLASTICS 


POLYPENCO 
Coe 
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FORMABLE 


Seilon is unique in its versatility to meet your 
individual specifications of properties, 
gauges, sizes, colors and finishes, 


Seiberling Plastics Division is unique in its 
personalized service — competent and 
experienced personnel are quickly available, 
always accessible for technical guidance 
in the selection of Seilon for your 
material problems. 


This unique combination of men and 
materials is yours for the asking. We will be 


glad to send you complete information on 
Seilon—or demonstrate our “on the spot” 


RIGID PVC 


Seilon CR—Type | 
Seilon Hi—Type Il 


RIGID PVC HI-TEMP 


Seilon CR-HT—Type | 
Seilon Hl-HT—Type I 


ABS (Acrylonitrile, Butadiene, 


Styrene) 
Seilon S-3—Standard 


Seilon S-3 HT—High Heat 
Distortion 


Seilon S-3 FR—Flame Resistant 
Seilon S-3 Flex—Flexible 





A NAME YOU CAN 
TRUST IN PLASTICS 


44444444 


personalized service, if you prefer. 


RIGID VINYL COPOLYMER 


Seilon VHI—High Impact 
Seilon LC—Norma! Impact 


Seilon TTT—High Impact, 
High Heat Resistant 


POLYOLEFINS 


Seilon ETH—Regular 
Polyethylene 


Seilon ETH-R—High Density 
Polyethylene 


Seilon PRO—Polypropylene 


PLASTICS DIVISION 


SEIBERLING RUBBER COMPANY 
Newcomerstown, Ohio « Phone: HYatt 8-8304 








SHEET + ROD + TUBE 
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INDUSTRIAL 
FORMICA 


Parts and electrical insulators fabricated to 
specifications from any material you select 


Suppliers of the following plastic materials 











Nylon Polyethylene Lucite 
Phenolic Linear Polyethylene Implex 
Teflon Polystyrene Rexolite 
Acetate Fibre Catalin 
Kel-F Hard Rubber Casein @ ww Pd 
Delrin Lexan 





Send for prices, information and catalog 
2232 West Armitage Ave., Chicago, Ill. CApital 7-0300 
COLONIAL KOLONITE COMPANY 
COLONIAL KOLONITE CORPORATION OF WISCONSIN 


285 Pharr Road N.E., Atlanta 5, Georgia 12300 W. Adler Lane, Milwaukee 13, Wis. 
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Announcing a New Family of Polyamide Films 
from General Chemical! 


sCAPRAN 


CAPRAN films are tough films. 
They offer an unusual combination 
of properties which suggest many 
uses in packaging, including skin 
packaging; as sheets for vacuum bag 
molding; as tapes or ribbons. . . and 
when dyed or metallized, for 
ornamental or decorative purposes. 


Here’s what you get in CAPRAN ... 


1. CAPRAN films have excellent tensile 
strength! Unoriented strength approaches 
10,000 psi. High burst and impact strength! 


= 


4. CAPRAN films have excellent fold endur- 
ance...superior resistance to surface wear! 


CAPRAN films are printable! No special 
eatment needed! 


° 
Tradem of Allied Chemical Corporation 


2. CAPRAN films are unaffected by and will 
hold fats and oils of animal, vegetable and 
mineral origin. 


5. CAPRAN films offer transparency range 
from hazy to clear. 


8. CAPRAN films give HIGH YIELD! Sealable 
by electronic or thermal methods. 


3. CAPRAN films form an outstanding odor 
barrier—especially to aromatics! 


l 
Ves 


6. CAPRAN films are serviceable at tem- 
peratures from —100°F to 200°F. Not de- 
teriorated by autoclave sterilization. 


For additional information and tech- 
nical data on CAPRAN films, write or 
phone Film Department,General Chem- 
ical Division, Allied Chemical Corpora- 
tion, 40 Rector Street, New York6,N.Y. 
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GENERAL CHEMICAL 
DIVISION 


40 Rector Street, New York 6, N.Y. 














if your requirements call for 
CUSTOM EXTRUDED 


High Impact Styrene Sheets 
Bice aa 


ae 













The perfect parting agent | 
for | 


epoxy and polyester resins: | 
Polyvinyl Alcohol Film 


Types: Standard, Hot Water Soluble (HWS). 
Thicknesses: 1 to 12 mils. Widths: up to 54”. 


Contact Your Nearest Distributo) 















THERMOPLASTIC 
PROCESSES, INC. 


VALLEY ROAD, STIRLING, NEW JERSEY 





East Coast: 


Central States: 


South: 


West Coast: 
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MONO-SOL CORPORATION 


Chicago office: 300 W. Adams St. 
Pioneers in Band Casting PVA Film 


P-V-A Industries, 224 E. 38 St., 
New York 16, N.Y. 


Cadillac Plastic & Chemical Co. 
1511 Second Blvd., Detroit 3, Mich. 


Airco Supply Co. of Wichita 
P. O. Box 828, Wichita, Kan. 


Seaman Products Co., Sylmar, Calif. 


Hastings Plastics Co., 
Santa Monica, Calif. 


Gary, Ind. 




































INDUSTRIAL FASTENERS. A series of bul- 
letins on die cast industrial fasteners and 
molded nylon fasteners. folders on 
injection molded tiny Delrin parts and 
injection molded tiny plastic parts. Gries 
Reproducer Corp. 





PRINTING MACHINE. Bulletin describes 
self-contained printing unit that will 
automatically print any message or em- 
blem up to 3” wide with an 18” repeat 
(or integral division of 18”). Also infor- 
mation on a center-fed, rotating die. 
Essex Plastic Machinery Co., Inc. 


PLASTIC STEEL. 12-page illustrated bro- 
chure describes durable, permanent, non- 
shrinking, non-exbanding plastic steel. 
Used for making jigs, molds, models, 
fixtures. Also for a. .% dies, rebuilding 
machinery, etc. Features, applications, 
other data. Devcon Corp. 


TENSION WINDING UNIT. 2-page diagram- 
metric data sheet describes features and 
applications of a winder designed to ac- 
complish controlled tension winding. 
Hobbs Mfg. Co. 
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All the booklets described here 
—plus hundreds and hundreds 
of others—are yours for the 
asking, entirely without cost or 
obligation. 


Just turn to the Manufacturers’ 
Literature Section (immediately 
preceding the Buyers’ Direc- 
tory), cirele the numbers you 
want, fill in the reply post card, 
and mail. No postage is needed. 


A service of 


MODERN PLASTICS 


Encyclopedia Issue 


A BRESKIN PUBLICATION 


770 Lexington Ave., New York 21, N.Y. 


| Get helpful literature... FREE! 


FIBER GLASS WOVEN ROVING. 4- il- 
lustrated catalog folder describes 

and applications of a line of fiber glass 
woven roving fabric for use in 
construction of such things as fiber glass 
swimming em large containers, boats, 
etc. Bean Fiber Glass, Inc. 


PANEL SAWS. 6-page illustrated brochure 
<oages —— manual c. a 
panel saws for cutting es 
plastics, plywood, metals, etc. Hendrick 
Mfg. Corp. 


CUSTOM EXTRUDED POLYETHYLENE. 4-page 
a ae be acne = foe 
acilities a yethylene om €x- 
trusion molding and laminating service. 
Contour Extrusion Co., Inc. 


INJECTION MOLDING MACHINES AND 
EQUIPMENT. 8-page illustrated br: 
describes a line of injection molding ma- 
chines, ovens, dryers, etc. Specifications 
and data. Brosites Machine Co. 
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Data Sheet 
CAMPCO 


Thermoplastic 
Sheet and Film 


Campco Sheet and Film has demonstrated exceptional qual- 
ity and dependability in thousands of applications. The data which 
foliows indicates the characteristics and qualities of each type, en- 
abling you to match them with the requirements of your product. 
If further information is desired, we shall be glad to supply it. 


STYRENES 

S-540 Styrene—Rubber modified rigid alloy. High impact 
strength and dimensional stability. Low moisture absorption, good 
heat resistance. Vacuum form. Gauges .010” to .187” stock or cus- 
tom sheets. Colors, translucent or opaque. For display, toys, trays, 
packaging, housewares, luggage, housings, cabinets, tote boxes. 

S-300 Styrene—Similar to S-540 but with greater rigidity. 
Good impact strength. 

S-1029 Tripolymer Styrene— High impact, tensile and flexural 
strength at extreme temperatures. Excellent chemical resistance 
and dimensional stability, low moisture absorption. Forms easily, 
machines readily. In smooth or Haircell grain finish, gauges .020” 
to .125”, many colors. For luggage, housings, chairs, ducts, exhaust 
hoods, clock cases. 


ACETATE 

A-130 Cellulose Acetate—Strong and tough. Vacuum or pres- 
sure form. Machines well. In gauges .003” to .060” transparent, 
translucent, opaque, clear and colors. For blister packs, wraps, dis- 
plays, toys, novelties, indoor signs. 


POLYETHYLENE 

PE-200 Linear Polyethylene— Rigid, tough, heat and chemical 
resistant with good dielectric properties. Forms, machines, welds. 
Gauges .020” to .125” custom sheets and rolls. For housewares, con- 
tainers, vessels, electrical products, toys, housing, packaging. 

PE-100 Low Density Polyethylene—Low melt viscosity, ex- 
cellent chemical and heat resistance. Stable under humidity changes. 
Vacuum form. Processes rapidly. In gauges .015” to .125” gloss fin- 
ish custom sheets and rolls. For housewares, packaging, toys, con- 
tainers, form liners, electronic applications. 


POLYPROPYLENE 

PP-300 Polypropylene— Impervious to stress cracking. Excel- 
lent dielectric properties, chemical resistance, rigidity, strength. 
Heat resistant to 300° F. Low specific gravity. Gauges .010” to 
-250” custom sheets and rolls, variety of colors. For chemical ducts 
and vats, fittings, electrical parts, sterile items. 

Campco engineers will gladly work with you on any problem 
involving the use of these materials. Write or phone today. There 
is no obligation, 


CAMPCO division of 


CHICAGO MOLDED PRODUCTS CORPORATION 
Normandy Avenue, Chicago 36, Illinois © TUxedo 9-6200 
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NOW TiLM as well as 


SHEET, ROLL & SLAB STOCK 





SCRANTON PLASTIC 


now offers you a variety of plastics in film, sheet, roll and siab 
stock for a wide range of industrial applications. Let Scranton 
become your complete source of supply. 


Available in transparent, transiucent, or opaque—in wide ranges 
of colors—all thickness: .003” to 2”; sheet sizes 18” x 24”; 21” x 
51”; 33” x 46”; 36” x 48”; 36” x 60”; 48” x 72”; 50” x 72” and 
50” x 108”. 

We also have a special line of vinyi sheeting made expressly for 
electrotype molds. 


Prices are determined by quantity, thickness and sizes. Let us 
give you quotations on your requirements. Samples supplied on 









































request 

: Film | Sheet | Slab Rolls | Laminates 
Vinylite (Rigid and Flexible) x x x x x 
Cellulose Acetate x x 1 . x 
Acetate Butyrate x x x t 
Polystyrene x x x x Xx 
Plexigias & Acetate with Embedments x x 

Pvc t x | Z 
Polyproplyene . a 

Polyethylene —Regular x x | x | 
Polyethylene—Hi-Dens. 7 x x 
Propionate x x x 
Nylon x 7 

Delrin Xx a 




















Scranton Plastic Laminating corp. 





3216-18 Pittston Avenue, Scranton 5, Pa. 
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SILVATRIM® plastic mouldings are economical. . . versatile. . . func- 
tional! They are highly flexible, easy to form, si to apply and 
give your products a perfect finishing touch. SILVATRIM® hides ragged 
edges, cutting down rejects . . . they practically pay for themselves! 
No need for pruning of flash or excess plastic caused by vacuum 
forming, injection molding, etc. Where needed, adhesives are avail- 
able to bond SILVATRIM® to most plastics. 
Available in a wide choice of finishes . . . SILVATRIM® comes in: 
e Satin or Bright Brass, Gold, Copper or Chrome. 
e@ Woodgrain, Marble, Glitter patterns . . . a perfect match for clad 

vinyls, high and low-pressure laminates. 
@ Any solid color, whatever your needs. 
Choose from hundreds of stock cross-sections or we can create a 
new shape from your blueprint specifications. Rigidly quality-con- 
trolled, SILVATRIM® is shipped in coils or exact lengths, eliminating 
waste. Complete fabrication facilities are available for cutting, notch- 
ing, drilling, mitering, forming, punching, etc. 


See for yourself . . . write today for samples and instructions on how 
easily SILVATRIM® can be applied. 
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Swealim mouldings 
















Read any good 
literature lately? 


There’s a particularly striking page in 
every issue of Modern Plastics Encyclo- 
pedia . . . that refers to a wide variety 
of pamphlets, brochures and other manu- 
facturers’ literature all carefully de- 
scribed in 12 informative pages—and all 
yours without any charge. 


All you have to do is circle the items 

you want, fill in the reply card and mail. 

You'll get the new literature you want 
. pronto, 


A Service of 


MODERN PLASTICS 


A Breskin Publication 
770 Lexington Avenue « New York 21, N.Y. 











Around the Corner... Around the Country 


America’s largest Plastic Suppliers 
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quality PLASTICS 
SHEETS » RODS + TUBES + FILMS 


20 SUPPLY CENTERS TO SERVE YOU 


Get finest quality 
Cadco-manufactured 
NYLON + TEFLON « DELRIN « LEXAN 


Plexiglas®- Fiberglas®+ Polyethylene 
Cements + Styrenes + Vinylite®- Acetate 
Mylar®- Resins + Butyrate - Acrylics 


Cadco precision and quality controls 
assure finest plastic materials—best 
performance for every application. 


Write for newest Cadco Nylon, Teflon Brochures— 
General Catalog and Prices 





Complete Plastic Stocks 
Ready for Immediate Delivery 
from 20 Warehouses Coast-to-Coast 


@ Detroit, Mich. 
@ Grand Rapids, Mich. 
@ Chicago, Illinois 
@ Cleveland, Ohio 
@ Cincinnati, Ohio 


@ Indianapolis, Ind. 
@ St. Louis, Mo. 

@ Kansas City, Mo. 
@ Minneapolis, Minn. 
@ Los Angeles, Calif. 


@ Dayton, Ohio @ So. San Francisco, Calif. 
@ Columbus, Ohio @ Oakland, Calif. 

@ Toledo, Ohio @ Dallas, Texas 

@ Akron, Ohio @ Fort Worth, Texas 


@ Milwaukee, Wis. @ Houston, Texas 


Cadillac plastic & chemical company 4cadeo 


15111 Second Avenue/f Detroit 3, Michigan 


PLASTICS 


Olvlstos of Dayco Corporation (formerty Osyton Rubee) 7. 
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Perforating 
and Slitting 


—on all types of flexible materials, 
rigid sheets, and foam. 


plastics 


cotlophane | jf] Sheets and rolls 


paper 


tobrics | Up t0 72” wide 


rubber 


Whatever your perforating needs, Penronat- 
inc Inpustries has the specialized equip- 
ment and know-how to handle the job. Rely 
on us if you're looking for quality workman- 
ship, prompt delivery, and fair pricing. 

For a quick quotation, write to us and in- 
clude the width, gauge and quantity of ma- 
terial you want perforated—and at the same 
time, ask for your free copy 
of Catalog #57. 





Pertorating 


<) 
industries, Inc. 5 
603 Commerce Road, Linden, New Jersey -W Abash 5-0350 











JUST FINISHED!... to tess THAN ONE MICROINCH' 


Mi taloteliamm-lelelica 2-lae, 


Improved production tech- 
niques and advanced pre- 
cision equipment are com- 
bined with craftsmanship 
and experience, in Hard- 
krome plating* and mirror 
finishing large casting, pol- 
ishing and laminating rolls. 
Profilometer readings of .5 
microinches are no longer 
unusual at the U. S. Metal 
Coatings Company. 


ene Ms PHONE 
ee! ELliot 6-414] 


Middiesex, New Jersey 


U.S. METAL COATINGS COMPANY 














a 


aby; 


Yy 
Wa FO 
& <—<TS SL 
—PLASTI-BRASS® PLASTI-KROME®=- 
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SHAPES, RODS, TUBES, FABRICATED PLASTIC EXTRUSIONS 


© 20 years precision custom work experience exclusively. 


® Cutting service, drilling, punching & forming. 


ANCHOR 
PLASTIC 
EXTRUSIONS 


to your 


J lero biter: baleli ty 


thi ‘“ 


PIS) se 


bright metal-like moldings 
——a yy eee 


Ne die charge on plain rods or tubes. Others 
usually $65.00—$200.00. 


40,000 sq. ft. plant, own tool room & fabricating dept. 


Let us quote on your requirements. Ask for Brochure. 


ANCHOR PLASTICS 


Company, Inc. 








36-36 36th St., Long Island City 6, N.Y. 212 RA 9-1494 
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SEE what” 


Brier mapa 200") 


TRANSPARENT TUBING 
can do for your product 


Extruded Tenite butyrate tubing in 
of sizes. Smallest is 0.0750” O.D. 
8”, wall thicknesses . 84 standard sizes in all . . 
custom sizes available on special order, Crystal clear, tough; highly 
machinable, highly dielectric, highly usable. Get the full story on 


this versatile plastics tubing . . . transparent BUSADA °'200."' Send 
for descriptive brochure today. 


BUSADA MANUFACTURING CORPORATION 


Specialists in Transparent Plastics Tubing and Pipe 
32-27 Downing St. @ Flushing 54, N. Y. © LEnox 9-3431 


an exceptionally wide range 
x 1/16” . . . O.D.'s go up to 
mo Wr. 's i 








7 
n> Gre Ri cyk 
Pioneers in satoktilatial 


ce 1924 


ASS INC. 


Vacuum Forming 


Crystal Clear— 
BUTYRATE Gauges .001 to .125 
VINYL—Rigid Gauges .002 to .030 
VINYL—Flexible Gauges .001 to .030 
POLYETHYLENE Clear, Black, White 
"Poly-Wrap”’— For Over-Wrap 
"Poly"— For Skin Packaging 





NATIONAL USERS 


Kirsch Mfg. Co. ¢ Maclanburg-Duncan Co. 

Auburn Rubber Co. © Boeing Aircraft 

Ace Comb ¢ American Packaging 
Tootsie Toys ¢ U.S. Gypsum 


ne or Write for Information and Samples 


1100 N. CICERO AVE., CHICAGO 51, ILLINOIS 
Phone CO 1-5200 








Our 
Plastic 
Sheeting 
is 


Let Laminations, Inc., tailor its big Linc sheeting to your special- 
ized needs! 


Flawless-surfaced Linc sheeting is made in widths from 48” to 
54” and lengths from 120” to 144” . . . in 10 mil to 1” thicknesses 
.. . of polyvinyl chloride and rigid vinyl. 


You can obtain Linc Sheets with pressed polished or matte finishes 
on both sides—or in combination, with one side press polished 
and the other side matte. Only a bare minimum of trimming is 
required. 


To find out more about our big Linc sheets, just send us a brief 
outline of your intended application. 


AVAILABLE FROM STOCK 
@ Clear and colored sheeting—High and Low Impact PVC in 50” x 120” Sizes. 
@ PRESS POLISHED sheets for graphic arts applications, in sizes up to 54” x 120”, 


@ EMBOSSED sheets for structural and decorative uses, in sizes up to 48” x 144”. 


@ LAMINATED sheets with paper, fabric and other embedments, in sizes up 0 
54” x 120”. 


LAMINATIONS, INC. 


1008 South Irving Avenue Scranton 5, Pennsylvania 
Diamond 3-7921 
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NIXON-BALDWIN — for superior thermoplastics 


vecialists in calendering, extrusion and block techniques. 
ing these three methods, the new Nixon-Baldwin can 
fer you vast experience in these thermoplastics - 


NEX CELLULOSE ACETATE BUTYRATE 
ID VINYL CELLULOSE NITRATE 


RENE POLYPROPYLENE 
POLYETHYLENE 
POLYCARBONATES 


LULOSE ACETATE 


radename of Nixon-Baldwin Chemicals Inc 


This experience is increasingly called upon to give your 
package or product a better appearance and more en 
durance — all important factors in the more and more 
critical standards demanded by today’s markets. 

Five generations of plastics technology is yours for the 
asking — anything from toys to tool handles, spectacles 
to shoes, packages to pianos. 

Nixon-Baldwin The Material Difference 

in Plastics Progress 


Lcon-baldwin chemicals ine. Nixon, N. J. — 
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TO TAME YOUR TOUGHEST PACKAGING PROBLEMS! 


™ ACLA 


“* Fluorohalocarbon Films 














From the fluorine research laboratories of Allied Chemical comes 
Aclar—an amazing new family of fluorohalocarbon films. Aclar films provide the ultimate 
in moisture vapor barriers—plus transparency, unique impact strength, and flexibility. 
How can you use this remarkable combination of properties? 


cu J 





Seal moisture out—seal moisture in... mois- Are crystal clear . . . permitting transparent 
ture absorption is virtually zero! Protect products against oxidation packaging of moisture-sensitive products, 


Are serviceable over a 
wide temperature range 
Are t-o-u-g-h . . . with amazing resistance to ... retaining many useful properties from as Are sterilizable by steam, irradiation or chem- 
impact, tearing, abrasion, low as —320°F to as high as +390°F. ical means! 





For technical data and other information 
to help you evaluate Aclar films for your 
most difficult packaging problems, write or 
phone Film Department, General Chem- 
ical Division, Allied Chemical Corporation, 
40 Rector Street, New York 6, N.Y. 


é 
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' 
hemical 
Are truly thermoplastic .. . can be heat Are unaffected by almost all chemicals, sol- 
formed, heat sealed or heat laminated using vents, and oils. Inert to harshest inorganic [ 
conventional thermal methods. acids, alkalies and most organic compounds. 


GENERAL CHEMICAL DIVIS'ON 


40 Rector Street, New York 6, N. Y. 
*Trademark of Allied Chemical Corporation 
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At For,wacuum forming % lighting * ) packaging a drafting tools + tan! 
efi =r liners ¢' duct work ¢ promotional material’ ‘¢ credit eards ¢ multitudes ' 
gh of ether uses. In any gauge from .005 up. In clear and matehed colors. . 
e Exceptional dimensional stability. Small amount of: residual stress... 


t RUBBER CORPORATION OF AMERIGARG, 


EaBY /RELIABLE/ RC eer ye INDUSTRY since tind ¢ coils sa pte HICKSVILLE 7, N.Y. /SALES OFFICES: a ee re 








FILLERS & 
REINFORCEMENTS 


Fillers for molding compounds 
Fibrous glass reinforcements 
Asbestos reinforcements 
Synthetic and cellulosic fibers 


Sisal fibers 





Fillers 


ADVERTISERS INDEX 


(LISTINGS DO NOT NECESSARILY COVER ENTIRE LINES OF ADVERTISERS NOR ALL PRODUCERS IN EACH CATEGORY.) Reinforcements 


ASBESTOS FILLERS 
Asbestos Corporation of America 
Lake Asbestos of Quebec, Lid. ..............scceecsvcsecceuees 587 | 


Powhatan Mining Company 
Raybestos-Manhattan, Inc., Reinforced Plastics Dept. ........... 


COTTON FILLERS 


Claremont Flock Corporation 
Piperiin, Tees Ta i ei Fs SRG. oh RR RE WRT 572 


FIBROUS GLASS REINFORCEMENTS 
Ferro Corporation, Fiber Glass Division 
Fiber: Giess Eien, Ene. 6 .iaids acs... cece ee ees 
Wuigite: Pubeiats Bi a ss ds Fe Ci Sion so ee HI 
Hess, Goldsmith Fiberglass Fabrics and Tapes Div., 
Burlington Industries 
Johns-Manville, Fiber Glass Products 
DEEeane Da Ne ocd tin case Go cc ea cs ccc papdeces Mabe oe thee 578 


Pittsburgh Plate Glass Company, 
SE, Uns ic ed'y cane taas se vss cack tO Cher aeete 586 


MINERAL FILLERS 

Diamond Alkali Company 

English Mica Co., The 

Georgia Kaolin Company 

PS TE SAB aio cs on da oe CALS cv sv > sap ne eee es 


REINFORCING MATERIAL 
CID. . occ kcdttnncaebis wadinn’ tabidechss.0sncttnd ein bs 
nes Wa Re oo. dias cad ie's « habia ame aee naay ss 
Pittsburgh Plate Glass Company, 

BR rr re er 
Troy Mills, Inc., 

eanatatel Poms 600i kbs 65s 0 on a Cepeda swans 569 
SISAL FILLERS 
Standard-Union Fibre Company 


WOOD FLOUR 


Wilner Wood Refinery, 
A Div. of Wilner Wood Products Company 





Fillers for molding compounds 


By RAYMOND B, SEYMOUR® 


F ers vary widely in avail- 
ability, cost, composition, physical, 
electrical, and chemical properties. 
The choice of fillers in the formu- 
lation of molding compounds is 
usually governed by the end-use 
application. Thus, dark fillers can- 
not be considered where light- 
colored molded parts are required, 
unless large quantities of white 
pigments are used. Likewise, cal- 
cium carbonate could not be used 
in a chemical-resistant grade 
molding compound because it is 
not acid resistant. Recent studies 
have shown that the utility of 
fillers can be increased through a 
better understanding of the funda- 
mentals of reinforcement. Surface 
treatment of fillers has shown con- 
siderable promise. 

Because some fillers cost less 
than the resinous portion of the 
molding compounds, they are 
sometimes considered solely as ex- 
tenders. This is contrary to Dr. 
Baekeland’s original conclusions 
relative to the importance of fillers 
(wood flour) in overcoming brit- 
tleness. Also, those who have paid 
$10/lb. for a mixture of phenolic 
resin and quartz filler recognize 
that fillers are functional materi- 
als whose specific contributions to 
the qualities of molding powders 
are not necessarily based on eco- 
nomics. 

Fillers are essential for the pro- 
duction of strong moldings of 
compositions based on _ allylic, 
epoxy, melamine, phenolic, or 
urea resins. They reduce crazing, 
shrinkage, coefficient of expansion, 
and porosity. The surface appear- 
ance, strength, resistance to envi- 
ronment, and moldability can be 
improved by the proper selection 
and use of fillers. 

Fillers may constitute over 90% 
of the mixture, as in the case of 
shell and wood waste moldings. 
As little as 2.5% phenolic resin 
can be used to bind the sand par- 
ticles in the shell molding process. 
Since permanence and high 
strength are required for moldings 


*Chairman, Department of Chemistry, Sul Ross 


State College, Alpine, Texas 


from mixtures of wood waste and 
resin, about 10% resin is used. 
These products do not have the 
flow properties of so-called mold- 
ing compounds but they are of 
great importance for the produc- 
tion of economical and strong flat 
or shallow structures such as 
panels, bowls, toilet seats, etc. 
Certainly the flow is sufficient for 
decorative panels and components 
for household furniture. 

Actually, large proportions of 
fillers to resin are preferred for 
ultimate physical properties. The 
optimum amount of resin would 
be that required to coat the sur- 
face of the filler. However, for 
practical reasons, about equal 
parts of resin and filler are used. 
Modern production cycles of less 
than 2 min. would be impossible 
without the controlled flow and 
rapid cure provided by high resin 
content, Yet, this means a sacri- 
fice in ultimate strength. 

Regardless of the proportion of 
resin and fillers, the strength is 
dependent on the type of filler. 
However, only a small percentage 
of the optimum strength is attain- 
able under present molding condi- 
tions. 

The connotation that fillers are 
cheap extenders has handicapped 
their use and delayed important 
improvements of fillers and com- 
positions containing them. A con- 
sideration of these compositions as 
aggregates and binders has pro- 
vided a better understanding of 
the role of each component. 

Most reinforcing fillers are fi- 
brous in nature. Non-fibrous cal- 
cium carbonate (chalk), mica, 
clay, diatomaceous earth, and pig- 
ments are also used to some ex- 
tent. With the exception of asbes- 
tos and glass, the fibrous fillers 
are usually organic compounds. 
The non-fibrous fillers are usually 
inorganic compounds. In spite of 
their lack of fibrous nature, the 
surface and physical form of these 
fillers is of great importance in 
their utility. A classification based 
on this distinction is shown in 
Table I, p. 557. Each of these fillers 


will be discussed as to form and 
function in this article. Some of 
the properties and costs that may 
be anticipated in molding com- 
pounds through the proper selec- 
tion of fillers are outlined in 
Table II, p. 558. 


Cotton flock 


Cotton flock is usually obtained 
by processing cotton clippings or 
by the caustic purification of cot- 
ton linters. Molding compounds 
having medium impact resistance 
values can be produced by re- 
placing wood flour with cotton 
flock. The use of cotton flock filler 
increases the bulk factor. How- 
ever, recent developments have 
shown that a high bulk factor is 
not essential to eotton flock-filled 
plastics. The impact values may 
be varied in accordance with the 
proportion of cotton flock to other 
fillers used. One of the most 
widely used products of this type 
has an Izod impact resistance of at 
least 0.6 ft. Ib./in. of notch. 

Flock-filled phenolic parts have 
good appearance and are usually 
brown or black in color. Other 
colors are obtained readily by 
spraying the molded parts with an 
epoxy resin-based coating con- 
taining a pigment of the desired 
color. 

These products meet the re- 
quirements of military specifica- 
tion MIL-M-14F CFI-5. The cost 
of molding powders will vary with 
the flock content. Those with 100% 
cotton flock cost only a few cents 
a pound more than general-pur- 
pose material. Thus, since molding 
costs are fixed to a certain degree, 
molded products with superior 
impact values can be obtained at 
a very small premium over the 
cost of general purpose materials. 
Free-flowing molding powders 
have been obtained by using 
blends of wood flour and cotton 
flock as filler. The water absorp- 
tion of cotton flock-reinforced 
plastics has been reduced by sur- 
face treatment of the filler before 
compounding. Plastics reinforce: 
with cord have superior resistanc: 


FILLERS AND REINFORCEMENT 





to impact. Cellulose-filled allylic 
iolding compounds are classified 
as DAP 300655 by the Society of 
the Plastics Industry (S.P.1.). 


Shell flour 


Shell flour is obtained by grind- 
ing walnut, pecan, or peanut 
shells. Walnut shell flour contains 
a wax called cutin which contri- 
butes to gloss, luster, and moisture 
resistance of molding compounds. 
Shell flour also contains lignin and 
furfural which aid plastic flow and 
permit a reduction in resin con- 
tent. 

These fillers are spherical and 
lack the fibrous structure of wood; 
they yield molded parts with 
slightly lower resistance to im- 
pact and with lower shear 
strength. These products, as well 
as residues from furfural manu- 
facture, may be used as extenders 
for resin adhesives in the plywood 


industry. 


Wood flour 


Most of the wood flour used as 
filler for molding compounds is 
obtained by attrition-type grind- 
ing of softwoods such as Douglas 
fir, Norway fir, ponderosa pine, 
spruce, poplar, basswood, and cot- 
tonwood. Softwoods with high 
resin content are not desirable. 
Only mature (heartwood) should 
be considered. Many hardwoods 
yield dark-colored moldings. In 
the grinding process, it is essen- 
tial that contamination from 
knots, bark, and resin spots be 
held to a minimum and that pul- 
verizing be avoided. 

The extent of contamination 
from knots, ete., can be deter- 
mined by extracting with acetone. 
The residue from the acetone 
solution should represent less than 
0.2% of the total wood flour. It is 
also important that the moisture 
content be less than 8% and pref- 
erably not over 5 percent. 

Mesh sizes as high as 200 mesh 
have been used in order to obtain 
smoother finish. However, photo- 
micrographs will show that fibrous 
structures can be destroyed by 
grinding to very small particles. 
Compromises with mixtures yield 
mooth surface and good strength. 

Wood flour has been used widely 

1 phenolic molding compounds 

nd to a small extent for dark 

paque urea molding compounds. 


LLERS FOR MOLDING COMPOUNDS 


Since the selection of other mold- 
ing compounds is usually based on 
properties not characteristic of 
wood-filled compounds, other fill- 
ers are used for formulation of 
compounds outside the general- 
purpose classification. 

Wood flour-filled phenolic mold- 
ing compounds have an Izod im- 
pact value of about 0.3 ft. Ib./in. 
of notch. They are described as 
CFG under military specification 
MIL-M-14F. These products are 
classified as PF 29026 by the 
S.PI. and as type 2 by the 
American Society for Testing Ma- 





TABLE I: Types of fillers for 
molding compounds 





Organic fillers 


A) Cellulose derivatives 
1) Ground flour 
a) Softwood flour 
(e.g., pine) 
b) Hardwood flour 
(e.g., maple) 
c) Shell fiour 
(e.g., walnut shell) 
Cellulosic fibers 
a) Cotton flock 
b) Alpha-cellulose 
c) Sisal fiber 
Comminuted cellulose 
a) Chopped paper 
b) Diced resin board 
c) Crepe paper 
d) Pulp preforms 
e) Textile by-products 
(e.g., macerated fabric) 
Lignin and lignin-extended 
fillers (including ground bark) 
Protein fillers 
1) Protein meal 
(e.g., soybean meal) 
2) Keratin (e.g., ground 
feathers) 
Nylon, Orlon, and Dacron filler 
Carbon fillers 
1) Graphite 
2) Carbon black 


Inorganic (mineral) fillers 


Asbestos 

Mica 

Quartz 

Silica 

Glass flake 

Fibrous glass 

Diatomaceous earth 

Clay 

Calcium silicate (wollastonite) 
Calcium carbonate (chalk) 
Miscellaneous: barium sulfate, 
litharge, silica, etc. 





terials (A.S.T.M.) under tentative 
specification D-700-55T. Wood 
flour chars when heated above 
325° F. and hence wood-filled 
plastics must not be used for long 
periods at high temperatures. 


Alpha cellulose 


Alpha cellulose is white in color 
and is used as a filler for light- 
colored urea and melamine mold- 
ing compounds. This filler is pro- 
duced by a special alkaline treat- 
ment used in the manufacture of 
wood pulp. Molded products with 
alpha cellulose filler have impact 
values lower than those of wood 
flour-filled phenolic compounds. 

Alpha cellulose as a filler per- 
mits increasing the hardness of 
many thermoplastics without in- 
creasing specific gravity. Alpha 
cellulose-filled plastics are readily 
processed and have low mold 
shrinkage. Water absorption of 
the finished product is reduced 
through the use of surface-treated 
filler. This type filler has consid- 
erable potential in the rubber and 
plastics industry. 

The arc resistance of filled urea 
and melamine molding compounds 
is superior to that of phenolic ma- 
terials but this is essentially a 
property of the resins rather than 
fillers. Urea molding powders are 
described as grades 1 and 2 by 
A.S.T.M. and UF 27026 by S.P.I. 
The corresponding alpha cellu- 
lose-filled melamine compounds 
are classified as A.S.T.M. types 1 
and 7 and S.P.I. No. MF 26025. 
There are many instances where 
performance justifies the use of 
cellulose instead of wood flour, but 
economics, long term acceptance, 
and availability favor the latter 
type filler. 


Sisal fibers 


Sisal fibers 2 to 5 ft. long and 
0.005 to 0.020 in. in diameter are 
obtained from the leaves of the 
tropical shrub agave. It is cus- 
tomary to chop these fibers in % 
to % in. lengths for use in mold- 
ing powder. These fibers may be 
used alone or with wood flour for 
inexpensive molding powders with 
moderate impact resistance. 


Chopped paper 
Molding powders with paper 
fillers are usually produced from 
sheets of paper impregnated with 
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TABLE Ii: Comparative properties of molding compounds with various fillers* 














Impact Specific Moisture Mold Mold- Chemical Resistance 

Filler resistance Cost gravity resistance shrinkage ability Color resistance toheat Total 
100-mesh pine 5 9 9 6 8 10 9 5 6 66 
80-mesh fir 6 9 9 6 8 10 8 5 6 66 
100-mesh walnut shell 4 9 9 7 6 10 7 5 6 63 
Cotton flock 7 3 9 5 8 8 8 4 6 58 
Alpha-cellulose 6 4 9 4 8 10 10 4 6 61 
Macerated fabric 8 2 9 5 8 6 6 4 6 54 
Fir bark 5 10 9 6 7 10 7 5 6 65 
Soybean meal 3 10 9 3 6 7 7 3 5 53 
Nylon 7 1 10 6 1 6 8 4 6 49 
Dacron 9 1 10 6 5 7 9 6 6 59 
Orlon 9 1 10 6 5 7 9 7 5 59 
Carbon black 1 5 5 9 8 6 1 7 7 49 
Asbestos floats 6 8 4 9 9 8 7 7 8 66 
Mica 3 6 4 10 9 4 9 7 7 59 
Quartz 4 1 5 10 9 7 9 9 10 64 
Diatomaceous earth 3 6 5 9 9 5 9 7 7 60 
Chalk 3 10 4 9 9 3 10 7 8 63 
Glass fiber 10 1 4 9 9 4 6 7 9 59 
Sisal fiber 6 8 9 5 4 8 9 4 6 62 
No filler 2 5 10 3 3 2 5 7 5 48 
*Index values from 1 to 10 have been assigned, with 10 being most desirable. Values have been given equal weights in arriving at totals. 





resin. The dried impregnated sheet 
is then cut into fragments. Dried 
resin board is made from sheet 
stock based on a process using a 
suspension of pulp and resin. 


Soybean meal 


This product is produced by 
grinding the bean residue after the 
extraction of oil. The partial re- 
placement of wood flour by soy- 
bean meal or agricultural waste 
residues decreases the moisture 
resistance of molded parts. Treat- 
ment of the soybean meal with 
formaldehyde improves resistance 
to moisture. 


Lignin fillers 


Lignin fillers are obtained by 
grinding the bark of Douglas fir 
trees or by extending wood flour 
with a derivative of lignosulfonic 
acid, Lignin is the natural binder 
for cellulose in trees and may be 
used as a partial replacement for 
resin in molding powder. 

The use of these fillers has been 
proposed for molding powders 
with long flow. These dark-colored 
fillers with small percentages of 
resin have been used in wood 
waste type molding. Some prod- 
ucts have been molded from sim- 
ple mixtures of lignin filler and 
derivatives of lignosulfonic acid or 
furfural. Hydrolysis of wood by 









steam yields fillers which require 
the use of less resin for molding 
compositions. 


Macerated fabrics 


Macerated fabric is produced by 
cutting various types of clean cot- 
ton cloth into small pieces. As in 
the case of moderate impact ma- 
terials, various impact values can 
be obtained in accordance with 
filler content in molding com- 
pounds of this type. Military spe- 
cification MIL-M-14F includes 
CFI-10, CFI-20 and CFI-40 with 
minimum Izod impact resistance 
values of 1.0, 2.0 and 4.0 ft. Ib./in. 
of notch respectively. CFI-20 cor- 
responds to A.S.T.M. Class 5 and 
S.P.I. Class PF29006. The higher 
impact-resistant materials corres- 
ponding to A.S.T.M. Class 6, S.P.I. 
Class MF30058, and A.S.T.M. Type 
3 (D704-56T), contain chopped 
cotton cloth filler. 

Products with macerated fabric 
filler have a high bulk factor. The 
molding powders are not free- 
flowing and are usually preformed 
before use. Products correspond- 
ing to CFI-20 are also available 
as flame-proof compositions meet- 
ing the requirements of military 
specification MIL-P-10420 Class 
5. In some instances, the textile is 
impregnated with resin and dried 
before maceration. The use of 





chopped cotton cord as a filler 
yields the highest impact for this 
type molding compound. 

Possibly because of the intro- 
duction of many new plastics, new 
processing techniques, and meth- 
ods, the average molder forgets 
the many advantages of the high- 
impact work-horse of the plastics 
industry. A properly publicized 
announcement of a new product 
having the properties described by 
CFI-20 would cause a sensation 
in the molding trade. Yet products 
with these properties have been 
available for years at unusually 
low prices. They can be used 
satisfactorily in many applications 
where higher-priced molding 
compounds have been used in- 
judiciously. This same construc- 
tive criticism applies to combina- 
tions of newer resins and fillers. 
Sometimes the same filler yields 
better results with older resins. 


Synthetic fibers 


Because of fifty years of excel- 
lent service from general purpose 
and cellulose-filled phenolic mold- 
ing compounds, there is little in- 
centive for using synthetic fiber 
with these resins. Obviously, de- 
velopments of this type have been 
associated with newer products 
with better profit margins. 


Reinforced phenolic molding 
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compounds filled with nylon 6/6 
are available. Nylon 6/6 is sup- 
plied both as a flock and as a 
chopped fabric. Nylon-filled phe- 
nolic molding compounds are 
tough but exhibit greater shrink- 
age during molding than general- 
purpose phenolic. While objecting 
to inherent dark colors, those ex- 
perienced in molding thermoplas- 
tic appreciate the freedom from 
cold flow in these modified nylon 
products. Nylon-filled plastics 
have superior resistance to mois- 
ture, mold growth, and dielectric 
breakdown, The blending of ther- 
moplastic fibers with a thermo- 
setting resin, of course, yields a 
product that cannot be classified 
as either a thermoplastic or ther- 
mosetting plastic material. Yet 
gears made from these products 
have been classified by some users 
as wearproof. The addition of 
molybdenum disulfide produces 
interesting effects. 

Chopped fibers of Dacron (poly- 
ester) and Orlon or Dynel (acry- 
lic) are available commercially. 
Military specifications have been 
developed for allylic molding com- 
pounds with these fillers. S.P.I. 
Classifications DAP 22054 and 
DAP 26174 are for Orlon- and 
Dacron-filled allylic molding com- 
pounds. This type product is also 
described as Type II by A.S.T.M. 
designation D-1636-59T. 

Military specification MIL-M- 
14F describes Orlon-filled allylic 
molding compounds as SDI-30. 
These products have minimum 
Izod impact values of 0.5 and 0.3 
ft. Ib./in. of notch respectively. 
Allylic molding compounds, like 
urea and melamine products, have 
electrical properties that are su- 
perior to phenolic molding com- 
pounds. 


Carbon 
Carbon black exhibits little re- 


inforcing action in molding com- 
pounds and contributes toward 
brittleness as well as dark color. 
In some instances, carbon black is 
specified as a pigment in place of 
black organic coloring materials. 

Carbon-filled resins have ex- 
hibited conductance in accordance 
with the amount and type of car- 
bon black used. Products filled 
with graphite and acetylene black 
are better conductors than those 
with channel or furnace black. Be- 
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cause graphite-filled _ products 
have good lubricity, they are used 
for moving parts such as casters 
and bearings. 

Because it has an adverse effect 
on the curing rate with peroxy 
catalysts, carbon is seldom used 
as a filler in allylic or polyester 
molding compositions. In contrast, 
because of its stabilizing action 
against the effects of sunlight, 
weathering, etc., it is used ad- 
vantageously as a filler in dark 
polyethylene molding composi- 
tions. It is also used with buta- 
diene-styrene copolymers. Its re- 
inforcing effect on natural and 
synthetic rubber is well known. 
Much can be learned from studies 
on carbon-filled rubber com- 
pounds, 


Asbestos 


Chrysotile asbestos is a natu- 
rally-occuring fibrous hydrated 
magnesium silicate. It varies from 
Y% in. to 1 in. in length and in 
diameter from microscopic size to 
fine fibers. When the fibrous struc- 
ture is retained, plastics filled with 
asbestos exhibit good mechanical 
strength. Regardless of the fiber 
length, asbestos-filled molding 
powders have good heat resistance 
and electrical properties but are 
inferior to quartz-filled products. 

Asbestos, both in the fibrous 
form and as “floats,” has been used 
as a filler for allylic, epoxy, mela- 
mine, phenolic, polyester, silicone, 
and vinyl resins. Military specifi- 
cation MIL-M-14F describes as- 
bestos-filled phenolic molding 
compounds as MFE (electrical 
grade), MFG (heat-resistant), 
MFI-10 (medium-impact), and 
MFI-20 (high-impact). The latter 
has an Izod impact value of 2.0 ft. 
lb./in. of notch. This type product 
is described by A.S.T.M. as Type 
7, 8, 9, and 10. S.P.I. lists PF 27034 
and PF 29034 for this type prod- 
uct. A comparable material based 


on a silicone resin is described as 
$50023. 


Keratin products 


Substances such as feathers, 
hoofs, or hog bristle are usually 
calcined before use as fillers. In 
addition to being advocated as a 
partial replacement for wood flour, 
purified keratin has been used as 
a filler for translucent urea mold- 
ing powder. The molded products 


are said to be less brittle than 
those obtained from alpha cellu- 
lose-filled compositions. They may 
be drilled and tapped without 
cracking. 


Products having excellent elec- 
trical properties and good heat re- 
sistance are obtained when ther- 
mosetting resins are filled with 
mica. This filler is obtained from 
the mineral muscovite and is a 
complex potassium aluminum sili- 
cate. 

Mica is compatible with and 
readily wetted by most resins. 
Some of the specifications requir- 
ing electrical grade compositions 
such as S.P.I. Type PF 23034 and 
A.S.T.M.-designated D-700-55T 
Type 8 can be met with mica- 
filled products. 


Quartz 


Because few materials are as re- 
sistant to destruction at extreme 
temperatures, the use of quartz- 
filled phenolic molding compounds 
has been considered for nose cones 
and rocket motor insulation. 

Under these unusual service 
conditions, quartz-filled molding 
compounds have proved to be su- 
perior to products using other 
mineral fillers such as asbestos. 
There is some destruction of the 
surface of the plastic during short 
periods of exposure of the quartz- 
filled phenolic structures at tem- 
peratures in the order of 5000° F. 
Yet 75% of the thickness of a %- 
in.-thick section will retain much 
of its original properties and thus 
provide both insulation and 
strength in space age applications. 


Diatomaceous earth 


Mineral-filled products with a 
lower specific gravity than those 
containing asbestos and mica can 
be produced using diatomaceous 
earth as a filler. This product is an 
amorphous fossil consisting of the 
remains of diatoms. 


Silica is widely used when the 
resinous component is the minor 
constituent as in the bonding of 
foundry sands. Finely divided 
silica has also been used as a com- 
pounding ingredient for many dif- 
ferent plastics. 

Recent investigations have re- 





sulted in surface modification to 
provide selective absorption for 
specific resins, The surface active 
groups act as centers for the for- 
mation of continuous space struc- 
tures resulting from the orienta- 
tion of compatible groups on the 
polymer chains of specific resins. 


Clay 


Clay is a very finely divided 
hydrated aluminum silicate, 
usually light in color. It has been 
used as a filler in allylic, polyes- 
ter, alkyd, and epoxy resin mix- 
tures. Physical properties of 
moldings from these compositions 
are not as uniform as with other 
fillers. Apparently the incon- 
sistencies are associated with dif- 
ferential wetting of the clay par- 
ticles by the resin. 

Resin-treated hydrated alu- 
minum silicate pigment is more 
compatible with resins and is used 
in amounts up to 40% of the resin. 
The clay occurs naturally as a 
mixture of plates and stacks. Re- 
fined fractions with a high pro- 
portion of stacks contribute to 
water resistance and improved 
physical properties of the molded 
parts. Clay filler is also used in 
vinyl resin compositions. 


Glass flake 


Thin flakes are obtained when 
molten type E glass is blown into a 
tube. Molded products containing 
this close-packing type filler have 
good strength and good moisture 
resistance. Blends of glass flake 
and other fillers have shown 
promise when various resins are 
used as binders. 


Fibrous glass 


Continuous filaments are ob- 
tained when molten glass is passed 
through a small orifice. These fila- 
ments may be used to form rov- 
ings, mats, or woven glass textiles. 
The roving, mat, or textile may 
be impregnated with thermoset- 
ting resins. These glass-resin com- 
positions may be cut up to form 
moldable reinforced plastics. 

It is customary to cut the roving 
in definite lengths of % to % in. 
and to use these fibers when com- 
pounding resins. Fibrous glass 
filler contributes to stiffness and 
strength even at elevated temper- 
atures. 


The impact resistance will 


usually be dependent on the fiber 
length in the molded part. How- 
ever, extra long fibers may not 
give uniform results since they 
may not become oriented during 
molding. 

The strength and heat resistance 
are affected by the type of glass 
fiber and the treatment given its 
surface. Pure silica fibers are su- 
perior to asbestos and fibrous 
glass as reinforcements for phe- 
nolic compounds used at tempera- 
tures above 4000° F. 

Fibrous glass is available both 
in electrical and chemical grades 
in various diameters. It is im- 
portant that the proper grade, 
size, and fiber length be used for 
specific applications. 

Fibrous glass-filled phenolic 
molding compounds are specified 
under MIL-M-14F as GPI-100. 
This same specification describes 
SDG and GDI-30 for glass- 
filled allylic molding compounds. 
A.S.T.M. designation D-1636-597 
Types 1 and 3 also describe glass- 
filled allylic molding materials. 
High-impact glass-filled polyester 
molding compounds are described 
by Type 6 A.S.T.M. designations 
D-1201-59T. 

S.P.L. classifies glass-filled ther- 
mosetting molding compositions 
under the following types: allylic, 
OAP 35057; polyester alkyds, EA 
40806; melamines, MF 40406; and 
silicones, S 50033 and S 50304. 


Calcium silicate 


High concentrations of a natural 
occurring calcium silicate (wol- 
lastonite) have been used in poly- 
ester molding compounds. This 
fluffy acicular product is white 
and provides smooth white sur- 
face and low water absorption. 
Wollastonite has also been used as 
a filler with other thermosetting 
resins. Types 1 and 3 described by 
A.S.T.M. designation D-1201-59T 
may contain fillers of this type. 


Calcium carbonate 


Ground chalk has been used as 
an inexpensive pigment and ex- 
tender for many years. However, 
its full utility has not been real- 
ized. In spite of its lack of re- 
sistance to acids, calcium carbon- 
ate can improve the physical 
properties of many plastics. 

Coarse powders may function 
as diluents and amorphous forms 


of calcium carbonate may de- 
crease tensile strength. Yet crys- 
talline calcium carbonate fillers 
have many advantages. Plastics 
containing this fine crystalline 
calcium carbonate have superior 
tensile strength and excellent mar 
resistance. Blends of glass fiber 
and calcium carbonate have been 
used for the reinforcement of 
polyester resins. 

Calcium carbonate is particu- 
larly effective as a filler for ther- 
moplastic compositions. Small 
amounts increase resistance to 
cold flow and also improve tough- 
ness when added to polyethylene. 
Surface-treated fillers give su- 
perior performance. 


Miscellaneous 


Various fillers have been used 
with both thermoplastic and ther- 
mosetting molding compounds. 
X-ray opaque products have been 
made with barium sulfate filler. 
Water soluble fillers have been 
used to form lightweight cellulose 
products by water extraction of 
the filler after molding. 

Titanium dioxide has been used 
as both pigment and filler. Ex- 
pandable fillers such as perlite and 
lightweight fillers such as cork 
have been used with epoxy and 
polyester resins. Carborundum 
and powdered metals have also 
been utilized as fillers. When the 
filler is the major component, the 
finished product may have many 
of the properties of the filler. 
Combinations of Carborundum 
and epoxy resins have outstand- 
ing resistance to surface abrasion 
in many applications. 
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Fibrous glass reinforcements 


By RALPH SONNEBORN* 


Gisss is used in a wide variety 
of forms as a reinforcement for 
plastics. The availability of many 
types of reinforcement makes 
possible great design latitude in 
strength, rigidity, cost, production 
methods, shape, size, and direc- 
tional characteristics. 

The basic fibers are, in general, 
the same for all the various forms 
—mats, rovings, yarns, or woven 
goods. These basic fibers are 
formed from a_ lime-alumina- 
borosilicate glass that is relatively 
soda-free; it is commonly referred 
to as “E” glass. “E” glass is used 
because of its great durability. 
The individual fibers (filaments) 
are made in several diameters 
from 0.00020 to 0.00100 inch. A 
low-soda glass (“C”) is used for 
surfacing and overlay mats. It is 
also a durable glass and was de- 
signed for resistance to strong 
acids, 

Military requirements have dic- 
tated preliminary development ef- 
forts on glasses having especially 
high moduli of elasticity. These 
are expected to have significance 
in high-performance military ap- 
plications only. 

Fibers have many of the char- 
acteristics of bulk glass, but some 
properties are severely modified. 
Mechanical strengths are in- 
creased and the chemical resist- 
ance is reduced. The tensile 
strength of glass fibers is about 
400,000 p.s.i.; this value is inde- 
pendent of the filament diameter. 
Because of damage to the fibers 
during handling, the practical, re- 
alizable fiber strength on a com- 
mercial basis rarely exceeds 250,- 
000 p.s.i. The modulus of elasticity 
(E) is close to that of bulk glass— 
10,500,000 p.s.i. The modulus of 
resilience (the energy absorption 
characteristic) is increased a 
thousandfold by the fibrous form. 


Fiber surface 
The key to an understanding of 
the properties and processing 
methods regarding fibrous glass is 
held in the fiber surface. Glass is 
ens-Corning Fiberglas Corp., Granville, Ohio. 
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an inert material, but because of 
the extremely great ratio of sur- 
face area to volume (1 lb. of rov- 
ing has about 880 sq. ft. of sur- 
face), a proportionally small 
amount of chemical attack is mag- 
nified into significance. Therefore, 
a really clean surface is almost 
never realized in practice. 

A virgin fiber, at the moment 
of formation, is uncontaminated. 
However, within a few seconds, it 
has been superficially attacked by 
moisture from the air. When the 
glass is under load, this phenom- 
enon can cause what appears to be 
fatigue. However, fibers of glass 
show neither creep nor hysteresis 
at room temperature. 

Consequently, the surface must 
be prepared for acceptance of a 
resin in much the same manner 
that some metals must be primed 
before being painted. Glass sur- 
face treatments are discussed later 
in this chapter. 


Manufacture of basic fiber 


There are three basically differ- 
ent processes for manufacturing 
glass fibers: 1) steam or air blow- 
ing; 2) flame blowing; and 3) me- 
chanical pulling. Most fibers used 
for the reinforcement of plastics 
are made by mechanical pulling. 
The two blown-fiber methods are 
used primarily for the manufac- 
ture of air filters, insulating mate- 
rials, and staple yarns. 

All these processes depend upon 
a small electric furnace with a 
number of metering orifices in 
the bottom. Molten glass flows 
through these orifices and fibers 
are attenuated from the streams. 

Two methods are used to feed 
the raw glass: direct batch feed 
and marble feed. Direct batch 
feed consists of mixing the glass 
ingredients and melting them in 
a large gas-fired furnace. The 
molten glass then flows to the 
forehearth where it is brought to 
the proper temperature. Where a 
marble feed is used, the molten 
glass is rolled into small marbles 
which can be shipped to the fiber- 
forming plant. 


In the blowing processes, a jet of 
air, steam, or hot gas is directed at 
the molten stream. Short staple 
fibers are attenuated and become 
cool. Where extremely fine fila- 
ments are desired, a relatively 
thick “primary fiber” is mechani- 
cally pulled from the bushing and 
is in turn remelted and blown by 
a jet of extremely hot gas. 

The mechanical pulling method 
produces a continuous fiber by 
mechanically drawing a filament 
from the stream of molten glass. 
During the early stages of cooling, 
the stream is attenuated into fila- 
ments by being pulled at very 
high speeds in the order of 10,000 
ft./minute. Depending upon the 
pulling speed, the orifice size, the 
molten glass temperature, and 
other variables, the filaments have 
a diameter from 0.00020 to 0.00075 
inch, 

For efficient production, a num- 
ber of filaments are formed simul- 
taneously, one from each orifice. 
These filaments are collected into 
a bundle known as a “strand” at a 
gathering device where a surface- 
treating material called “size” is 
applied. Below this is a winding 
apparatus which winds the strand 
into a forming package. 

This basic forming package, 
often known as a “cake,” consists 
of one strand (usually made up 
of 204 filaments) wound onto a 
flexible tube. The forming package 
is rather delicate and hence is 
merely an intermediate product 
from which the shippable forms 
of glass are produced. 


Glass surface treatments 


The glass filaments are very 
susceptible to abrasion by one 
another. Consequently, imme- 
diately after forming, a lubricant 
must be applied. Also, it is neces- 
sary to bond the filaments together 
in the strand; otherwise, they 
cannot be handled in subsequent 
operations without becoming very 
fuzzy. Since resins do not adhere 
well to the glass, an intermediate 
material known as a coupling 
agent must be applied to provide 
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adhesion. Thus, the surface treat- 
ment must serve three functions: 
1) lubricant; 2) adhesive or bond- 
ing agent between filaments; and 
3) coupling agent (a primer). 

In the manufacture of yarns 
and woven fabrics, the glass is 
subjected to a great amount of 
abrasion. Consequently, the de- 
mands on the lubricant are great. 
It is unfortunate that the most ef- 
fective lubricants act as a deter- 
rent to the resin-to-glass bond. 
In the manufacture of these ma- 
terials, therefore, it is necessary 
to sacrifice the coupling action of 
the size in order to get sufficient 
lubrication action. As a result, 
molding resins will not bond well 
to the yarns and fabrics; it is 
therefore necessary to burn off 
(heat-clean) the size after the 
weaving is accomplished and then 
apply a coupling agent. This cou- 
pling agent is known as a “finish.” 
Two general types of finishes are 
used: silanes and “chromes”; the 
choice is dictated by the strengths 
required, the costs permitted, and 
the type of resin to be used 
(Table I, below). 


In the manufacturing of mats, 
rovings, and chopped strands, the 
fibers are not subjected to rigor- 
ous abrasion. In their processing, 
it is possible to apply a size that 
fulfills all three requirements. 
These sizes give good coupling ac- 
tion so that no heat-cleaning and 
finishing operation is required. 

These plastic-compatible sizes 
contain the same type of silane or 
chrome materials as used in the 
finishes. The amount and type of 
bonding agent and lubricant can 
be varied to give a range of 
“hardness” and “fuzziness.” 

Some sizes are designed for use 
with polyesters, and some for 
epoxies and phenolics. Thus, the 
first consideration when choosing 
a size is that of the resin to be 
reinforced. Beyond this, the de- 
sired texture of the strand is based 
on the molding process to be used. 


Rovings 

Rovings are a low-cost rein- 
forcement. They are used pri- 
marily in the preform process, 
and commonly in the manufac- 
ture of rod stock, as well as for 





TABLE I: Types and sources of finishes for fibrous glass* 





Finish Used with 


112 
(completely 
desized) 


Silicones 


111 


(partly 
desized) 


Melamines 


136 Polyesters, some 


silicones 
Volan A 
epoxies 
Polyesters 
114 Polyesters 
A-1100 


Garan 


melamines 
T-31 
NOL-24 
A-1T72 Polyesters, 
silicones 


General purpose 
General purpose 


Sources’ 


Atlas Asbestos Co. 

Coast Mfg. & Supply Co. 
Exeter Mfg. Co. 

Flightex Fabrics 

Fiber Glass Industries 

Hess Goldsmith & Co. 

J. M. P. Ott Mfg. Co. 

J. P. Stevens & Co. 

United Merchants Ind. Fab. 
Belding Corticelli Fiber Glass 
Clark-Schwebel Fiber Glass 


Same as above 


Same as above 


Polyesters, phenolics; 


Same as above 
Same as above 
Same as above 


Epoxies, phenolics, 


Same as above 

Same as above 

United Merchants Industrial 
Fabrics 

Sources of supply same as for 
Finish 112 


* This table was prepared by C. E. Hoover and R. Sonneborn, Owens-Corning Fiberglas Corp., 


S98 Madison Ave., New York, N.Y 


See Directory Index, p. 1060, for addresses of the companies listed. 





local unidirectional reinforcement. 
Several fabricators also use rov- 
ings for the manufacture of 
chopped strand mats, and some 
cut the rovings into fibers for 
molding compounds. 

Rovings are made from the 
fiber-forming packages. A number 
of continuous strands are wound 
on a tube to form a cylindrical 
package; the number of strands 
can be varied—usually 20 or 60 
“end” rovings are made. 

“Spun” roving is a lower-cost 
form. It consists of one single con- 
tinuous strand that is looped and 
wound into a roving-like form. 
Preforming of spun roving has 
been difficult because of a tend- 
ency to stay in clumps, but this 
has been largely overcome by 
changes in preforming equipment. 

Rovings specifically designed 
for use in spray-up processes are 
made with extra-easy cuttability 
and employ colored tracer strands 
that allow the operator to judge 
the amount he is applying. 

The recent increased impor- 
tance of filament winding proc- 
esses for manufacturing high- 
performance reinforced plastics 
parts has led to the development 
of a special series of rovings. 
These have special rigidly con- 
trolled “end-counts” and special 
attention is paid to maintaining 
uniformity of strand tensions. 


Chopped strands 

Strands can be cut into short 
lengths for use in the manufac- 
ture of molding compounds. They 
are made by passing continuous 
strands from the forming package 
through a cutter which chops 
them into predetermined lengths, 
usually from 0.5 to 2 inches. 
Available as bulk fibers, usually 
packed in bags, they are a low- 
cost form of reinforcement. 

Spun roving is also chopped into 
short lengths (“chopped spun”) 
for reinforcement in premixes and 
molding compounds. A_ special 
chopped strand known as HSI 
has recently been developed for 
use in premixes. Its greater re- 
sistance to abuse during mixing 
gives improved strength and sur- 
face to the molded part. 


Reinforcing mats 

Nonwoven mats are made of 
either chopped strands or swirlec 
continuous strands that are laid 
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own in a random pattern. The 

trands are held together either 

echanically by stitching or 

ieedling,” or by means of adhe- 
sive resinous binders. They are 
available in many thicknesses, 
usually described in terms of 
weight/sq. ft.; mats can be ob- 
tained in weights from 0.75 to 10 
oz./sq. foot. Mats are lower in cost 
than woven materials, but are 
slighily more expensive than bulk 
chopped strands or rovings. The 
cost will vary according to the 
weight and type of bonding 
method employed. 

The chopped strand glass mats 
are made from the basic forming 
package or from roving. The con- 
tinuous strands are cut to a pre- 
determined length (sometimes 
mixtures of length a.e employed) 
and are dropped or blown onto a 
chain conveyor. When resinous 
binders are used, the mat is passed 
through a curing oven after the 
binder is added and then onto the 
roll-up section of the machine. 
The mechanical needling for 
bonding, where used, is done im- 
mediately after formation of the 
mat. 

The mats made from continuous 
swirled strands are formed di- 
rectly from the fiber-forming 
bushing. The strand as it is 
formed is thrown on a moving 
conveyor. The binder is then ap- 
plied, and the mat is then passed 
through a curing oven where it is 
rolled. 

All these mats give essentially 
the same degree of reinforcement 
to plastics. Their major difference 
lies in their “handling” charac- 
teristics. Needled mats are soft 
and drapable and are available in 
heavy weights. The bonded mats 
are somewhat stiffer but are 
stronger, The continuous strand 
mats offer greater drawability; 
that is, they can be molded to 
more complex shapes than can the 
other types of fibrous glass mats 
without tearing. 


Milled fibers 


Continuous strands from basic 
forming packages can be ham- 
mermilled into small nodules of 
filamented glass. These fibers are 
available in nominal lengths from 
go to Y% inch. They are used 
largely for anticrazing filler re- 
inforcement in casting resins and 


FIBR “US GLASS REINFORCEMENTS 





REINFORCED PLASTICS PONTOONS are produced by spray-up tech- 
nique and «ven cure, using continuous strand roving and polyester 
resins. Pontoons are light in weight; will not decay, water-log, rust or 
leak; are unaffected by marine organisms, oil, or gasoline 


in resin adhesives where they give 
greater body and dimensional sta- 
bility to the adhesive. 


Yarns 


Yarns are made on standard 
textile equipment from the basic 
forming package. Although pri- 
marily an intermediate material 
in the manufacture of tapes and 
fabrics, they are used for filament 
winding. Because of lower cost, 
rovings are more widely used 
than yarns as a direct reinforce- 
ment for plastics. Yarns must be 
heat-cleaned and finished in order 
to get proper resin-to-glass ad- 
hesion. 

A form of yarn is the warp 
beam, in which many parallel 
yarns are wrapped on a mandrel. 
This form is convenient for han- 
dling a large number of yarns for 
use as unidirectional reinforce- 
ment. 


Surfacing and overlay mats 


Where the smoothest possible 
surface is desired on a molding, 
thin mats of staple monofilaments 
can be placed over the reinforce- 
ment. These mats offer little re- 
inforcement, but stabilize the sur- 
face resin and allow a heavy resin 
layer to be used. These mats 






range in thickness from 0.010 to 
0.030 in. and have resinous bind- 
ers that include treatments for 
maximum water resistance. Un- 
like the reinforcing mats, they use 
filaments of glass that are not col- 
lected into bundles. They are 
made either by the blown-fiber 
process or by mechanical pulling 
onto a large drum. These mats 
are available with a silane treat- 
ment for use where water resist- 
ance is especially important. 

The difference between surfac- 
ing and overlay mats is basically 
in the stiffness of the material. 
Surfacing mats are quite strong 
and rather stiff. As a result, they 
are useful as a surfacing material 
only on flat or simply contoured 
parts. The overlay mats are fluffy 
and extremely drapable. Although 
not as easy to handle as the sur- 
facing mats, the overlay mats can 
be used on complex shaped parts. 


Woven fabrics 

Fabrics were the first type of 
reinforcement employed. Al- 
though higher in cost than mats, 
they are widely used because they 
impart high strengths. Many 
kinds of fabrics and tapes are 
available. These vary in weight, 
thickness, style of weave, coarse- 








ness of yarns, and glass fiber 
diameter. Although both continu- 
ous and staple yarns are used, the 
continuous type is most common 
because of its higher strength. Be- 
cause of the wide variety of fab- 
rics available, almost any degree 
of thickness and directional prop- 
erties can be obtained. Most fab- 
rics are “square” (an equal 
amount of glass runs both ways), 
but unidirectional varieties are 
sometimes employed. 


Yarn nomenciature 


The nomenclature of fibrous 
glass yarns differs from that used 
for other types of textile fibers 
because of the large variety of 
nearly identical yarns that are 
produced. The complete nomen- 
clature consists of two basic parts 
—one alphabetical, the other nu- 
merical. A series of three letters 
describing the basic glass strand 
is used in combination with num- 
bers that identify the standard 
yarn count and yarn construction; 
e.g., ECD 450-3/2. The first letter 
to be used defines the glass com- 
position—“E” for electrical and 
“C” for chemical. The “E” glass 
formula which is used most often, 
has excellent electrical properties 
while the “C” glass is compounded 
for chemical resistance and is 
used predominantly for certain 


types of staple fibers. The second 
letter indicates the type of fiber— 
“C” for continuous filament and 
“S” for staple fibers. The third let- 
ter defines the average fiber or 
filament diameter from which the 
yarn is made. The numerical val- 
ues for the third letter are as fol- 
lows: 

RRR ee eee 0.00023 in. 

ee RR 0.00028 in. 

D Veeabendasaccus cee 0.00033 in. 
eS 0.00038 in. 
Thus, the letter symbol, ECD, 
given above, indicates a yarn 
made from the electrical glass for- 
mula in continuous filament form 
with an average filament or fiber 

diameter of 0.00023 inch. 

The numbers following the let- 
ters indicate the hundreds of yds./ 
lb. and yarn construction. The 
first number (count), 150, 450, 900, 
etc., is “Yoo of the approximate 
yardage of basic strand or sliver 
in one pound. Thus, yd./lb. is 
easily computed by multiplying 
this number by 100. The second 
series of numbers following the 
count number (-1/2, -3/0, -4/4, 
etc.) designates the number of 
plies in continuous filament yarns. 

The first digit in this series 
shows the number of original sin- 
gles (strands) twisted and is sep- 
arated by a diagonal line from the 
second digit that indicates the 


CONTINUOUS FIBROUS GLASS FILAMENT impregnated with poly- 
ester resin is wound around hollow spherical core to form pressure 
vessel for air/gas storage. High strengths made possible by technique 
result in vessel that can handle up to 5000 p.s.i. working pressures 


number of these units plied. The 
total number of strands is deter- 
mined by the product of these 
two numbers (0 is multiplied as 
1). Plies in staple fiber yarns are 
shown by a single number sepa- 
rated by a diagonal from the 
count number. 

Fibrous glass cloths are desig- 
nated by a three letter symbol. 
The first letter designates the type 
of glass combination used—‘“E” 
for electrical, “C” for chemical. 
The second and third letters indi- 
cate the type of fiber used for 
the warp and the filling yarn, re- 
spectively—“C” for continuous 
filament, “S” for staple fiber. 

In view of the normal trend in 
the textile field to develop lower- 
cost fabrics further to expand 
present markets and to develop 
new end uses, weavers have de- 
veloped a complete line of fabrics 
using the coarser 150’s yarns. 
These fabrics can be obtained in 
plain, unidirectional, satin, and 
twill weaves. Satisfactory per- 
formance, physical properties, and 
low costs make these fabrics ideal 
for reinforcement for plastics end 
uses. 


Woven rovings 


Woven rovings are becoming 
increasingly popular because they 
are thick, give high strengths to a 
part, and are lower in cost than 
conventional fabrics. Like the 


conventional fabrics, they are 
available in a variety of weaves. 
Also known as “roving cloths,” 
they are made by weaving rovings 
into coarse, heavy, drapable fab- 
rics. Because they are made from 
rovings rather than yarns, heat- 
cleaning and finishing is unneces- 
sary, the original size providing 
satisfactory resin-to-glass adhe- 
sion. 

A recent development is the 
weaving of spun rovings. This 
“woven spun” is a fabric similar 
to woven roving, but because of 
the openness of the roving units, 
easier saturation by the resin is 
attained. Also, these materials are 
not as highly directional in their 
reinforcing characteristics as con- 
ventional woven rovings. 


Economics 


As already mentioned, there «re 
significant differences in the costs 
of the various reinforcing ma'e- 
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TABLE Il: Comparison of reinforcements 





Type 


Chopped 
strands 


Rovings 


Reinforcing mats 


Milled fibers 
Yarns 


Surfacing and 
overlay mats 


Woven fabrics 


Woven rovings 


General description 


Reinforcing 
-——— characteristics. 


Normal 
glass 
content 


To 


-——— Applications ——— 


Directionality General uses 


Typical 
applications 


Relative 
materials 
cost 





Bulk cut strands 


Rope-like bundle of 
continuous strands 


Chopped or continuous 
strands in nonwoven 
random matting 


Bulk, small filamentized 
nodules 


Twisted yarns with after-finish 


Nonreinforcing monofilaments 
in random matting 


Woven cloths with after-finish 
available in many styles 


Coarse, heavy fabrics 


15-45 


50-70 


Multi- 
directional 


As desired 


Multi- 
directional 


Multi- 
directional 
Uni- 
directional 
Multi- 
directional 


Unidir. 
or bidir. 


Unidir. 
or bidir. 


Molding 
compound 


Preforming; 
unidirectional 


reinforcement 


Parts with 
simple 
contours 


Adhesives 
and castings 


Unidirectional 


reinforcement 


To improve 
surface 
smoothness 


High-perfor- 
mance parts 


High perfor- 
mance parts 


Electrical 
components 
Machine 
housings; 
rod stock 


Translucent 
sheet; truck 
body panels 


Secondary 
bonding 


Fishing 
rods 


Automobile 
bodies 


Radomes 


Large 


containers 


Low 


Low 





rials. It can be stated generally 
that those forms that give the 
highest strength to a reinforced 
plastics part are the most costly 
to manufacture. 

The least costly forms—chopped 
strands, rovings, and mats—im- 
part a nondirectional strength to 
the molded part. (The exception 
is rovings when used unidirec- 
tionally.) 

The more expensive woven 
materials are highly directional; 
that is, they give strength in one 
or two directions only. There- 
fore, a brief consideration of the 
strengths of panels would show 
that the woven materials are a 
much more efficient reinforce- 
ment. 

However, this can be mislead- 
ing because the strength of a part 
made with nonwoven reinforce- 
ments is spread in all directions. 
In many cases, this is highly de- 
sirable. Also, the glass content of 
a part has a prime effect on the 
trength and, because of their ge- 

metry, woven reinforcements 

e substantially higher glass 

ntent than nonwoven reinforce- 

nts. 

Jn a cost-per-pound basis, a 
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breakdown of the materials will 
show the woven fabrics, yarns, 
and surfacing overlay mats to be 
the most expensive. The woven 
rovings and milled fibers are less 
costly. The reinforcing mats are 
substantially low-cost reinforce- 
ments, while rovings and chopped 
strands are the lowest-cost forms 
that are available. 

There are many reinforcements 
available for plastics. Each mate- 
rial offers a particular combina- 
tion of handling characteristics, 
degree of reinforcement, and eco- 
nomics. Thus, choice of reinforce- 
ment has great bearing on the 
successful design of a reinforced 
plastics molding. (See Table II, 
above, for a comparison of rein- 
forcements. ) 
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Asbestos reinforcements 


By M. 8. BADOLLET* 


, fibrous mineral silicates, 
known by the broad term asbes- 
tos, are unique in their physical 
and chemical properties. Each va- 
riety of asbestos has been fairly 
well evaluated in commercial 
products as fillers and reinforce- 
ments, and their order of import- 
ance in usage may be listed as 
chrysotile, crocidolite, amosite, an- 
thophyllite, and tremolite. 

The availability of asbestos, de- 
gree of purity, and cost are import- 
ant factors for a manufacturer and 
he in turn must obtain sufficient 
advantages to warrant use of this 
mineral when compared with other 
reinforcement materials. 

Chrysotile. Chrysotile, the most 
widely used industrial asbestos, 
is a hydrous magnesium silicate 
having a sheet- or layer-like 
structure somewhat like the 


kaolin(1)! group and may be rep- 
resented on a unit cell basis as 
Mg, (OH) .Si,O;,. 

Differential thermal analyses of 


chrysotile fibers show that there is 


*Consultant, Plainfield, N. J 
* Numbers in parentheses link to References 
on p. 569 


a broad endothermic peak between 
600 and 720° C. with a maximum 
peak at 670° C. Also there is a 
sharp exothermic peak between 
790 and 810° C. with a peak height 
at 800° C. At the 670° C. peak 
there is a rapid loss in weight and 
this is associated with the loss of 
combined water from the chryso- 
tile structure. The hydroxyl 
groups that make up the chrysotile 
structure, especially those at the 
surface, are reactive and can unite 
with some organic or inorganic 
radicals to change some of the 
physical properties of the fiber. In 
some cases, this is an advantage 
and may improve the use of 
chrysotile in the manufacture of 
electrical products. 

Fiber diameters depend upon 
the degree of fiberization, which 
varies from 40 microns and larger 
to 350 Angstrom units and less, 
thus making asbestos the smallest 
cross-section fiber known. Fiber 
lengths were originally con- 
trolled by their growths in the 
fractures, fissures, or openings in 
the ultrabasic rocks. However, 





TABLE |: Asbestos fiber characteristics 





Volume 


Source resistinity® 


Megohms/in. % 


Chrysotile 
Rhodesia 
(Africa) 
British Columbia 
(Canada) 
Barberton 
(Africa) 0.03 
Quebec 
(Canada) 


0.06-0.39 


0.05-0.08 


0.008-0.17 


Amphibole 
Amosite 
(Africa) 
Crocidolite 
(Africa) 
Anthophyllite 
(US.) 19.3 6.4 
Anthophyllite 
(Mozambique, 


0.78-1360 


0.56-1.42 


Africa) 6.4 5.48 


Total 


iron 


Magnetic 


27.9-30.8 


25.3-28.2 


Conductivity 
of aqueous 
extract 


NaCl 
equivalent 
Megohms/cm. % 


rating 


0.17-1.9 117-290 0.0056-0.13 


0.72-1.3 322 0.0154 


0.06-0.3 184 0.09-0.11 


0.8-6.7 0.089-0.266 


0.17-0.33 73.9-160 0.035-0.076 


0.4-5.4 74-124 .0035-0.059 


0.06 115 0.0055 


0.6 23 


* Humidity conditions, 16 hr. at 75° F. and 91 RH 





these lengths are later reduced by 
milling; hence they appear for in- 
dustrial use in lengths from %4-in 
to 1 in. for the longer fibers down 
to microscopic in length. 

The flexibility of crysotile also 
varies from excellent, for the soft 
varieties, to poor for the harsh 
varieties. 

The resistance to mechanical 
breakdown of fiber lengths when 
using the soft chrysotile is tremen- 
dous, whereas harsh and semi- 
harsh chrysotile fibers will rapidly 
lose length. 

Measurements (2) show that 
chrysotile has the greatest surface 
areas of any known fiber. Density 
measurements of pure chryso- 
tile (4) have been reported from 
2.53 to 2.58. 

Chrysotile (2) in the presence 
of water has shown an alkaline pH 
as high as 10.3. Other pH values 
have been reported in the range of 
9.2 to 10.1. Amphibole asbestos 
fibers (amosite, anthophyllite, cro- 
cidolite, and tremolite) are lower 
in pH values than chrysotile, 
which is of the serpentine va- 
riety. For example, amosite has a 
8.5 pH, anthophyllite 7.0, and cro- 
cidolite 8.4. If the high alkalinity 
of chrysotile is objectionable, one 
of the amphibole fibers may be 
satisfactory if the strength is good. 

Physical properties of asbestos 
fibers (5), spinning grade: The 
physical and chemical properties 
of asbestos fibers in general some- 
times serve as a guide in the 
proper selection of asbestos for 
use in laminates, felts, or cloths. 
(See Table I, left.) The ideal 
fiber would have the highest vol- 
ume resistivity, the lowest total 
iron, the lowest magnetic rating, 
the lowest conductivity, and the 
lowest NaCl equivalent. Amphi- 
bole fibers are usually better than 
chrysotile in terms of volume re- 
sistivity and conductivity, but they 
also lose considerable length in 
processing. The action of tempera- 
ture upon the amphiboles (3) is 
less than upon chrysotile since the 
amphibole fibers have less water 
of hydration. The fusion tempera- 
ture of chrysotile is aoproximatel) 
2770° F.; the amphiboles vary 
from 2180° F. for crocidolite to 
2675° F. for anthophyllite. 

Mineral acids are more destruc- 
tive than organic acids (3) to al! 
asbestos fibers. These acids ar 
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1ore active on chrysotile than on 
the amphiboles. 

Crocidolite may vary in specific 
gravity from 3.2 to 3.3, amosite 
from 3.1 to 3.25, anthophyllite 
from 2.85 to 3.1, and tremolite 
from 2.9 to 3.2 depending upon 
the degree of purity. 

Tensile strengths reported for 
asbestos fibers have varied with 
investigator and type of equipment. 
Recently reported values showed 
tensile strengths (7) higher than 
those previously given. Fibers of 


in plastics. 





amosite one centimeter long from 
the Transvaal were reported to 
have an average tensile strength 
of 192,000 p.s.i.; crocidolite from 
the Cape Province, 540,000 p.si.; 
chrysotile from Arizona, 312,000 
p.s.i.; and chrysotile from Thet- 
ford, Canada, 355,000 p.s.i. These 
values are probably based on 
pieces of crudes rather than milled 
fibers. However, they show that 
asbestos fibers are exceedingly 
strong and can be quite valuable 





Asbestos floats from Canada are 
known as 7RF and 7TF. These 
fibers are quite short and are 
mainly used as fillers in molding 
compounds, Table III, p. 568, gives 
a partial list of the physical prop- 
erties of these floats (8). 


Use of asbestos in plastics 
Cold-molded plastics: In cold- 
molded plastics (6), the function 
of asbestos is to reduce molding 
costs; make the molding possible 
by controlling the flow of material 





TABLE Il: Asbestos fillers for thermoset molding compounds 





Properties and ASTM test method 





Molding qualities 
Compression molding temp., °F. 


Compression molding pressure, 

ps.i. 
Compression ratio 
Mold shrinkage, in./in. 
Specific gravity, D792 
Spec. vol., cu. in./Ib., D792 
Refractive index ND, D542 
Tensile str., p.s.i., D638, 651 
Elongation, %, D638 
Mod. elas. in tension, 

10° p.s.i., D638 
Compressive str., p.s.i., D695 
Flexural str., p.s.i., D790 
Impact strength, D256> 
Hardness, Rockwell, D785 
Thermal conduct., C177° 
Specific heat, cal./°C./gm. 
Thermal expansion, 

10°/°C., D696 
Resistance to heat, 

F. (continuous) 
Heat distortion temp., °F., D648 
Vol. resist., D2574 
Dielectric str., D149° 
Dielectric str., D149* 
Dielectric constant 

(60 cycles), D150 
Diel. const., 10° cycles, D150 
Diel. const., 10° cycles, D150 
Dissipation (power) factor, 

60 cycles, D150 
Diss. factor, 10° cycles, D150 
Diss. factor, 10° cycles, D150 
Are resistance, sec., D495 
Water abs. 24 hr. %-in. thick, 

, D570 





no! formaldehyde and phenol-furfural. 
4 ohm-cm,. (50% relative humidity and 23° 


Furan 


Good 
275-300 


100-500 


1.75 
15.8 


3000-4500 


15.8 
10000-13000 
6000-9000 


R110 


265-330 


0.01-0.2 





> ft./Ib. per in. of notch (% x %), notched bar Izod test 
( ¢ short-time, %-in. thickness, volts per mil 


). 


Melamine 


Good 
280-340 


1000-7000 
2.1-2.5 
0.005-0.007 
1.70-2.0 
16.3-13.8 
5500-7000 
0.20-0.45 


16 

30000 
9000-11000 
0.28-0.4 
M110 
13-17 


2.0-4.5 


250-400 
265 
2.4x10" 
350-400 
320 


6.4-10.2 
9.0 
6.1-6.7 


0.07-0.17 
0.07 
0.041-0.050 
120-140 


0.08-0.14 


Phenolic* 





Good to fair 
270-380 


500-6000 
2.0-14 
0.0005-0.006 
1.52-2.0 
18.2-13.8 
4000-9000 
0.18-6.50 


10-25 
15000-35000 
7000-15000 
0.27-3.5 
M95-M115 
8-16 
0.28-0.32 


1.5-4 


350-600 
290-400 
10”-10"* 
50-350 
40-300 


10-75 
6-60 
5.0-7.0 


0.25-0.50 
0.25-0.50 
0.10-0.50 
Tracks 


0.10-0.5 





Phenolic 
cast resins Polyester Silicone 
— Excellent Good 
—-— 280-320 300-350 
—- 506-2000 1000-5000 
— 2.0-2.5 6-8 
—_ 0.004-0.007 —— 
1.70 165 16-19 
16.3 168 17.3-14.4 
3000-6000 4500-7000 28000-35000 
18.8 — 25-30 
10,500-12,500 22500 — 
5000-8000 8000-10000 30000-35000 
—- 0.45-0.50 ae 
R110 M99 — 
8.4 — — 
0.3 — — 
3.3 omni casi 
300 450 —— 
— 315 —-- 
ae 6.6x10° — 
Skane 380 pwr as 
et 290 dade 
—_— 5.2 va 
2 45 sae 
— 0.11 -—-- 
— 0.04-0.06 a 
a 138 pik 
— 0.14 —— 


© 10 cal. per sec. per sq. cm., per 1° C 
f step-by-step, %-in. thickness, volts per mil. 
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TABLE Ill: Physical properties of Canadian asbestos floats 





Bulk 
density", 
lb./cu. ft. 
TRF 19 
TRF 20 
TRF 21 
TRF 22 
TRF 22 
7RF 24 
TRF 24 
TRF 20 
TRF 25 
TRF 23 
TRF 14 
TTF 23 
7TF 23 
TTF 26 


Grade 


*Loose packed 


lonizable 
salts, 

micro-mhos 
em./10 volts 


Surface 
area, 
em."/g. 


fiber 


Density of 
fiber, 2000 
p.s.i. 


Solids, 
% 





14,800 219 
11,300 ; 218 
13,000 222 
11,800 206 
13,000 . 212 
14,000 
13,900 
12,500 

7,500 

8,600 
20,800 
15,400 
11,300 
15,600 





0.16 
0.17 
0.18 
0.16 


Some recent magnetic rating tests have shown that 7RF varied from 1.0 to 4.8 and that 7TF varied from 2.4 to 5.9. 





under pressure while it is in the 
cold mold; improve mechanical 
properties; increase hardness; de- 
crease molded shrinkage; increase 
heat and fire resistance; facilitate 
ejection from the mold; and im- 
prove handling and movement of 
the uncured moldings without 
danger of deformation or warpage. 
Cold-molded products of the bi- 
tuminous type are sometimes 
loaded with as much as 85% as- 
bestos. The grades of asbestos used 
in the cold-molding field are de- 
scribed as floats and shorts. Their 
physical properties should be the 
guide in selection for a given ap- 
plication. 

Thermoplastics: In thermoplas- 
tics(6), asbestos increases heat re- 
sistance and compressive strength; 
improves hardness, burning rate, 
and arcing resistance; and ad- 
versely affects the specific gravity, 
translucency, appearance, and 
color. It also reduces cost and 
tendency to cold-flow, with re- 
sultant deformation and warpage. 
The hardness improvement is only 
moderate. 

Asbestos, especially the light- 
colored fibers, can be used in 
moderate percentage in the manu- 
facture of thermoplastic molding 
or calendering materials based on 
ethyl cellulose, vinyl chloride ace- 
tate, vinyl chloride, and poly- 
ethylene. 

Thermosetting plastics: In ther- 
mosetting plastics (6), chrysotile 


asbestos has many advantages: 
available in large quantities at 
moderate cost; of fibrous struc- 
ture; easy to process and mold in 
compound form; retains the bind- 
ers; inert to reactions from rolling, 
molding, and curing; permits use 
of high percentages (65 to 70%) in 
manufacture; imparts toughness; 
retards burning rate; supplies heat 
and fire resistance; increases hard- 
ness; and reduces the natural 
shrinkage of the moldings. Mold- 
ing temperatures higher than 450° 
F. can cause blistering due to par- 
tial release of water from the 
chrysotile asbestos. Since chryso- 
tile asbestos has an alkalinity of 
9.2 to 10.3 pH, it is objectionable 
for use in urea formaldehyde resin; 
for most resins, however, this fiber 
alkalinity is not bothersome. 

The common resins used with 
asbestos are the phenolics, mela- 
mines, epoxies, silicones, furanes, 
and polyesters. Table II, p. 567, 
shows the properties of asbestos 
fillers in thermosets. 

Asbestos reinforcements: For 
many years, asbestos shorts or 
floats were used in molding com- 
pounds and only small quantities 
of longer fibers were used in felts 
and laminates. During recent years 
more emphasis has been placed on 
asbestos either as a loose fiber or 
in the form of felts, mats, or cloths. 
The advent of newer resins and 
improvement of older resins have 
given added impetus to its use. 


Long length chrysotile as a loose 
fiber or as a mat or felt or in 
combination with crocidolite fiber, 
when impregnated with phenolic 
resin, can be molded at low 
temperatures and will impart good 
strength, good resistance to acids, 
and heat resistance to about 400° 
F. These felts have been used suc- 
cessfully in the manufacture of 
boats, plastic wings for aircraft, 
tanks, gears, bench tops, and a 
number of other applications. 

Laminates: Laminated plastics 
may be defined as multiple layers, 
plates, or sheets of materials im- 
pregnated by a resin (usually 
thermosetting) and pressed into 
one piece. The amount of resin de- 
pends upon the degree of impreg- 
nation required to produce the 
proper degree of reinforcing. A 
highly impregnated material will 
possess decreased density and im- 
proved resistance to moisture and 
delamination. 

Forms of asbestos: Asbestos is 
available in various forms such as 
loose fiber, rovings, yarns, papers 
(commercial or Quinterra), felts, 
cloths, and millboards. Any of 
these may be impregnated by the 
standard methods and/or lami- 
nated to produce the desired prod- 
uct. Asbestos in the form of loose 
fiber, paper, or felt is now being 
used in plastics pipe, with prom 
ising results. 

The combination of asbestos an‘ 
glass has an advantage such as im 
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proving the retention of the resin, 
better surface appearance, a re- 
duction in cracking and crazing, 
and also a reduction in price. 

In the manufacture of asbestos- 
reinforced plastics, laminates, etc., 
it is important to select the proper 
kind of asbestos, whether it be in 
the form of loose fluffy fiber or 
paper, mat, roving, or cloth. 

Resin impregnation can be ac- 
complished by appropriate con- 
ventional methods. Advantages of 
asbestos are: 

(1) The wettability of asbestos 
fiber by resins is very good during 
the impregnation cycle. 

(2) Asbestos-resin laminates 
have good heat resistance for very 
short periods of time at tempera- 
tures of 400 to 6000° F., depending 
upon the type of resin. 

(3) They possess good resist- 
ance to penetration by gases. 

(4) Asbestos combined with 
other fibers in laminates increases 
resistance to water penetration. 

(5) Asbestos laminates have 
very good machineability, and can 
be threaded or tapped. 


References 

1) Brindley, G. W., “X-Ray 
Identification and Crystal Struc- 
tures of Clay Minerals,” The Min- 
eral Society (London 1951). 

2) Pundsack, F. L., “The Prop- 
erties of Asbestos—Colloidal Sur- 
face Chemistry of Chrysotile,” 
Journal of Physical Chemistry 59, 
892 (1955). 

3) Badollet, M. S., “Asbestos, a 
Mineral of Unparalleled Proper- 
ties,” Canadian Mining and Metal- 
lurgy Transactions LIV (April 
1951). 

4) Pundsack, F. L., “The Prop- 
erties of Asbestos—Density and 
Structure of Chrysotile,” Journal 
of Phys. Chem. 60, 361 (1956). 

5) Badollet, M. S. and Edgerton, 
N., “Properties of Asbestos Fibers 
Imported Into the U.S.” Canadian 
Institute of Mining and Metallur- 
gy Transactions 53 (April 1959). 

6) Badollet, M. S. and Ximenez, 
M. R., “The Role of Asbestos in 
Plastics,” Canadian Mining and 
Metallurgy Transactions, LIX, 283- 
288. (April 1956). 

7) Zukowski, R., and Gaze, R., 
Nature 183, 35-51 (January 1959). 

8) Badollet, M. S., “Asbestos 
floats,” Can. Inst. of Min. & Met. 
Trar LV, 185-189 (1952). 


ASBE REINFORCEMENTS 





‘Troy Tur 


REINFORCING BLANKETS 
... ao what no others can 


Made of mechanically interlocked Orlon* 
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, Se and cellulosic fibers 
—in nonwoven or fabric form— 
play an important role in the de- 
sign of high-pressure or low- 
pressure laminates. The proper- 
ties of the individual fibers which 
are commonly used for these ap- 
plications are shown in Table I, 
p. 573. 

High-pressure laminates: Cot- 
ton is the most important raw 
material used today for those 
high-pressure laminates requir- 
ing good mechanical properties 
such as high-impact strength, 
superior bond strength, and good 
machining properties. The fibers 
possess the very desirable com- 
bination of good strength and 
relatively low extensibility. They 
have the additional advantage of 
widespread availability and low 
cost. 

Cotton fabrics are generally 
supplied as grey goods, that is, as 
they come from the loom, and are 
not subject to any wet finishing 
operations. However, they may in 
some cases be supplied desized or 
“purified.” Desizing consists of re- 
moving the starch added to the 
warp to assist in the weaving op- 
eration, as well as the natural oils 
and waxes inherent in the cotton 
fiber. The term “purified” is used 
to denote fabrics which, in addi- 
tion to being desized or scoured, 
are bleached and _ thoroughly 
washed by water to remove any 
salts or electrolytes that might 
have a detrimental effect on the 
properties of the finished lami- 
nate. 

Other textile fibers, notably 
nylon, have special properties 
that make them suitable for many 
useful laminated products. Nylon, 
for example, contributes to the 
laminate good electrical insu- 
lating properties, high-impact 
strength, and resistance to bac- 
terial attack. Rayon has found 
only limited uses in the high- 





"Wellington Sears Co., Inc., 111 W. 40th St., 
New York 18, N. Y. 
References appearing on p. 573 


were pre- 
pared by the editors. 
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Synthetic and 
cellulosic fibers 


pressure laminating field but 
high-tenacity rayon has been used 
for certain applications where high- 
tensile strength is a factor. Acryl- 
ic fibers have also been used for 
electrical laminates. 

Low-pressure laminates: Glass 
fiber is still, by far, the most im- 
portant textile raw material in 
this field, whereas cotton has 
found few, if any, commercial ap- 
plications, other than as an over- 
lay material. On the other hand, 
filament nylon fabrics are being 
used successfully as reinforce- 
ments for low-pressure laminates 
for military aircraft applications. 
Nonwoven Dacron! batts used for 
reinforcing polyester and epoxy 
resins are said to contribute good 
abrasion resistance, in addition to 
improved electrical properties, 
more flexibility, and lighter 
weight. They are particularly 
suitable for the molding of deep- 
draw laminates since they readily 
conform to even the most compli- 
cated shapes. 

An important development has 
been the use of Dynel? fabric 
overlays for  glass-reinforced 
laminates: these overlays greatly 
improve resistance to abrasion, 
chemical attack, and weather. 
Acrylic fiber veils or overlays 
have also been used to provide an 
extremely smooth finish in auto- 
motive applications. 

Acrylic, polyester, and nylon 
fibers are further being adapted 
as overlays to various materials- 
handling applications and end 
products demanding good cor- 
rosion resistance. Synthetic fiber 
veil-covered surfaces offer im- 
proved chemical resistance, ultra- 
violet light resistance, good 
dielectric factors, and a harder 
surface. 


Influencing factors 


There are many factors involved 
in the selection of a textile fiber 


1Trademark of E. I. du Pont de Nemours & 
Co. (Inc.), for polyester fiber. 

lemark of Uni 
acrylic fiber. 


Union Carbide Corp., for 
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and fabric structure for a plastics 
laminate. 

It should be recognized at the 
very outset that the fiber itself 
is the important element of the 
fabric contributing to the strength 
of a laminate. When a continuous 
filament yarn fabric is used as 
reinforcement, the tensile strength 
of the laminate is influenced di- 
rectly by the yarn strength. In the 
case of a laminate reinforced with 
a spun staple yarn fabric, on the 
other hand, neither the strength of 
the yarn nor the fabric itself has a 
direct bearing on the tensile 
strength of a laminate. It is the 
strength of the individual fibers 
which is the significant factor in 
the strength of the laminated 
product. The fibers in the spun 
yarn structure are surrounded by 
the resin which prevents them 
from shifting when stresses are 
applied to the laminated stock. 
Thus, the ultimate strength of the 
yarns themselves is never real- 
ized. 

Another important factor hav- 
ing an effect on the laminate 
strength is the elongation of the 
fiber. Assuming that elongation 
characteristics of both the fiber 
and the resin are approximately 
the same, it is the fiber strength 
that is the determining factor 
within the limits of the effective 
adhesion between the fiber and 
the cured resin. To illustrate the 
importance of both strength and 
elongation in laminate strength 
properties, consider high-pressure 
laminates reinforced with spun 
nylon fabric. The tensile strength 
of nylon-base laminates is not as 
high as that of laminates rein- 
forced with cotton fabrics. For, 
despite the higher strength of ny- 
lon, the fiber’s lower modulus of 
elasticity does not permit the 
superior strength of the fiber to 
be fully utilized when incorpo- 
rated in a rigid plastic structure 
On the other hand, the fiber te 
nacity has a direct influence o: 
the high impact strengths pos- 
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sessed by the laminates which 
are reinforced with spun nylon 
fab: ic. 

Fabric specifications covering 
textile materials for laminating 
purposes generally include mini- 
mum breaking strength require- 
ments. One of the principal 
reasons, of course, is to insure 
uniformity of material. Fabric 
breaking strength can be easily 
determined by any textile labora- 
tory. Provided minimum strength 
values are met in addition to other 
specification requirements, it is a 
definite indication that the fabric 
in question is up to standard. 

Generally, plastics produced by 
laminating techniques are rigid, 
having a high modulus of elastic- 
ity. Accordingly, stretchability 
and resiliency normally associated 
with fabric structures formed by 
the interlacings of twisted yarns 
are not factors affecting the prop- 
erties of the laminated material. 
These fabric characteristics, how- 
ever, are significant in the case 
of textiles for postforming stock. 
Nevertheless, the particular form 
in which the fibers are introduced 
to the resin does have an influ- 
ence on the ultimate properties of 
the laminate. 


Types of fabric 


Nonwoven fabric: Nonwoven 
fabrics or mats are generally 
made with random fiber distribu- 
tion and bonded with resins 
which are compatible with those 
used in the laminating process. 
Laminates made from the random 
nonwoven material have impact, 
flexural, and tensile strengths 
just as high in the diagonal di- 
rections as in the usual machine 
and cross-directions. 

Nonwoven fabrics are used in 
the manufacture of laminated 
products requiring sharp pro- 
jections or edges, mirror-like ma- 
chined surfaces, and superior 
mechanical strength. An early ap- 
plication was the noiseless gear 
for electric clocks. The balanced 
Strength characteristics of lam- 
inates with random fiber rein- 
forcement made it possible to pro- 
duce fine-toothed gears without 
weak spots in the teeth. High- 
speed machining of the laminates 
without damage was made pos- 
sibl. 


Another good example of the 
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unusually good mechanical prop- 
erties of laminates reinforced in 
this manner is the textile bobbin 
head. Tests have shown that 
heads fabricated from these lam- 
inates have nearly twice as much 
impact-fatigue resistance as the 
next strongest type (paper-and- 
canvas-reinforced). 

There has also been some ac- 
tivity in the use of papers based 
on synthetic and cellulosic fibers 
for reinforcing laminates, but 
most of the work in this area is 
still largely in the experimental 
stage. 

Woven fabrics: The density and 
positioning of the individual fibers 
in the fabric structure must be 
considered in developing the op- 
timum laminate to be used for a 
given application. 

Fiber in fabric form has certain 
advantages which are utilized in 
laminating production. 

Probably the single most im- 
portant factor is the extremely 
uniform distribution of the fiber 
in woven fabrics. This high de- 
gree of uniformity enables the 
plastics manufacturer to combine 
many layers of varnished cloth 
together to form a laminate hav- 
ing a homogeneous structure. 
Furthermore, fabric has the ad- 
vantage of mechanical strength, 
enabling it to be processed readily, 
without damage, by continuous 
methods. 

Generally speaking, the lami- 
nating varnish has a better oppor- 
tunity to penetrate the more 
porous structure of spun staple 
yarns than the more compact and 
denser filament yarns, especially 
in the case of the heavier-weight 
fabrics. In many cases, economic 
considerations necessitate the use 
of comparatively heavy fabrics for 
mechanical laminates because of 
their lower cost per pound. 

The amount of yarn twist has a 
definite bearing on the degree of 
resin penetration. Fabric woven 
from softly twisted yarns, al- 
though not necessarily strong 
from a textile standpoint, never- 
theless allows more resin to 
penetrate the fabric structure. 
This results in a stronger lam- 
inated product. Another influenc- 
ing factor on the properties of 
fabric-base laminates is yarn 
crimp. Highest tensile strengths 
are realized by having the fibers 
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lie as flat as possible in the plane 
of the laminate. In this position 
the full reinforcing effect of the 
individual fibers can be utilized 
to the best advantage. On the 
other hand, fabrics with a high 
yarn crimp often will tend to in- 
crease the shear strength of the 
laminate. 

The effects of the various com- 
ponents must be carefully con- 
sidered in the selection of a fabric 
construction for a particular end 
use. In the majority of cases it is 
desirable to use a fabric having 
an equal distribution of strength 
in the warp and filling in order to 
obtain balanced strength charac- 
teristics in the laminated product. 
By cross-laminating, however, it 
is possible to use fabrics with un- 
equal strength distribution and 
still obtain laminates with bal- 
anced properties. For certain 
applications it may be advan- 
tageous to have the strength 
largely in one direction. When 
this happens to be the case, so- 
called unidirectional fabrics are 
employed. 

The bond strength of laminates, 
(which means the adhesion be- 
tween the fabric plies), is af- 
fected to an important degree by 
the surface characteristics of the 
fabric. A softly twisted spun yarn 
construction, presenting a fibrous 
surface and a high degree of 
fabric “pebble” or surface texture, 
results in an interlocking effect 
when the fabric layers are com- 
bined during the laminating 
process by means of heat and 
pressure. At the other extreme, 
a smooth surface, finely-woven 
fabric made from continuous fila- 
ment yarns may have a tendency 
to delaminate easily. Therefore, 
a fabric of the latter type should 
not be used for those applications 
requiring a high degree of bond 
strength. 

The tightness of weave, as af- 
fected by warp and filling yarn 
sizes and thread ccunt, also has an 
effect on the laminate properties, 
particularly from the standpoint 
of resin impregnation. It is the 
combination of yarn and fabric 
structure that influences the 
properties of the final laminated 
product. The type of weave ‘ust 
also be taken into consider@'i 
in view of its effect on the yarn 

There are many different ‘pes 
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TABLE |: Properties of textile fibers 





COTTON’S natural fiber twist enables spinning of strong yarns. Cotton is 
durable, absorbent, resistant to stretching and heat; it bulks and insulates 


well, has high wet strength. Resistance is low to acids and mildew, but high 
to alkalies and solvents. 





RAYON, a regenerated cellulose in staple or filament form, is industrially most 
important in high-tenacity form, with outstanding qualities of high strength 
combined with light weight. Many of its other properties are similar to those 
of cotton, but wet strength is lower. 





FORTISAN’ is a strong filament yarn of oriented and saponified regenerated 
cellulose. The new, highly oriented “Fortisan-36” has exceptional strength, 
stretch resistance, and dimensional stability. Chemical and other characteris- 
tics resemble cotton. 





NYLON is a chemically synthesized organic fiber, both staple and filament, 
available in high-strength forms. It has very high tenacity, wet or dry; ex- 
cellent abrasion- and flex-resistance; toughness; elasticity; resistance to heat 
and alkalies; excellent electrical qualities. 





ORLON’ acrylic staple fibers are light, strong, resilient, dimensionally stable, 
low in moisture absorption and are nonconductors of electricity. They show 
good resistance to heat, strong acids, mildew, bacteria, ultra-violet rays, and 
atmospheric effects. 





DYNEL’, staple fiber of vinyl and acrylic origin, has many properties similar 
to Orlon. Though sensitive to heat, Dynel has excellent resistance to strong 
alkalies as well as acids, and will not support combustion. 





DACRON’, polyester staple fiber, is water-repellent, quick drying, dimen- 
sionally stable, with good electrical properties. It has good strength, flex life, 
and shape retention, and resists abrasion, heat, and many chemicals. 


1 Trademark of Celanese Corp. of America. 
* Trademark of E. I. du Pont de Nemours & Co. (Inc.) 
* Trademark of Union Carbide Corporation’s acrylic fiber. 





of weave available to the lami- 


nator. Standard cotton industrial 
fabrics range from lightweight, 
high-count, staple lawns to a con- 
siderable variety of firm, heavy 
ducks. Each, of course, possesses 
its own special advantages which 
direct it toward specific applica- 
tions, 


SISAL FIBERS’_____ 


Jn the past few years, sisal fiber 
has become increasingly im- 
portant in mat form as a rein- 
forcement for plastics laminates 
and in chopped form as a filler for 
thermoset molding compounds, 
especially premixes. It is a low- 
cost material that for many pur- 
poses yields finished pieces with 
adequate impact and flexural 
strength, weatherability, and low 
moisture absorption. 

Chemically a lignocellulose 
fiber, sisal is produced from the 
*Based on information furnished by 
Standard-Union Fibre Co., 2950 E. Tioga 
St, Philadelphia 34, Pa., and Product 

hniques, tee. Hudson, Ohio. 
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leaves of a tropical shrub belong- 
ing to the Agave group and is 
available in strands from 2 to 5 
ft. long and 0.005 to 0.020 in. in 
diameter. Grading is on the basis 
of fiber length, whiteness, and 
degree of cleaning. 

Laminates: Sisal mats are used 
in reinforced plastics with poly- 
ester or phenolic resins, the mats 
being available in weights of % 
to % oz./sq. ft. in parallel strands 
and from 2 to 9 oz./sq. ft. in 
needled mats. Molding is usually 
in matched-metal shear type 
molds at a minimum pressure, 
with polyester resins, of 200 p.s.i. 
Loading can be in conventional 
filler-resin ratio with either cal- 
cium carbonate or calcium silicate. 

Typical applications are in 
trays, tote boxes, waste baskets, 
and clothes hamper panels. 

Sisal mats are readily impreg- 
nated with low-pressure phenolic 
resins and are moldable into rela- 
tively simple shapes of modest 
draw. Usually used in a ratio of 
60% sisal and 40% B-stage resin, 
the proportion can be varied to as 


little as 30% sisal, with 30% filler 
and 40% resin. 

Premix compounds: Chopped 
sisal fibers in lengths from % to 
\% in. are being used in low-cost 
premix compression molding com- 
pounds. Percentage of fiber in such 
premixes runs from 5 to 15%, de- 
pending on the application. These 
premixes range in specific gravity 
from 18 to 2.85, with impact 
strengths (Izod) of 1.1 to 2.3 Ib./ 
in. of notch. Flexural strengths of 
6000 to 7000 p.s.i. are reported, 
and flexural modulus of 7 X 10° 
to 1.1 X 106. 

When molding polyester-sisal 
premixes, temperatures of 300 to 
350° F. and pressures of 450 to 
1000 p.s.i. are used; over-all mold- 
ing cycles of 1 min. are attainable 
on sections which are as thick as 
0.250 inch. 

Present volume applications of 
sisal-resin premixes are in gear 
housings, heater and air condi- 
tioning fan housings, window- 
type air conditioner bulkheads, 
and in many industrial applica- 
tions which fit into the non-elec- 
trical category. 

It is estimated that 5 million Ib. 
of sisal were used in premixes 
during 1960, with volume continu- 
ing to increase. 
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Recent Developments 


@ Glass particles (Microballoons, 
Standard Oil Co. [Ohio] Research 
Dept.) have been introduced as a 
bulk filler for plastics. The prod- 
uct is colorless and is in the form 
of tiny, hollow spheres of glass 
about 0.002-in. in diameter. They 
weigh about one-third as much as 
water. The particles remain un- 
changed up to temperatures of 
about 1200° F. Hydrocarbons, 
water, and dilute acids or alka- 
lies do not affect them. Moldings 
containing the particles are light- 
er, more rigid, and less flammable 
than those made with conven- 
tional bulk fillers. In reinforced 
plastics, the hollow spheres give 
30% stronger moldings at weight 
savings of 20 to 50 percent. 

@ Glass fibers said to have about 
50% greater rigidity than E-glass 
fibers (generally used as plastics 
reinforcement) without significant 
sacrifice in strength, have been 
developed for the U. S. Air Force 
by Owens-Corning Fiberglas 
Corp. Standard E-glass has a 
modulus of elasticity of about 
12.2 X 10° p.s.i.; the new glass, in- 
troduced under the designation 
YM-31-A, has a modulus of 
around 16 X 10° psi. The new 
fiber is expected to have impor- 
tant application in structural uses. 
Test results reported by the 
Wright Air Development Div. in- 
dicate the following: 

1) YM-31-A-based laminates 
are generally superior to E-glass 
laminates in strength. 

2) Strength properties of such 
laminates. depend greatly on the 
resin-finish combination. To date, 
Epon 828-CL (Shell Chemical 
Co.) epoxy resin with an A-1100 
finish has been the most success- 
ful combination to be used with 
the new glass evaluated. 

3) YM-31-A fibers look par- 
ticularly promising for filament- 
winding applications since their 


574 


performance will exceed E-glass 
even when used with non-opti- 
mum resin-finish combinations. 

4) Electrical properties of YM- 
31-A are only slightly inferior to 
E-glass in the lower temperature 
ranges, but in the 300 to 500° C. 
range, rapid changes in electrical 
properties would make YM-31-A 
unsuitable for such applications as 
radar guidance. 

@ Two new asbestos reinforcing 
fillers for plastics (Asbestos Float 
Grades 7RF-9 and 7TF-8, Carey- 
Canadian Mines Ltd.) have been 
developed to extend the range of 
properties that can be achieved 
through the use of such fillers. 
TRF-$ is a highly fibrous low- 
density material with a low mag- 
netic iron content, that is reported 
to produce minimum wear on 
highly polished mold surfaces. 
7TF-8 is a high-density material 
with low resin absorption that can 
be used in producing heavily filled 
compounds. 

@ Made of continuous filament fi- 
brous glass roving, a new chopped 
strand mat (Garanmat, Johns- 
Manville) is claimed to wet-out 
3 to 5 times faster than other 
products now in the field. In pro- 
duction, the roving is chopped into 
lengths of approximately 2 in., 
formed into a random mat, and 
bonded with resin. 

@ Over 260,000 miles of continu- 
ous glass filaments with resin 
binder (Spiralloy, Hercules Pow- 
der Co.) is used in producing the 
reinforced-plastics motor case of 
one U. S. Navy A-2 Polaris. The 
filament-winding process is used. 
@ Fluorocarbon resin (Teflon, Du 
Pont) is used with a fine weave 
glass cloth in a new laminate 
(Lamicoid 6098, Mica Insulator, a 
div. of Minnesota Mining & Mfg. 
Co.) which is said to be highly re- 
sistant to chemical attack, to have 
excellent electrical properties, to 
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be outstandingly resistant to me- 
chanical abuse, and to exhibit low 
flow under heat and pressure. 
Uniformity of all properties, in- 
cluding thickness, is assured be- 
cause the fine weave of the glass 
cloth permits uniform distribution 
of the fluorocarbon resin through- 
out the laminate. Techniques and 
adhesives have also been devel- 
oped to bond copper foil to the 
laminate for use in high-tempera- 
ture printed circuits and in micro- 
wave applications. 

@ Improved dielectric strength 
and arc resistance are claimed for 
a new electrical grade of flame- 
resistant vulcanized fiber (Pyro- 
nil E, National Vulcanized Fibre 
Co.). The material is intended for 
use as a combination flame, heat, 
and dielectric barrier in electrical 
and electronic equipment. 

e An 80-ft. diameter geodesic 
dome, built of interlocking panels 
of polyester-glass reinforced plas- 
tic (Tool Research and Engineer- 
ing Corp.) is 28-ft. high in the 
center and encloses 80,000 cu. ft. 
of space. The panels weigh only 
10,500 Ib., and can be air-lifted to 
any part of the world and set up 
in less than 24 hr. to provide 
shelter for personnel and equip- 
ment. The panels are produced by 
the spray-up method and ure- 
thane foam is gun-sprayed into 
each panel to provide thermal in- 
sulation. 

@ Antenna trunks for ship-board 
radio stations are now being made 
of polyester-glass reinforced plas- 
tics (Texaco Experiment Inc. and 
Mobjack Mfg. Co.; resins from 
Durez Plastics Div.; glass from 
Fiber Glass Industries Inc.) with 
huge savings in weight and cost 
over the conventional steel trunks 
The trunks (7 ft. high by 25 in 
wide) are made on eliptical man- 
drels using woven glass roving 
Weight of reinforced polyeste: 
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wien you think of 


think of 


F | G T F X Depend on FLIGHTEX for all your glass 


cloth and tape requirements: any weight... 
any weave... any finish...any thickness. 
Constant testing assures high standards 
of quality and uniformity... extensive 
production facilities assure fast, 


reliable deliveries. 


Our research and development laboratories 
are ready to help find the exact fabrics 


to meet your particular needs. 


Write for our Specification Guide. 


FABRICS, INC. 


93 WORTH STREET : NEW YORK 13, N.Y. 
Mills, Finishing Plant and Laboratory at Pawcatuck. Conn. 
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. the right form of 
glass fiber reinforcement? 


MECHANICALLY @ 
BONDED MATS 


FIBER GLASS INDUSTRIES, 


are designed to fit almost all 
current moulding 
requirements: 


Economy 
Drapability 
Formability 
Uniformity 
Fast wet-out 


Widths up to 162” 


© Send for this 
free informa- 
tive product- 
line folder. ' 


TRADEMARK REG. U.S. PAT. OFF. 


FipeR GLASS INDUSTRIES, INC. 
AMSTERDAM, N. Y. 


trunk is 200 lb.; of steel trunk, 
700 Ib.: cost of reinforced plastic 
trunk is $780; of steel trunk, $1000 
to $1200. 

@ Reinforced plastics nose and 
tail sections have proved highly 
successful in a U. S. Army rocket- 
powered target missile. Their 
molded-in color permits quick 
ground recovery and their dura- 
bility enables the drones to be re- 
used if not intercepted in flight. 
The missile’s two plastics sections 
are molded (Radioplane Div. of 
Northrop Corp.) of prepreg ma- 
terial (Cordo Chemical Corp.) 
which is impregnated with dially] 
phthalate resin (Dapon, Food Ma- 
chinery and Chemical Corp.) in 
matched metal molds. 

@ Reinforced plastic pontoons to 
support marina walkways and 
docks are contributing to the 
safety and economy of operating 
the marinas which are sprouting 
rapidly wherever there is enough 
water to float a few boats. Pon- 
toon-supported areas are safer 
than those supported by piles and 
they provide a_ constant-level 
means of getting into and out of 
moored boats. They require prac- 
tically no maintenance, they are 
light in weight for easy handling, 
they will not water-log or absorb 
spilled fuel or oil, they are un- 
affected by marine organisms, and 
they will not rust or leak. Pon- 
toons are being made by two 
methods: spray-up with oven 
cure (Pacific Float Co.) and 
matched metal molding (Zenith 
Plastics Co.). 

@ Two new _ glass-reinforced 
molding compounds  (Fiberfil, 
Inc.) have been introduced: one, 
a polycarbonate resin containing 
20 to 40% fibrous glass filler; the 
other, styrene-acrylonitrile co- 
polymer with 30 to 35% fibrous 
glass filler. The filler in the poly- 
carbonate compound is said to im- 
prove the physical properties of 
the resin, while reducing its di- 
mensional instability. Tensile 
strength is 14,000 to 20,000 psi; 
elongation is 1.4 to 2.0 percent. 
The second reinforced material, 
the styrene-acrylonitrile com- 
pound, has excellent molding 
qualities, Tensile strength is 17,- 
000 to 20,000 p.s.i.; elongation i 
0.5 to 1.2 percent. Specific gr 

of the molding compound 

from 1.29 to 1.36. 
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SURFEX-MM® 


Average particle size: 

1 micron. Resin coated. 
Low oil absorption 
(20-22 cc/100 grams). 
PVC Compounds. Low 
plasticizer absorption. 
Low viscosity build-up 
in plastisols. Excellent 
dispersion, lowers cost. 
Polyester Compounds. 


MULTIFEX-MM® 


Ultra fine. Average 

particle size: .07 
SUPER- — micron. Uncoated. 
MULTIFEX® PVC Compounds. 
Average particle size Imp arts excellent mar 
extremely fine: .05 resistance, smooth finish 
and gloss in vinyl floor 


Improves finish, 
increases physical 


properties, and reduces 
shrinkage and mixing 
cycle. Excellent wetta- 


bility and dispersion. 


CARBIUM® 


Average particle size: 
2.5 microns. Uncoated. 
Used in plastisols and 
organosols to reduce 
cost and maintain low 
viscosity and good flow. 
Excellentcolor stability. 


micron, very uniform. 
Coated with two 
organic surface agents. 


PVC Compounds. 
Imparts excellent mar 
resistance, gloss, and 
minimum whitening 
on flexing. 

Plastisols and 
Organosols. Yields 
thixotropic effect. 


SUSPENSO® 


Average particle size: 
2 microns. Uncoated. 
Excellent dispersion. 
Polyester Pre-Mix 
Compounds. In 
conjunction with 
Multifex-MM controls 
viscosity, imparts 
whiteness, improves 
finish, cuts cost and 
shrinkage. Excellent 
shelf life. 

Polyester Compounds. 
Disperses readily. 
Imparts whiteness. 


tile and injection 
moldings. 

Pre-Mix Polyester 
Compounds, Imparts 
whiteness and enamel- 
like finish. Controls 
viscosity. 


KALITE® 


Average particle size 
about .5 micron. Oil 
absorption 28-36 
cc/100 grams. 

1% fatty acid coat. 
PVC Compounds. 
Excellent dispersion 


and gloss. Improves 


Reduces shrinkage and , 
calendering. 


cost. Excellent shelf life. 


Favorite forms of CaCO: 


The Diamond gallery of precipitated calcium carbo- 
nates contains outstanding examples of products 
preferred by processors everywhere for purity and 
stability. Your nearby Diamond representative can 
show you how they cut processing costs. Ask him 
for formulas and cost comparisons. Otherwise, write 
Diamond Alkali Company, 300 Union Commerce 
Building, Cleveland 14, Ohio. 


Sages Orrices: New York, Philadelphia, Pittsburgh, Cleve- 
land, Cincinnati, Chicago, St. Louis, Memphis, Houston. 


Distrisutors: Carmona Chemical Co., San Francisco; 
Dorsett & Jackson, Los Angeles; VanWaters & Rogers, Inc., 
Seattle and Portland; Harrison & Crosfield (Canada) Ltd. 


Diamond 
y Chemicals 





a nother Many experts had contended that molding this bicycle half-frame in one 
piece was inconceivable! But George Morrell Corp. of Muskegon, Michigan 

did just that with a big assist from drapable, durable Modiglass CFRM 

TOUGH (Continuous Fiber Reinforcing Mat). The complex of curves, radii, planes 
and angles caused many molders to despair even of preforming this diffi. 


cult part. Yet it was molded in matched dies from a single 


. rectangular piece of Modiglass CFRM. No tailoring, patching 
m 0 i ng pro Pp m or doubling was required. This is not a cover for a steel frame 


but rather an integral part of the machine structure which has 


« successfully withstood torturous fatigue tests. The layer of surfacing 
1) wi monofilaments which is an integral part of Modiglass CFRM enabled the 


molder to turn out a rugged durable bike frame with a smooth and lustrous 


@ surface finish. Available in a range of weights from % oz. to 3 oz, 
M 0) 1 { G LAS S Modiglass CFRM combines reinforcing fibers and surfacing monofilaments 
in a snow white mat of unmatched uniformity and remarkable drapability. 


CONTINUOUS FIBER REINFORCING MAT 


CONTINUOUS FIBER REINFORCING 
MAT. This new product was developed 
specifically to meet the demand for 
a uniform mat with good drapability, 
even binder distribution, and ex- 
ceptional whiteness. Particularly 
suitable for matched metal die appii- 
cations. Available in weights from % 
oz. to 3 oz. P.S.F., MODIGLASS CFRM 
has a monofilament surfacing layer 
on each side to assure a superior 
surface finish. 


OTHER QUALITY PRODUCTS BY MODIGLASS... 

SURFACING MAT: For surfacing flat and gently curved laminates 
MODIGLASS VEIL: Ideal for surfacing preforms 

and sharp contoured forms 

UNIDIRECTIONAL TAPE: For use in reinforcing long thin laminates 
—skis, fishing poles 

UNIDIRECTIONAL MAT: For laminates requiring high glass content, 
high strength and rigidity 

DECORATIVE MATERIALS: For unusual patterns and effect 

in unlimited colors. 


With the industry's most modern facilities for A S s° F | B E Q S | N G 
both manufacturing and Research & M O D | G L 5 e 
Development we welcome the opportunity to General Offices, 
assist you in the selection of the proper SALES OFFICE AND PLANT, P.O. Box 86, Bremen, Ohio—LOcust 9-4175 all 
glass fiber material for your application RESEARCH AND DEVELOPMENT LABORATORIES, Bremen, Ohio and Florham Park, '\. 4 


“Reinforced Plastics are Stronger, Last Longer, and Look Better with Modiglass Fibers” 





— FLOCK 
PACKS A 
SUNDAY 
PUNCH ” 





R/M ASBESTOS-PHENOLICS 


the plastics that come back from outer space 


When you think of reinforced plastics for 
high-temperature parts, think first of R/M 
asbestos- phenolics. 

These advanced space-age plastics put you 
ahead in every important physical property 
high strength-to-weight ratio, heat resistance, 
shock resistance, low thermal. conductivity 
and diffusivity, and controlled ablation. 


RAYBESTOS-MANHATTAN, 


R/M asbestos-phenolics are available as 
felts, mats, molding compounds, and as 
molded rods and tubes for your prototype 
work. Delivery is prompt. And this complete 
line is backed by comprehensive technical 
data and know-how. 

Bring your thermal protection problem to 
R/M for a time-saving solution at lower cost. 


ARCAS nose cone 
moided of R/M Style 
42RPD Pyrotex® mat. 


INC. 


Reinforced Plastics Department, Manheim, Pa. 


SPECIALISTS IN ASBESTOS, RUBBER, ENGINEERED PLASTICS, SINTERED METAL 





SISAL 
REINFORCEMENTS 


STANDARD-UNION’s sisal will give you 
a reinforcement with good impact strength 

. at a low cost. 

Our most widely used CHOPPED SISAL 
is cut from high-grade Haitian machine- 
dried sisal, free of oil. Sisal compounds give 
easy processing, uniform fibre flow, excel- 
lent moldability and part performance. 
SISAL FLOCK also available. 

Needled SISAL MAT made in widths up 
to 80” and weights from 2% to 8 oz. per 
square foot. 

Whether you manufacture polyester and 
phenolic compounds, or whether you mold 
with polyesters and phenolics, it will pay 
you to find out more about this highly eco- 
nomical development. Call or write . 
today. 


STANDARD-UNION FIBRE COMPANY 


LOW 


coer MICA FLaxes 


Jor REINFORCING 


2" flakes or other sizes to 
100 mesh ... transparent and colorless . . . 


chemically inert . . . compatible with all types 


of resins. Stocks in principal cities. 


U.S. MICA CO.,INC. 


26 SIXTH ST. STAMFORD, CONN. 


FINELY GROUND 


MICA FILLERS 


From 160 mesh to a theoretical 3000 mesh... 
high impact resistance .. . low moisture absorp- 
tion .. . and best thermal and electrical prop- 
erties of any mineral filler. Stocks strategically 
located for your convenience. 


The English Mica Co. 











2950 E. Tioga Street, Philadelphia 34, Pa. IDoEWAY CENVER SUILDING 


Provides Acid-Resistant PLUS for Phenolic and Polyester Resins 


Powminco Ashestos Fibers 


nme America’s most inert fiber ga aa 


@ The only completely fiberized acid-resistant asbestos fiber available today, Powminco Asbestos is mined in the 
U.S. and widely used as a binder, absorbent and extender in phenolic and polyester resins. 

Practically inert (94% insoluble) and unaffected by up to 3 hours boiling in concentrated hydrochloric acid, 
Powminco Asbestos offers a big advantage over ordinary chrysotile fibers that require an acid catalyst. 

And because it contains so little water, Powminco Asbestos offers unusually low shrinkage, too. 

What's more, excellent heat resistance, very high 
dielectric strengih and extremely low magnetic iron 
plus high absorption, easy ‘‘blendability’ and low 
cost make Powminco Asbestos your best filler buy! 





@ So that you can see the advantages of Powminco Asbestos Fiber | 
in your own operations, we will be glad to send you a working 
sample (for use with any resin) without cost or obligation. The 
coupon below will be given our prompt attention. 


Powhatan Mining Company 
6723 Windsor Mill Road 
Baltimore 7, Md. 


POWHATAN 
MINING COMPANY 
6723 Windsor Mill Road 
Baltimore 7, Maryland 

Cable address: Powminco 


Please send me a working sample of Powminco Asbestos Fiber 


UE bee ccc ees 


COMPANY 





J-M Fiber Glass: 


MATCHED TO METHOD 





Molding Method or Application 





HAND LAY-UP 





PREFORM 





SPRAY-UP 





FILAMENT WINDING 








CONTINUOUS MOLDING 








PREMIX MOLDING 








POTTING, ENCAPSULATING 
and PUTTIES 
















method or application. 


For top performance in lay-up and finished product—specify 
the J-M Fiber Glass product best suited to your molding 








J-M Product 


Outstanding Advantages to 
Molder or in End Product 





GARANMAT 


GARAN WOVEN ROVING* 


Fast wet-out. Superior wet-strength retention. Uniform fi- 
ber distribution. Compatible with polyester and epoxy resins. 


Fast wet-out. High strength. 













GARAN ROVING 


CHROME ROVING 


Conforms well to preform screen. Fast wet-out. 


Easy to cut. Hard or soft types. 





7170 GUN ROVING 


Consistent performance. Static-free. No clumping. Soft, not 
stiff and wiry. Conforms readily to mold. Requires minimum 
roll-out. 





8500 ROVING 
1500 YARN 


Epoxy-compatible. High, uniform strength. Positive, con- 
trolled tension. Zero end-out. 





GARAN ROVING 


GARANMAT 


Fast wet-out. Superior wet-strength retention. Compatible 
with polyester and epoxy resins. Imparts no color. 


Minimum fiber pattern. Imparts no color. Uniform distribu- 
tion of fibers. Minimum variation in weight. Superior wet- 
strength retention. 





GARAN CHOPPED STRANDS 


Excellent physical and electrical properties. High wet- 
strength retention. 





eG + 


HDX FIBERS 





Free-flowing, not clumped or nodular. Disperses readily in 
resin and remains dispersed. 








*Available from weavers 






JOHNS-MANVILLE vi 


FIBER GLASS 






















famco-fiber decorative mats 
offer new sales appeal 
for plastic products... 


SEND 
FOR FREE 
SAMPLE 


unlimited design opportunities 
from one source... JQ/MCO inc. 


If fresh new designs can enhance your plastic products, 
famco-fiber decorative mats can help. Famco, with its 
8-acre plant and R & D facilities, is equipped to do a 
custom job for you—from the design of the patterns 
right on through delivery of the finished mats. 

Design possibilities are unlimited. Cotton, even me- 
tallic, threads can be incorporated into the pattern. And 
famco-fiber mats add strength as well as beauty to your 
product because all mats are made of continuous strands 
of glass fiber filaments—no bits and pieces. 

Famco-fiber decorative mats are available in standard 
widths of 42, 48 and 60”, and come in rolls 110 feet long. 
Phone, write or wire for more information or send for 
free sample pictured above. 


6204 STRAWBERRY LANE * LOUISVILLE, KENTUCKY * EMERSON 8-6521 r in¢O 
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MICRO-STRAND® 
° P P 
in Ferro’s complete line of 
Fiberglass Reinforcements 
Micro-Strand roving and mat, providing high 
strength with minimum bulk and show-through, is 
now in volume production —and available from all 
Ferro Fiber Glass plants. 
3 ig Made with 34 filaments to the strand (compared: 
F to 204 in Unirove and Uniformat) it makes possible 
; smoother laminate surfaces, greater uniformity 
Wetec Lt of color in finished products. You'll also find it 
Roving | exceptionally uniform in strand-size, with excellent 
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Nashville 11, Tenn. - Huntington Beach, Calif. « Miami, Fla 


wetting characteristics, better weathering qualities’ 
in end-product use. 


But, suppose you judge the material for yourself! 
Let us send you samples of Micro-Strand—or any 
other Ferro Fiberglass Reinforcements. Just tell us 
what you need—and for what you are using it. 


FERRO 
mote) -i-Te]-7-wale), | 


FIBER GLASS DIVISION 


PERRO 


Other Ferro plants in Argentina, Australia, Brazil, Chile, 
England, France, Holland, Hong Kong, Japan, Mexico, 
South Africa, Spain. Write for full addresses! 





which of these quality 


4\ fiber glass reinforcements 
fits your operations? 





533 Roving... for filament 
winding, panels, rod stock 


. highly effective wet-out with polyesters, 
phenolics and epoxies in producing translucent 
products with high unidirectional strength. 


520 Roving... for spray-up 
applications 


. . provides close control in uniformity, cuts 
clean, dispenses freely, wets well, has color trace 
strand. 


508 Roving... for preform 
molding 


.. drapes well, distributes evenly, conforms well, 
runs free of static, has high strength, cuts re- 
jects to a minimum. 


Chopped Strand Mat... 
for sheets, boats, high 
pressure molding 


.. wets out faster than ordinary mat, has uni- 
form fiber distribution; provides improved 
strength, appearance and workability; pure 
whiteness eliminates discoloration. 


TECHNICAL HELP AVAILABLE 


Samples of these quality reinforcements are 
available for trials in your own plant. A PPG 
technical staff man will be glad to answer any 
questions you may have and demonstrate tech 
niques and machinery adjustments to get a | 
production results. “s 
For literature and other infetnatteil get in 
touch with your nearest PPG Fiber Glass Sales 
Office or regional distributor, or write Pitt 
burgh Plate Glass Company, Fiber Glass Dit 
sion, One Gateway Center, Pittsburgh 22, Pa. 


Bmricer| |) [ous PITTSBURGH PLATE GLASS COMPANY 
G 


Sales Offices: Atlanta, Boston, Buffalo, Chicago, Cincinnati, Cleveland, Dallas, Detroit, 
Houston, Kansas City, Louisville, Los Angeles, Miami, Milwaukee, Minneapolis, New 
Orleans, New York, Philadelphia, Pittsburgh, San Francisco, St. Louis and ‘eattle 





SEEKING FRESH, STIMULATING 
DESIGN IDEAS? 


Explore the unique 
advantages of asbestos 
reinforcing fibre 


For new expression in product design or redesign, 
look first at asbestos reinforced plastics. Your 
search can end there, because chrysotile asbestos 
is the only fibrous reinforcing material with this 
unique combination of properties: 

e@ Excellent inherent strength and flexibility 
Exceptional resistance to heat 
Largest available surface area 
Surface area can be varied to meet requirements 
Resistant to moisture, weathering 
High modulus of elasticity 
Non-corrosive 
Fine diameter 
High abrasion resistance 
Bonds without surface treatment 
Excellent resin-wetting 


Less expensive than glass and comparable fibres 
and in abundant supply, chrysotile asbestos is 
available in bulk from Lake Asbestos. Customers 
of Lake Asbestos produce pre-mix molding 
compounds; roving; yarn; woven cloth and non- 
woven felt, plain or pre-impregnated; and millboard 
for a wide range of product applications. 

Lake Asbestos’ research staff can help you 
determine how asbestos can best serve you. For 
more specific information on the physical properties 
of chrysotile asbestos, write to: Sales Department, 
Lake Asbestos of Quebec, Ltd., 120 Broadway, 
New York 5, N. Y. — or call REctor 2-9500. 


LAKE ASBESTOS OF QUEBEC, LTD. 
A subsidiary of American Smelting and Refining Company ASARCO 
ee 
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JAMES FABRICS: Hess, Goldsmith's new 
facility at Cheraw, South Carolina. 









This magnificent mill is the first ever constructed for 
the weaving of glass textiles. It adds seven acres of 
brand new facilities to the largest glass weaving com- 
plex in the world. But it is not size that makes Hess, 
Goldsmith unique among weavers of glass. Rather, it 
is personalized and intelligent service. Our complete laboratory and 
research facilities are ready to help you in creating better products. 
It’s this combination of mill and mind that has established Hess, 
Goldsmith as the world’s foremost weaver of glass for industry. 














LITERATURE at your service: 


Specifications 
and 

price 

guide 


32-page How To 
review Select 

of glass Fiberglass 
textiles Fabrics” 


~~. 











WRITE: Service Department, Hess, Goldsmith, 1400 Broadway, New York 18, New York 


HESS, GOLDSMITH Fiberglass Fabrics and Tapes 


World’s oldest and largest weaver of fiberglass - A Division of 
Burlington Industries - 1400 Broadway, New York 18. 
Research and Development Laboratories: Cedar Grove, N. J.* High Point, N. C.+Greensboro, N. C.+ 


Cheraw, S. C.+ Philadelphia, Pa, «Altavista, Va.+ Finishing: Altavista, Va, Philadelphia, Pa.+Cedar Grove, N. J. CSO 
e 
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NOW ... one supplier: 
ASBESTOS CORPORATION OF AMERICA 
for ALL types and grades of asbestos fillers! 


Chrysotile 

v Crocidolite 
v— Amosite 

vv Anthophyllite 
v— Tremolite 


ASBESTOS CORPORATION OF AMERICA 


A full line of asbestos fillers for thermosetting and 
thermoplastic resins 


Lowest possible prices for direct warehouse and mine 
shipments 


Technical help available on the use of asbestos for 
thermosetting (phenolic, polyester, epoxy, etc.) and 
thermoplastic (polyethylene, polypropylene, Teflon, vinyl, 
etc.) materials 


Custom blended filler systems (wood flour, asbestos, clay, 
etc.) available 


31 NORTH AVENUE, GARWOOD, NEW JERSEY 


ASBESTOS FIGERS M SHORTS @ FLOATS @ TELEPHONE: SUnset 9-1220; N.Y. REctor 2-0656 M CABLE ADDRESS: ASBESCORP 


FROM SOURCES IN: AFRICA @ CANADA 


AUSTRALIA @ 


SOUTH AMERICA e@ UNITED STATES 





Wilner reSearch now provides wood flour with 


a broad spectrum of densities and sieve analy- 
ses. These, together with controlled moisture 
levels and color shadings, allow you to select 
the wood flour grade that will give the exact 
surface finish and other physical properties 
your product requires. 


Also yours from Wilner, the world’s largest 
wood flour refineries, are these important 
bonuses 


Wilner research to aid your product development 
Guaranteed uniformity with automatic process control 
World's most modern, safety-engineered mills 

Security of supply, with forest-to-you raw material control 
Dependability of delivery 


WOOD REFINERY 
A OFVISION OF WILNER WOOD PRODUCTS COMPANY 


HOME OFFICE AND REFINERIES AT NORWAY, MAINE PHONE Pligrim 36361 


we~ NOTICE x 


PLASTICS PROPERTIES CHARTS 


for 1962 now available in limited quantities 
LTE RR 


Don’t wait! Now’s the time to order extra 
copies of our up-to-date PLASTICS PROP- 
ERTIES CHARTS. ; 

Color-coded for easier reading, these wall- 
sized charts (45” x 28”) list essential data on 
the physical, chemical, thermal, electrical 
and molding characteristics of all commer- 
cially available thermoplastics and thermo- 
setting plastics. 

These are the very same authoritative 
charts that appear in the 1962 Modern Plas- 
tics Encyclopedia—yet both charts (thermo- 
setting and thermoplastics) cost only $1.50. 
Bulk rates upon request. Write to Reprint 
Dept., Industrial Magazine Service (an affil- 
iate of Breskin Publications), 770 Lexington 
Avenue, New York 21, N.Y. 
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Here’s Help in Selecting the Right 
GK Filler for Plastics 


GK FILLER SELECTION CHART 


* 
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There are many formulation advantages in GK fillers that will improve 
your production processes and finished product. In GK fillers you'll 
find resin compatibility, controlled viscosity, easy dispersion, mini- 
mum water absorption, reduced shrinkage, dimensional stability, im- 
proved physical, electrical and chemical properties and low cost. All 
can be found in Hydrite Kaolinites, Gliomax, GER, REA and RER series. 
Check this list for the filler that fits your needs. 


Write for further technical details on specific recommendations for 
your particular application. 


Georgia Kaolin Company 41 Parker Road, Elizabeth, N. J. 


Fine clays from the world’s largest kaolin plant 











For quick action, call your nearest GK distributor: 
ee Sim Corporation 
airy WEW YORK 


M Rose, tne. 
Area Code 216—$61—2727 











LAMINATES 
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Vulcanized fiber 
How to choose a laminate 
Machining laminates 
Molding reinforced plastics 
Hand lay-up 
Preform and mat 
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Filament winding 
Spray-up 


Preimpregnated reinforced plastics 











Laminates 
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Vulcanized fibre 


Wiens fibre is a dense, 
chemically treated, cellulosic ma- 
terial with high mechanical 
strength, good electrical proper- 
ties, and many uses. 

Electrical insulation is the larg- 
est area of use. With both Under- 
writers’ Laboratories and NEMA 
approval, vulcanized fibre is ideal 
in secondary insulation as slot lin- 
ers, arc shields, arc barriers, and 
high or low voltage fuses. Rail 
joint insulation, lightning arrest- 
ing devices, mounting panels, cor- 
rugated transformer insulation, 
and coil forms are other typical 
end-uses that require arc resist- 
ance and dielectric strength. 

Mechanical usage includes 
gears, cams, studs and bolts, han- 
dles, panels, bobbin heads, switch 
parts, spacers, bearings, guides, 
and rollers. These applications 
take advantage of smoothness of 
surface, shock resistance, and high 
tensile, flexural, and compressive 
strength. 

Formed parts range from ma- 
chinery guards to protective ath- 
letic guards for football uniforms 
and baseball caps. Luggage, hel- 
mets, welding masks, channels for 
wires or pipes, and golf bag in- 
serts are other applications that 
fall into this category. 

Materials handling equipment 
of all types, which include tote 
boxes, reusable shipping contain- 
ers, utility trays, hampers, pans, 
trucks, receptacles, and barrels. 

Special applications include: 
abrasive disks, control tape for 
automatic data processing equip- 
ment, flame-retardant grades, 
strippable sign backers, and print- 
ing and tag stock. 


Chemistry and forms 


Vulcanized fibre is produced by 
the chemical action of a zinc chlo- 
ride solution on a saturating grade 
of absorbent paper made from éi- 
ther cotton rags or wood pulp 
containing a high alpha content. 
The zinc chloride causes the indi- 
vidual cellulose fibers to swell and 
become covered with a layer of 
“gel.” The “gelled” plies of paper 


“Application Engineer, National Vulcanized 
Fibre Co., Wilmington, Del. 


By R. W. WILHELM* 


are then bonded together under 
controlled conditions of heat and 
pressure. The zinc chloride is ex- 
tracted to a trace content. No 
added adhesives, resins, or other 
binder is used. 

Rolls or sheets can be made 
continuously from a single ply of 
paper to produce a final thickness 
of 0.0025 in. or in multiple plies to 
produce a thickness of 3/32 inches. 

Sheets only are made in the 
thickness range of 3/32 to 2 in., by 
wrapping a predetermined num- 
ber of plies of paper on a large 
cylinder; after processing, the 
“tube” is cut in half to produce 
two sheets. 

Tubes are made on mandrels, 
and rods are produced from 
square cross-sectional strips cut 
from sheets and ground to the re- 
quired diameter. 

Sheets, tubes, and rods can be 
readily machined and formed. 
Recommended practices for fab- 
ricating vulcanized fibre by cut- 
ting, punching, tapping, milling, 
shaping, sanding, etc., are de- 
scribed in a publication available 
from the National Electrical Man- 
ufacturers Association (NEMA). 


Properties 


Vulcanized fibre has outstand- 
ing arc resistance and high struc- 
tural strength per unit area. In 
thin thicknesses, it possesses high 
tear strength, smoothness, and 
flexibility. In heavy thicknesses, it 
resists repeated impact and has 
high tensile, flexural, and com- 
pressive strength. It is unaffected 
by normal solvents, gasoline, and 
oils. 

The moisture absorption of vul- 
canized fibre is high and the di- 
mensional stability is affected by 
humidity when not protected by 
packaging or easily applied moist- 
ure-resistant coatings. 


Grades 


The following summary of basic 
grades, as described by NEMA, 
ties each grade in with specific 
end uses and properties. 

Electrical insulation grade is 
primarily intended for electrical 
applications and for others in- 


volving difficult bending or form- 
ing operations. It is sometimes re- 
ferred to as fishpaper. 

Commercial grade, sometimes 
referred to as “mechanical and 
electrical grade,” possesses good 
physical and electrical properties 
and fabricates well. 

Bone grade has greater hardness 
and stiffness as well as higher 
specific gravity. It machines 
smoother with less tendency for 
the plies to separate during ma- 
chining. 

Trunk and case grade conforms 
to the mechanical requirements of 
“commercial grade,” but has bet- 
ter bending qualities and smoother 
surface. 

Flexible grade is made suffi- 
ciently soft by incorporating a 
plasticizer to make it suitable for 
gaskets, packing, and similar ap- 
plications. It is not recommended 
for electrical use. 

Abrasive grade is designed as 
the supporting base for abrasive 
grit for both disk and drum sand- 
ers. It has exceptional tear resist- 
ance, ply adhesion, resilience, and 
toughness. 

White tag grade has smooth, 
clean surfaces and can be printed 
or written on without danger of 
ink feathering. 

Bobbin grade is used for the 
manufacture of textile bobbin 
heads. It punches well under 
proper conditions but is firm 
enough to resist denting in use. 
It machines to a very smooth sur- 
face. 

Railroad grade is for use as rail- 
road track joint, switch rod, and 
other insulating applications for 
track circuits. 

Hermetic grade is used as elec- 
trical motor insulation in hermet- 
ically sealed refrigeration units. 
High purity and low methanol ex- 
tractables are essential because it 
is immersed in the refrigerant. 

White grade is recommended 
for applications where whiteness 
and cleanliness are _ essential 
requirements. 

Shuttle grade is designed for 
gluing to wood shuttles to with- 
stand the repeated pounding re- 
ceived in power looms. 

Pattern grade is made to have 
best dimensional stability and 
least warpage for use as patterns 
in cutting cloth, leather, and sim- 
ilar materials. 
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> eee who work for the 
first time with laminated plastics 
are often surprised at the wide 
range of properties available in 
these materials. In part, this range 
is a result of the many materials 
which can be used in laminate 
manufacture; and part results 
from the fact that laminates have 
two components (a resin and a 
base) which can be combined in 
many ways to produce a variety of 
possible end-property combina- 
tions. 

The properties of a laminated 
plastic, hence its end uses, are 
governed primarily by the prop- 
erties of the resin and the base 
material, rather than by changes 
in processing. Properties of the 
resins can also be altered by vari- 
ous additions; e.g., to impart to 
the material flame retardance or 
better punchability. Properties of 
the laminates can be altered by 
changing the proportion of resin 
to base material—use of more 
resin in the laminate will increase 
its electrical properties, while 
more base material will increase 
strength. 

All this adds up to a versatility 
that has made the industrial high- 
pressure laminate suitable for a 
wide range of electrical, mechani- 
cal, and chemical end uses. As 
can be seen from the list of sug- 
gested applications for 20 of the 
most commonly used grades of 
laminates (p. 598), certain char- 
acteristics can be played up, 
others played down, by juggling 
the type of resin and base ma- 
terial used in the finished lami- 
nate. What each of these factors 
can contribute to end properties 
is discussed below. 


Although a large number of 
thermosetting resins can be used 
in the manufacture of laminated 
plastics, experience has shown 
that four groups of resins—phe- 
nolics, melamines, epoxies, and 
silicones—meet virtually all of 
lay’s requirements. Their prin- 
pal properties are as follows: 


unager Technical Service, Taylor Fibre Co., 
ristown, Pa. 
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How to choose a laminate 


Phenolics—the most widely 
used of the group—are the “mid- 
dle-of-the-roaders” among lam- 
inate resins. They rate “good” in 
most of the desired properties 
such as mechanical and electrical 
strength and resistance to heat, 
flame, moisture, and mild acids 
and alkalies. Above all, they are 
comparatively low in cost. Most 
paper- and cloth-base reinforced 
laminates are of the phenolic type. 

Melamines are distinguished by 
their excellent resistance to arc- 
ing and tracking in electrical ap- 
plications. Furthermore, they 
have high mechanical strength, 
good flame and heat resistance, 
and, in general, good resistance 
to moderate concentrations of 
alkalies and most solvents. 

Epoxies have two outstanding 
characteristics: 1) high resistance 
to acids, alkalies, and solvents; 
and 2) extremely low moisture 
absorption. The latter is espe- 
cially useful where the laminate 
must retain its electrical and me- 
chanical properties under high 
humidity conditions. The epoxies 
also have good dimensional sta- 
bility, high mechanical strength, 
high fungus resistance, superior 
bond strength, and compatibility 
with epoxy potting compounds 
used for encapsulation. 

Silicone resins, used primarily 
with glass cloth, exhibit very high 
heat resistance combined with 
good mechanical and electrical 
properties. They can resist heat 
up to about 500° F. They also 
have higher arc resistance and 
lower moisture absorption than 
phenolic laminates. 


Base materials 


The principal base materials 
used in the manufacture of lam- 
inates are paper, cotton cloth, as- 
bestos, glass fibers, and nylon. 
Experimental materials have been 
developed incorporating more 
than one base material in a given 
laminate, but for most applica- 
tions only one base is used. The 
most important properties of each 
material is outlined below: 

Paper is generally preferred 
where electrical rather than me- 






By GEORGE J. MULLER* 





chanical properties are the main 
concern. Both wood pulp and rag 
papers are used. Paper-base lam- 
inates are relatively low in cost. 

Cotton cloth is the preferred 
base material when mechanical 
strength requirements are higher 
than those offered by paper-base 
grades. A relatively coarse weave 
material (canvas) is used for 
highest strength; a fine weave 
material (linen) for good machin- 
ability. 

Asbestos makes an excellent 
laminate base in applications 
where high heat- and flame- 
resistance is required. The two 
most common grades of asbestos- 
base laminates—Grade A and 
Grade AA—use asbestos paper 
and asbestos woven fabric re- 
spectively. 

Glass fiber is most valuable 
where extremely low mois- 
ture absorption, high mechanical 
strength, increased heat resist- 
ance, and superior electrical prop- 
erties are needed. Generally avail- 
able as a woven fabric, glass cloth 
is becoming increasingly impor- 
tant as a base for laminated plastics. 

Nylon is characterized by very 
low water absorption and good 
electrical properties. It also has 
high impact strength, good abra- 
sion resistance, toughness, and 
excellent resistance to chemical 
attack. 


Property values 


Property values for 20 of the 
most commonly used grades of 
laminated plastics are listed in 
Table I, pp. 596-597. 

Property values are published 
in one of two ways—typical val- 
ues or maximum/minimum val- 
ues. A typical property value is a 
representative value within the 
range of property values found in 
any single material. A maximum 
or minimum property value is a 
value that the material is guar- 
anteed to be within. For example, 
Grade XXX laminated plastic has 
a minimum lengthwise flexural 
strength of 13,500 psi. and a 
maximum water absorption of 
1.2% for a %-in. thick sheet im- 
(Continued on p. 599) 
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TABLE I: Properties' of most common 


Physical Properties ——_—__—.. 


Water 
Absorption 
24 hr., % max. 


c—— Mechanical 


Flexural 
Strength 


flatwise 
co (pad. min.) 
3 
& 
i 





MECHANICAL GRADES 





x none 


phenolic resin, 
paper base 





phenolic resin, 
paper base 





MIL-P-15035B 
TYPE FBM 


phenolic resin, 
cotton fabric base 





MIL-P-8655A 


phenolic resin, 
cotton fabric base 





L MIL-P-15035B 
TYPE FBI 


phenolic resin, fine weave 
cotton fabric base 





AA MIL-P-8059A 


phenolic resin, asbestos 
fabric base 





ELECTRICAL GRADES 





XxX MIL-P-3115B 
TYPE PBG 


phenolic resin, 
paper base 





phenolic resin, 
paper base 





MIL-P-3115B 
TYPE PBE 


phenolic resin, 
paper base 





MIL-P-3115B 
TYPE PBE-P 


phenolic resin, 
paper base 


natural 





LE MIL-P-15035B 
TYPE FBE 


phenolic resin, fine weave 
cotton fabric base 


black, 
natural 





N-l MIL-P-15047B 
TYPE NPG 


phenolic resin, 
nylon fabric base 


natural 





GENERAL PURPOSE GRADES 





CE MIL-P-15035B 
TYPE FBG 


phenolic resin, 
cotton fabric base 


black, 
natural 


2.0 





A none 


phenolic resin, 
asbestos paper base 


natural 


14 


1.60 


F 
13,500 





phenolic resin, glass 
fabric 


natural 


2.5 


1.70 


G 
22,000 





MIL-P-15037B 
TYPE GMG 


melamine resin, glass 
fabric 


natural 


2.5 


1.92 





MIL-P-997B 
TYPE GSG 


silicone resin, glass 
fabric 


white 


0.4 


1.88 


G 
20,500 





MIL -P-18177 
TYPE GEE 


epoxy resin, 
glass fabric 


natural 


0.2 


1.80 


E 
60,000 





MIL-P-18177B 
TYPE GEB 


epoxy resin, 
glass fabric 


natural 


0.2 


18 


E 
15.4 260,000 





MIL-P-22324 


(Ships) Type PEE paper base 


epoxy resin, pale 
yellow 


0.4 


15 


G G 


184 250-275 26,000 20,000 





‘F=fair; G= ; E=excellent. *68%. Only 50% flexural strength retention i ired at 300° F. in. sheet) MIL-P-18177B, Type 
GEB. The wahel, withaet anid condi caing. a i aati (6 & oa 
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grades of industrial laminates 





Properties r 





Electrical Properties -~ Fabrication — — Chemical Resistance —, 


Tensile Dielectric Dissipation Factor 
Strength Strength ~~ (Power factor) (max.)——\ 
—— (psd. min.) ——- parallel to 
laminations 
(kh. &. min.) ~ 


lengthwise 
crosswise 
10° cycles 
cond. 
D.24/23 
Insulation 
€-96/35/90 
Cold Punch 


Are 


















































11,000 





F 
10,500 





G 
24,000 





E 
40.000 





G 
23,009 





E 
15,000 





E 

45,000 ‘ 350,000 G 
G ~ » . E 

20,090 , : 159,050 > , E G F 








(Continued on next page) 
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TABLE |: Properties of most common grades of 


Principal Characteristics 





MECHANICAL GRADES 





x 


Excellent mechanical strength, fair machinability, fair 
electrical properties under dry conditions. 





XP 


Punching grade. Sheets up to 1/32 inch can be cold punched; 
up to 1/8 inch hot punched. 





For mechanical applications requiring toughness and 
impact strength. 





Post-forming grade. Special fabric permits draw and 
stretch to take place in forming. 





Fine cotton weave base for mechanical uses requiring good 
machinability. 





More resistant to heat and stronger than A. 





ELECTRICAL GRADES 





XX 


General purpose electrical grade. Good strength, moisture 
resistance, electrical properties. 





Better than XX in electrical and moisture resistance and 
more suitable for hot punching. : 





Low moisture absorption and dimensional change. Best 
electrical grade of paper base molded tubing. 





Better electrical properties than XXX and more suitable 
for hot punching. 





Fine weave canvas base electrical grade for fine machining. 





High insulation resistance with high impact strength plus 
formability. 





GENERAL PURPOSE GRADES 





CE A 


Electrical applications requiring greater strength than XX; 
mechanical appl. req. greater moisture resistance than C. 





For heat-resisting applications. 





For mechanical applications requiring heat resistance. 





High mechanical strength. Excellent are resistance and electrical 
properties. Will not support combustion. 





High heat resistance. Excellent electrical properties, highest 
are resistance. Will not support combustion. 





Extremely high flexural, impact, and bond strength. Low 
moisture absorption. High insulation resistance. 





High mechanical strength retention at elevated temperatures. 
Will not support combustion. 





Combines some of the superior performance characteristics of 
glass epoxy laminates with fabrication ease of paper phenolic 
laminates. Self extinguishing. 
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industrial laminates (cont'd) 


Suggested 
i pplications 








Terminal boards, structural parts, 
switch bases, washers. 





Terminal boards, switch bases, 
insulating washers, socket bases 





Gears, pinions, cams, bearings, bobbin heads, 
chem. pipe fittings. 





Fan blades, acid tank liners, side panels, 
bulkheads, vent ducts. 





Small gears and pinions, parts requiring intricate 
machining, breaker arms. 





Rotor vanes, water pump thrust washers, caustic resistant 
applications. 








Instrument panels, breaker arms, bobbin heads, 
coil forms 





Condenser stator brackets, switch rotors and stators, 
terminal boards. 





High voltage switch gear, radio, television panels, radio coil 
forms, pack spacers. 





Condenser stator brackets, wave band switch rotors and 
stators, terminal boards. 





Terminal blocks, terminal strips, panels, high humidity 
applications. 





High voltage applications, low loss radio band change 
switch rotors and stators. 








Circuit breaker and switch arms, electrode supports, 
motor bases. 





Electrical appliance insulation, armature slot insulation 
and slot wedges. 





Armature slot wedges, structural parts requiring good 
electrical properties. 





Arc barriers, switchboard panels, 
circuit breaker parts. 





High temperature electrical applications, high frequency 
radio equipment. 





Electrical, mechanical applications under high humidity; 
good chemical resistance to acids, alkalis. 





Applications requiring high strength retention at 
elevated temperatures. 





Electrical applications under high humidity, applications requiring 
good chemical resistance to acids, alkalis. 
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mersed in water for 24 hours. The 
actual flexural strength will be 
greater, and the water absorption 
less, than these published figures. 

Both NEMA and military 
standards show’ minimum and 
maximum property values. In se- 
lecting a laminate for a given 
application, maximum/minimum 
property values are usually more 
satisfactory as a reference than 
typical values. 

It will be noted in Table I that 
the physical, mechanical, and 
electrical properties are given 
quantitative values as well as 
qualitative ratings. On the other 
hand, the chemical resistance of 
the various grades is expressed 
qualitatively only. Because of the 
large number of chemicals which 
are used industrially, it is imprac- 
tical to measure in quantitative 
terms the resistance of the vari- 
ous grades of laminates to all of 
them. For most chemical resistant 
applications, the qualitative rat- 
ing system is a satisfactory selec- 
tion guide. 


Relative costs 


In the usual sense of the term, 
cost is not a “property” of a lam- 
inate. But it is an important fac- 
tor—sometimes the governing 
factor—in the selection of a lam- 
inate grade for an application. 
For in a great many instances, 
more than one grade of laminate 
has the required combination of 
properties; at this point, relative 
costs enter the picture. 

In Table I, opposite, compara- 
tive costs of the grades listed are 
given quantitatively, based on the 
price of Grade XP as 1.0. Ac- 
tually, the figures are qualitative 
ratings rather than absolute fig- 
ures, since the prices of laminates, 
while relatively stable, do vary 
from time-to-time. But the fig- 
ures serve as a useful guide and 
can be easily checked against the 
market prices of laminates at the 
time a selection must be made. 

The cost of the material, how- 
ever, is only one of the cost fac- 
tors to be considered. Equally im- 
portant is the cost of fabrication. 
This in turn depends upon a num- 
ber of other factors, such as forms 
in which the grade is available 
(sometimes a part can be fabri- 
cated at less cost from one form 
than from another), standard tol- 








erance in which the material is 
available (may eliminate an extra 
operation), machinability, and 
punchability. 

As in the case of chemical re- 
sistance, it is practical to list the 
fabricability of various laminates 
only in qualitative terms. This 
has been done in the table. 


Matching properties 
to end-uses 


One way to select a grade for a 
laminate application is to study 
the characteristics of the various 
grades available, then narrow 
down the possible choices to the 
one best grade. 

The number of grades to be 
thus evaluated can be greatly re- 
duced by grouping them into 
broad end-use categories as was 
done in Table I, pp. 598-599. Since 
most of the applications for lami- 
nated plastics are either me- 
chanical, electrical, or a combina- 
tion of the two, the materials in 
the table have been grouped into 
Mechanical Grades, Electrical 
Grades, and General-Purpose 
Grades. 

The first step in matching the 
right property combination to the 
end use is to determine in which 
of the above three categories the 
application falls. Then, after de- 
ciding which properties are most 
important for the application, it is 
comparatively easy to select the 
one laminate in that category 
which has the highest ratings in 
the essential properties. 

Next, the property values 
should be checked to make sure 
that they meet all of the maxi- 
mum or minimum properties re- 
quired by the application. If not, 
it may be desirable to alter the 
design to allow use of the lam- 
inate with the best combination of 
properties that meet maximum/ 
minimum requirements. 

It is, of course, necessary to also 
check the grade selection to make 
sure that it is available in the 
form required and, if it is a fac- 
tor, in the color specified. Finally, 
suppliers’ tolerances must be 
checked to make sure that they 
meet specifications. 

If the application is primarily 
one calling for chemical resist- 
ance, the three categories listed 
in Table I, do not, of course, 
apply. Suggested procedure here 


is to determine whether the sub- 
stance to be resisted is an acid, 
base, or solvent, then run down 
the appropriate column to select 
the grade or grades with the best 
rating. The laminate supplier can 
then furnish more detailed in- 
formation on how resistant the 
laminate is to the particular 
chemical in question, or can make 
tests to determine its resistance. 
In some end uses, the choice of 
laminate will be immediately nar- 
rowed by unusual requirements 
of the application. Thus, a post- 
formed part would require a post- 
forming grade; a copper-clad ap- 
plication, a grade available with 
copper-cladding; and so on. 


Laminate composition 
and end use 


While there is a direct relation- 
ship between the properties of a 
laminate and its end uses, there 
is no such direct relationship be- 
tween the general type of resin 
and base used in the laminate 
and its possible applications. For 
example, a phenolic-resin, paper- 
base grade is not automatically 
best for electrical applications and 
a phenolic-resin, cloth-base grade 
for mechanical applications. As 
can readily be seen in Table I, 
there is considerable overlapping 
in the two categories. The lam- 
inate composition is related to 
end use only when the proportion 
of resin to base material and the 
exact nature of the two compo- 
nents are also considered. 

Thus, Grade X, a _ phenolic- 
paper grade, is recommended for 
mechanical applications, while 
Grade XXXP, another phenolic- 
paper grade, is recommended 
for electrical applications. Grade 
XXXP has a higher percentage of 
resin than does Grade X, hence 
better electrical properties. 


Influence of design 


While the properties of lam- 
inates are the biggest factors in- 
fluencing the selection of a grade, 
the requirements of an end use 
can also be met to some extent by 
the design of the part. 

For example, where water re- 
sistance is required, specification 
of slightly greater thickness on 
the part will often furnish suffi- 
cient water resistance while using 
a less expensive but less water- 


resistant laminate. In the case of 
phenolic-paper laminates, Grade 
XXXP plastic costs approxi- 
mately 12% more than Grade 
XXP, making it worthwhile to 
consider increasing the thickness 
of a part to take advantage of the 
lower cost. 

Also, if both mechanical 
strength and high electrical re- 
sistance are needed, increasing 
the thickness of the insulating 
part may make it possible to use 
a material with good mechanical 
properties while still providing 
the necessary insulation. 

Mechanical strength and di- 
electric strength are only two 
properties that sometimes are at 
odds with each other and which 
can often be harmonized by de- 
sign changes. Others are: 

1) Dimensional stability and 
electrical insulation. 

2) Mechanical strength and 
machinability. In cloth-base lam- 
inate gear blanks, Grade C, with 
comparatively coarse canvas re- 
inforcement, has the greater im- 
pact strength, while other grades 
with finer cloth—such as L and 
LE—have better machinability, 
making it possible to produce 
finer and more accurate teeth 
with a lower noise level. 

3) Flame retardance and im- 
pact strength. Flame retardant 
laminates also cost about 10% 
more than comparable grades 
without flame retardant additives. 

4) Flushability and distortion- 
resistance (in copper-clad lam- 
inates). Flushable grades are 
softer than other grades, hence 
have more tendency to distort 
when subjected to high-tempera- 
ture soldering baths. 

5) Punchability and electrical 
resistance. Cloth-base laminates 
are generally more punchable 
than paper-base grades but have 
less electrical resistance. The 
cloth-base laminates cost more 
initially but finished parts may be 
cheaper because punching costs 
less than drilling and reaming. 

There is one more step which 
can be taken if a careful review 
of the design still does not permit 
use of a standard laminate grade 
for the desired combination of 
properties. The customer can ask 
the supplier to develop a special 
laminated plastic tailored to his 
application. 
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Machining laminates 


General rules for machining 
plastic laminates differ considera- 
bly for different types of lami- 
nates. The following discussion is 
therefore broken down into pro- 
cedures to follow when working 
with paper- and cloth-reinforced 
laminates and when machining 
glass-reinforced materials. 


PAPER AND CLOTH 
LAMINATES 


Most machining operations com- 
mon to metal working can be 
performed on paper- and cloth- 
reinforced plastic laminates. The 
successful fabrication of plastic 
laminates, however, requires ad- 
ditional know-how and an under- 
standing of characteristics and 
limitations. 





Punching 


The term “punching” as used 
here means the production of 
laminated parts by blanking, 
piercing, or shaving or a combi- 
nation of these operations, with 
a suitable die mounted in a punch 
press. 

Laminates vary in their degree 
of punchability and the only de- 
pendable and reproducible test for 
this property is to actually punch 
parts from the laminate in ques- 
tion. 

NEMA standards recognize and 
designate punchability of paper- 
base laminates by the letter “P” 
appearing in the grade number; 
i.e. P, XP, XXP, XXXP, or PC. 
Canvas- and linen-base materials 
are not so designated, and neither 
are glass-base laminates, although 
most of them are punchable at 
least to a degree. 

Grades. Punch grade laminates 
can be subdivided into hot and 
cold punching grades. In order to 
produce good clean parts, the 

mperature to which hot punch 
grades must be heated while 
unching will depend on the in- 

acy of the part, the thickness 
the material, and the standards 
be met. 

tecently, cold punch XXXP 
hnical Representative, General Electric 


Chemical and Metallurgical Div., 3550 N. 
al Ave., Phoenix, Ariz. 
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grades have largely replaced hot 
punch materials in the electronics 
industry. The fact that these fab- 
ricate well by raising the temper- 
ature only a few degrees or not at 
all makes precision parts possible. 
Cold punch materials are practi- 
cally mandatory for the manufac- 
ture of printed circuits into which 
components are inserted by au- 
tomated means. 

Design of parts. For years, the 
rule of thumb used for easy fab- 
rication has been: “No holes 
closer to each other or to the 
edge of the part or smaller than 
the thickness of the material.” 
This is still a good rule for most 
of the hot punch grades; however, 
the advent of better fabricating 
cold punch grades has consider- 
ably relaxed this rule. Holes as 
small as half the thickness of the 
laminate can be punched, al- 
though heating above 100° F. is 
sometimes necessary to reduce 
breakage of the smaller punches. 

Holes may be closer to each 
other or to the edge of the lam- 
inate with a good cold punch 
laminate, but some heating may 
be required and any distance less 
than two-thirds the thickness may 
cause a high reject rate. Always 
try to design rectangular holes 
with a corner radius. Even a Yu- 
in. radius will help to eliminate a 
potential source of cracks. (See 
Fig. 1, below.) 

Die construction and dimen- 
sions. Because of the tendency of 


By J. E. MARTIN* 


laminates to yield, a pierced hole 
will always be smaller than the 
punch which produced it. Simi- 
larly, a blanked part will be 
slightly larger than the die which 
produced it. Table I, p. 602, shows 
the amount by which the punch 
should be oversize. 

Close tolerance between punch 
and die is important for clean 
punching. For standard tolerance, 
the die hole should be no more 
than 0.004 in. larger than the 
punch, giving 0.002 in. clearance 
all around. For close clearance 
and clean work, decrease the 
clearance to 0.001 in., making the 
die 0.002 in. larger than the punch 
(see Fig. 2, p. 602). 

For economy of die construc- 
tion, considerable deviation is 
sometimes made from recom- 
mended punch and die clearances. 
Such deviation should be made 
only where very clean, smooth 
holes are not required and where 
several thousandths of an inch 
tolerance on the size of the hole 
is permitted. 

When blanking to standard tol- 
erances, make the die blanking 
hole print-size; for precision work 
it should be 0.002 in. smaller than 
the print. The same punch and 
die clearance as for piercing ap- 
plies. Make the blanking punch 
0.002 in. to 0.004 in. smaller than 
the die blanking hole, depending 
on whether close or standard tol- 
erance is required. 

When a very clean smooth edge 
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FIG. 1: Illustrating the 
proper sizing and loca- 
tion of punched holes 
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TABLE |: Size of punches for 
paper- and cloth-base 
laminated parts* 





Increase 
punch 
for close 
tolerance 


Increase punch 
size for std. 
tolerance 


Material 
thickness 


in. in. in, 

Mea 0.002 
VWyy 0.003 
Mea 0.004 
lg 0.005 
sg 0.007 
Mo 0.008 
Vea 0.011 
% 0.012 


0.002 


*These data are not valid for glass-reinforced 
laminates. 





is required, as for punched cams 
and similar parts subject to edge 
wear, a shaving stage is incorpo- 
rated in the die. The shaving 
portion is made with a 45° rake 
and is exact print size. It is 
mounted in the die shoe under 
the die and shaves 0.015 to 0.020 
in. from the edge of the blanked 
part. This means that the over-all 
size of the blanking die and punch 
is 0.030 to 6.040 in. larger than 
print size and the shaving die fin- 
ishes the rough blanked part to 
size, 

Heating hot-punch laminates. 
All paper- and cloth-reinforced 
laminates not specifically desig- 
nated as cold punch grades by the 
manufacturer will probably need 
to be hot-punched. 

Infra-red ovens and hot plates 
are the most commonly used 
heating devices. In a typical infra- 


red oven, bulbs or strip heaters 
mounted in reflectors are placed 
directly over the work in such a 
way that the heat input can be 
varied by raising or lowering the 
heating elements. 

For optimum production rate, 
infra-red heaters should be ad- 
justed so that the time to punch 
one strip of material coincides 
with the time required to heat 
the next strip. 

When a hot plate is used, sev- 
eral strips are placed on the plate 
side by side. The operator uses 
them in rotation, adding a new 
strip for each one removed. 

No specific temperature can be 
designated for general use. One 
method which has been used to 
determine temperature is to find 
the time it takes a strip to blister 
under the heat source and then 
control the operating time to a 
value between 25 and 75% of the 
blister time. The exact value will 
depend on the particular job. 

Most hot punch laminates blis- 
ter at temperatures between 375 
and 450° F. They will also become 
too brittle to punch if held above 
300° F. for prolonged periods, and, 
for this reason, laminates are al- 
ways removed from the oven dur- 
ing lunch periods, coffee breaks, 
or other punch-press downtime. 

Some embrittlement may occur 
at temperatures below 250° F., but 
a well-formulated, fully cured 
phenolic board should not be af- 
fected appreciably by a 1- to 2-hr. 
exposure at this temperature. 

Crayons and inks which melt at 
a precise temperature are very 
convenient tools for determining 


FIG. 2: An example of the proper sizing of a punch and die to pierce 
a 1/16-in. laminate with a 1 in. diameter hole. For tolerances to be 
used on other thicknesses of laminate from 1/64 to 1/8 in., see Table 
1, above. Oversize tool allows for snap-back of material 
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the temperature of the work. 
Electrical parts marked with these 
materials should be carefully 
cleaned or scrapped as the residue 
may affect the electrical proper- 
ties of the finished part. 

Temperature control is impor- 
tant in precision work where print 
tolerances are close, because the 
thermal expansion of the material 
will affect the dimensions of the 
finished part. With the exception 
of a few special grades which are 
cross-laminated, laminates are 
anisotropic with respect to ther- 
mal expansion. 

Typically, hot punch paper- or 
cloth-phenolic laminate will ex- 
pand from 1.7 X 10° to 3.6 x 10° 
in./in./°F. with the grain direction 
of the material and about 1% that 
much in the other direction. For 
example, take a piece of laminate 
having a coefficient of thermal 
expansion of 2.2 X 10° in./in./°F. 
with the grain and 3.1 xX 10° in,/ 
in./°F. across the grain, heat it to 
320° F., and blank it in a die 
which gives a perfect 3 in. square 
at 70° F. The contraction with the 
grain upon cooling the blanked 
part will then be 0.000022 in./in./ 
°F. X (320 —70) °F X 3 in. or 
0.0165 inch. The crossgrain con- 
traction will be 0.000031 in./in./ 
°F. X (320 —70) °F X 3 in. or 
0.0233 inch. The finished 3 in. 
“square” will then be 2.983 x 2.977 
in. at 70° F. if the yield of the 
material is neglected. 

For close tolerance parts, the 
design engineer should factor in 
the manufacturer’s data on coeffi- 
cient of thermal expansion and 
should also realize that the preci- 
sion of these data is usually not 
better than +25 percent. 


Circular sawing 


Steel saws. Good results are ob- 
tained with steel saws running at 
rim speeds of 7500 to 10,000 ft./ 
min. The number of teeth should 
vary according to the thickness of 
the laminate. Use saws with 10 to 
12 teeth/in. of diameter for lam- 
inates up to %-in. thick. For 
thicknesses of %4 to 1 in., 6 to 8 
teeth/in. is satisfactory and 4 
teeth/in. or coarser should b 
used for laminates thicker than 
1 inch. 

Steel saws should have some 
alternate set; for very smooth 
cuts on thin stock, hollow grounc 
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TABLE Il: Punching tolerances for punched laminated parts 





Tolerances Tolerances 
for blanked for shaved 
parts, parts, 
over-all over-all 
dimension dimension 


Tolerances on distance between holes 
-———and slots, incl. hot punched*———_, 
Up to 2 in. 3 in. 
2 in. to 3 in. to 4 in. 


Tol. on 
hole size 


Base 
material 


Material 
thickness 


4in. 
to 5 in. 


in. 


Up to and 
incl. %g¢ in. 


0.0015 
0.0015 


Paper 
Cloth 


Over \4g¢ in. 
to and incl. 


Paper 
Cloth 


Over 30 in. 
to and incl. 
lg in, 


Paper 
Cloth 


0.005 
0.003 


in, in. in. 


0.003 
0.002 


0.004 


J 0.005 
0.003 


0.004 


0.005 
0.003 


0.006 
0.004 


0.007 
0.005 


0.008 
0.006 


*Use one-third of tolerance given between holes when punching at or near room temperature 


All toleramces are +. 


in. in, in, 


0.006 
0.005 





blades with 15° alternate top bevel 
are especially suggested (see Fig. 
3, p. 604). 

Carbide-tipped saws. Blades 
with carbide tips will give 40 to 50 
times longer service than steel 
saws and will give smoother top 
and bottom edges over a longer 
cutting life. 

Two tooth forms are suggested. 
For materials less than % in. 
thick or where good bottom edge 
cuts are required, a 15° alternate 
top bevel with a tooth pitch of 
less than %e in. should be used. 

The other shape, which will not 
give as clean a bottom cut but 
which will run longer between 
sharpening because it is a stronger 
tooth form, is known as the AC-30 
(alternate corner 30° relief). This 
is a flat top or swage tooth with 
alternate corners relieved (see 
Fig. 3, p. 604). 

A radial hook of 7 to 12° should 
be provided for table saws or 
other machines making a conven- 
tional cut; however, zero radial 
hook is recommended for saws 
with a climb cut action such as 
is provided with some of the ra- 
dial arm types. 

n order to obtain maximum 

' between sharpenings, every 

iree of vibration either in the 

or the material being cut 
st be eliminated. The blade 
uld run true to within 0.005 
run-out and the arbor and 
ars must be in exact align- 
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ment with the blade; power feed 
will help to reduce vibration, but 
it is not essential. 

Reduced susceptibility to vibra- 
tion is probably the reason that 
heavy kerf blades stay sharp 
longer than thin ones. Where thin 
blades must be used, it will help 
to use stiffening collars of the 
largest diameter commensurate 
with the depth of cut. 

Bandsawing. A tempered steel 
20-gage (0.037 in.) saw with stag- 
gered teeth is recommended. Use 
a 3- to 5-pitch saw for thick ma- 
terial and 6 to 7 for thin sheets. 
The set should be medium for 
straight work and heavy for cir- 
cular cuts. A blade 1 to 1% in. 
wide is satisfactory for straight 
cuts, but for circles down to a 2 
in. diameter use a %-in. blade. A 
%4- or 3g-in. blade is needed for 
small circles and scrolls. 

The speed may vary from 2000 
ft./min. for heavy work up to 6000 
ft./min. for “%e-in. stock. Feed 
should be slow enough for free 
cutting. 


Drilling and tapping 

High speed drills having the lip 
backed off for plenty of clearance 
are satisfactory for limited pro- 
duction. Drills tipped with Car- 
boloy' cemented carbide should 
be used for large production runs. 

The most generally satisfactory 
drill has a rather steep twist and 


1General Electric registered trademark. 


a thin web with highly polished 
flutes. Such drills are known to 
the fabricating trade as Bakelite 
drills (see Fig. 4, p. 605). 

Operate drills at the highest 
speed possible without burning. 
For % in. this will be from 2000 
to 3000 r.p.m. and can go up to 
20,000 r.p.m. for a '%42-in. Carbo- 
loy-tipped drill. 

Because of the resiliency of 
laminates, drills always produce 
holes with minus tolerances, as 
shown in Table III, p. 604. For 
very close tolerance, a reaming 
operation is indicated. Reverse 
spiral reamers work best, but any 
standard reamer will do a fair to 
good job. 

Tapping is best done with 
chrome plated and ground taps. 
Taps should be 0.003 to 0.004 in. 
larger than for metal. Use about 
same feed and speed as for brass. 
An oil emulsion for lubrication 
and cleaning chips is helpful. 

When drilling or tapping par- 
allel to the laminations, always 
clamp the work between two sup- 
ports to prevent splitting. This is 
not necessary when working per- 
pendicular to the lamination, al- 
though a backup to prevent chip- 
ping makes a cleaner hole. A pilot 
hole helps in drilling large holes. 


Turning and screw machining 


Laminates can be turned with 
high-speed steel tools at about 400 
surface ft./min.; however, with 








Carboloy-tipped tools, the speed 
can be doubled or even tripled. 
Very sharp round-nose tools with 
30 to 60° clearance angle and a 
slight negative rake are recom- 
mended. Fairly coarse cuts can be 
taken, leaving 0.010 to 0.015 in. for 
a smooth final cut. 

For production runs on auto- 
matic screw machines, Carboloy 
tools with tool steel cams are sug- 
gested, but for shorter runs, high 
speed tools and laminated cams 
may be used. 


Because of the laminated struc- 
ture, climb or down milling is al- 
ways used to prevent any ten- 
dency toward delamination. The 
feed and speed are similar to 
those used for brass. Cutters 
should have a negative rake of 
about 10°. When milling across 
the laminations, it is important to 
clamp a backup to the work to 
prevent separation of the last 
lamination or two by the cutter. 
This is also important when mill- 
ing a groove on the edge of a 
laminated board, as the cutter 
will exert a force similar to that of 
a drill entering parallel to the 
lamination. 


Shearing 

Shearing is accomplished with 
a power guillotine shear of the 
same general type used to shear 
metal, the principal difference be- 
ing that the blade clearance is set 
much closer for plastic than for 
metal. 

Blades are sharpened square, 
they are fairly heavy, and are 
mounted sturdily to eliminate the 
possibility of blade interference 
which might be caused by bowing 
due to thermal expansion during 
hot shearing. Too much clearance 
between blades causes a rough 
sheared edge and a newly sharp- 
ened shear should be set at 0.001 
in. clearance or even less, if 
possible. 

The moving blade is set at an 
angle of around 1° with the sta- 
tionary blade. Although this is not 
critical for some applications, too 
great an angle will increase the 
frequency of featherlike cracks on 
the cut-off piece and a very small 
angle will increase the power 
requirement of the shear. 

Most laminates can be sheared 





TABLE Ill: Tolerances on 
drilled hole diameters 





Tolerance 
(all minus) 


Drill diameter 
in. 

Myo to Ys 

Above % tol 

Above 1 to 1% 

Over 1% 





up to % in. thickness; however, 
many of them need to be heated 
to prevent feathering and break- 
out along the sheared edge. 

A satisfactory method of heat- 
ing is to assemble a bank of infra- 
red strip heaters about the size of 
the sheets to be sheared. This 
heater unit is suspended on a 
chain block above the stack of 
sheets. By adjusting the distance 
of the heaters from the top sheet 
in the stock, the time required to 
heat the top sheet may be made 
to coincide with the time used to 
shear the preceding sheet. 

If very narrow strips are being 
sheared, the sheet may cool ex- 
cessively in the shear, making the 
last strips rather rough. For such 
work, a hotplate should be added 
to the bed of the shear. 


FIG. 3: Showing two com- 
monly used saw tooth de- 
signs for paper and cloth 
laminates. At left, two suc- 
cessive teeth on a 15° al- 
ternate bevel saw. Right, two 
successive teeth on 30° al- 
ternate corner relieved (AC- 
30) type of saw 





GLASS-REINFORCED 
LAMINATES. 





The resins used to bond glass 
cloth reinforcement for high pres- 
sure laminates are epoxy, mela- 
mine, phenolic, and silicone. Their 
ability to wet the glass fibers and 
form a strong interlaminar bond 
is generally in the order named. 
This means that while it may be 
possible to drill or to mill across 
laminations of an NEMA G-10 
glass-epoxy laminate without a 
backup, if the same technique 
were to be applied to glass-sili- 
cone the result will almost cer- 
tainly be delamination of the last 
layer or two. 

Table IV, p. 605, shows the 
grades of glass-reinforced lam- 
inate that are recognized by 
NEMA Standards. Note that in 
the case of the glass-silicone 
and glass-phenolic laminates, two 
grades of each are recognized. 
Grades G-2 and G-6 are re- 
inforced with glass cloth woven 
from a staple fiber yarn. The 
countless short fiber ends which 
give the cloth its fuzzy appearance 
also contribute to the interlaminar 
bond. Therefore, Grades G-2 and 
G-6 are a little less likely to peel 
apart than Grades G-3 and G-7; 
however, the latter two have 
somewhat higher flexural and 
tensile strength. 

The epoxy resin used in NEMA 
G-10 laminates is different from 
the others in that it softens ap- 
preciably at high temperature 
even though it is classed as a 
thermosetting material. To the 
fabricator this means that exces- 
sive heat developed during a 
drilling or sawing operation can 
cause tools to become resin 
fouled. The newer G-11 high- 
temperature glass-epoxy is in 
general much better in this re- 
spect although most G-11 lam- 
inates will dull tools more rapidly 
than G-10. 

NEMA Grade GPO-1, a poly- 
ester laminate reinforced with 
random fiber glass mat, is not 
strictly speaking a true high- 
pressure laminate. Although the 
polyester bonds well to the glass 
the resin does not soften with 
heat, and the same general fabri- 
cating techniques apply to it a: 
to the other grades that have beer 
mentioned. 
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The abrasive nature of glass 
dulls steel tools rapidly, so car- 
bide-tipped or diamond tools are 
always recommended. When dry 
machining operations are carried 
out, an efficient dust collector is 
necessary as the abrasive dust is 
very hard on machinery and is 
also irritating to the operator. 

Wet machining -is easier to do, 
partly because it provides some 
lubrication and partly because it 
cools the work and the tools. 
Aqueous systems, especially if 
they contain a detergent or wet- 
ting agent, may degrade the elec- 
trical properties of the material 
and for critical applications fin- 
ished parts should be well washed 
with pure water and dried in a 
forced air oven for at least an 
hour or two at 130° C. before 
packing or storing. 

Because some grades delami- 
nate easily, the work must be 
clamped between supports for any 
milling or drilling operation per- 
formed on the edge of a laminated 
sheet. For the same reason a 
laminated tube should always be 
so mounted in a lathe that the di- 
rection of rotation is kept the 
same as that used when the tube 
was rolled. 


Punching 


All glass laminates are punched 
at ambient conditions. There are 
no hot punch grades. This means 
that in designing dies the coeffi- 
cient of thermal expansion of the 
material may be neglected. 

The tendency of the laminate to 
yield, causing pierced holes to be 
smaller than the punch and 
blanked parts to be larger than 
the die, is markedly less than with 
paper and cloth reinforced lam- 
inate compositions. 

In general, punches and dies 
should be oversize by about 3% 
of the material thickness; i.e., a 
punch for \ in. material would be 
about 0.004 in. oversize instead of 
the 0.010 to 0.012 in. recommended 
for paper or cloth (cellulosic) 
based laminates. 

To minimize any tendency for 
the top or bottom sheet to delam- 
nate while being pierced, clear- 
ance between punch and die as 
well as between punch and strip- 
er should be held to a maximum 

f 0.002 inch. 

For the same reason, compound 
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FIG. 4: Two sketches of the 
types of drills used for lami- 
nates. At left, the Bakelite 
drill with a 70° point is 
used for paper and cloth 
laminates. A _ high spiral 
drill with a 118° point, found 
best for use with glass re- 
inforced laminates, is shown 
at the right 


dies with spring loaded strippers 
are preferred over those with box 
strippers, as their design helps to 
hold the material firmly in place 
while the punches enter and are 
then withdrawn. 

For short runs, tool steel dies 
may be used but for production a 
hard chrome plate on both punch 
and die will pay for itself several 
times in reduced tool wear. Very 





TABLE IV: NEMA grades of 
glass reinforced laminates 





NEMA grade Resin 


Cloth 
G-2 Phenolic 
G-3 Phenolic 


Staple fiber 
Continuous 
filament 
G-5 Melamine Continuous 
filament 
Staple fiber 
Continuous 
filament 
Continuous 
filament 
Continuous 
filament 
Random 
fiber mat 


G-6 Silicone 
G-7 Silicone 
G-10 Epoxy 
G-il Epoxy 


GPO-1 Polyester 





large production will probably 
justify the expense of carbide- 
tipped punches. 

Because of the high shear 
strength of glass-reinforced lam- 
inates, pierced holes smaller in 
diameter than the material thick- 
ness are likely to be the cause of 
excessive punch breakage. The 
force required to blank parts may 
be decreased by putting a slight 
rake on the blanking punch, but 
piercing punches are ground 
straight across with no shear or 
rake. 

In designing and setting up the 
die, the stroke of the punch press 
must be great enough to permit 
the punch to pass completely 
through the die, ejecting the part, 
instead of depending upon a suc- 
ceeding part to push it out as is 
usually done with paper and cloth 
reinforced laminates. 


Circular sawing 


Glass-reinforced laminates are 
so abrasive that steel saws are not 
economical even for limited pro- 
duction runs. 

Carbide-tipped saws are some- 
times used and a strong tooth 
form, such as the previously dis- 
cussed AC-30, is required. More 
so with glass than with other lam- 
inates, it is of prime importance 
to eliminate run-out and vibra- 
tion. Either of these will cause a 
saw to become dull very rapidly. 

If any substantial volume of 
sawing is to be done, the extra in- 
vestment for a diamond-to-steel- 
bonded saw will pay for itself over 
a period of time. This type saw 
operates best at speeds of 5000 to 
10,000 surface ft./min. and, like all 
other saws, will give longer life 
if carefully mounted to minimize 
vibration. 


For extended production, a dia- 
mond-to-steel-bonded bandsaw is 
the most economical. Although 
expensive, they have been known 
to outwear more than a hundred 
ordinary blades. These saws run 
at around 3000 surface ft./min., 
with just enough tension to pre- 
vent slippage. Keep the rollers and 
guides close to the work to pre- 
vent strains which could result in 
breakage. 

Ordinary bandsaws can be used, 
although they will become dull 








QUESTIONS... 


When it comes to plastics, 
who has the answers? 
We do! 


® Next time you have a specific 
problem—and want the solution 
fast—just drop a line to MODERN 
PLASTICS Readers’ Service De- 
partment. Your needed informa- 
tion—whether simple or highly in- 
volved—will be in your hands 
promptly. 

Each month our Readers’ Serv- 
ice team answers many hundreds 
of queries such as . “Please 
recommend a material which will 

”... “Do you know a manufac- 
turer who. . .?”... or “Where can 
I purchase a machine that . . .?” 
and so on. With their extensive 
files, reference library and wide 
knowledge of the industry they 
are ready with information that is 
yours simply for the asking. Just 
state your question clearly in a 
letter and mail it to 


Readers’ Service Department 
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in a few minutes and will cut 
rather slowly. The life of steel 
bandsaws can be prolonged five to 
tenfold by putting 0.0002 to 0.0005 
in. of hard chrome plate on the 
blade. Blades should be of the 
buttress or skip tooth variety with 
8 to 10 teeth/inch. The amount of 
set will be about half the blade 
thickness or around 44, inch. Run 
the blades at approximately 800 
surface ft./minute. 


Use carbide tipped tools at 
from 400 to 800 ft./min. surface 
speed. The low interlaminar bond 
strength of some of the glass lam- 
inates makes it mandatory to use 
climb or down milling to prevent 
delaminating the work. When 
milling across the laminations, al- 
ways clamp the work between 
supports to prevent delamination. 

The correct feed rate can best 
be described as one which is 
rapid enough to make the tool cut 
without rubbing and at the same 
time slow enough to make the tool 
cut its own way without being 
forced. Either too slow or too fast 
a feed will decrease tool life. 


Turning 


These operations can be per- 
formed in ordinary engine lathes 
at surface speeds of 150 to 200 ft./ 
min. and a feed of about 0.010 in. 
per revolution. Carbide-tipped 
tools having a 33° clearance angle, 
no back rake or lip, and a side 
rake of 13° are satisfactory. Sharp 
points on lathe bits wear away 
quickly, so any bit point should 
be dressed to a radius as large as 
the job will permit. 

The cutting tool should be set 
to the center line of the work and 
the tool holder should be swung 
to such an angle that the heel of 
the cutting edge is in advance of 
the point. This will prevent goug- 
ing or peeling and result in the 
shearing which is desired. 

If the work piece is mounted 
between centers, female centers 
should be used to avoid delamina- 
tion at the end. A ball-bearing 
center should be used in the tail 
stock to minimize frictional heat. 

Most ordinary lathe operations 
can be performed on glass-base 
laminates, but both internal and 
external threading operations are 
generally unsatisfactory because 


of the brittle nature of the ma- 
terials. Good part design would 
avoid any type of external thread 
on glass-base laminates, and in- 
ternal threads, best done by tap- 
ping, should be confined to pitches 
small in proportion to the thick- 
ness of the part. 

If external threading cannot be 
avoided, threads which have a 
good appearance can be made on 
epoxy or melamine by grinding. 
Their strength is questionable, 
however, and models should be 
made and tested before incorpo- 
rating such parts in a design. 


Drilling 


Using a variety of drill con- 
figurations supplied by the Cleve- 
land Twist Drill Co. for testing, 
some conclusions and observations 
have been reached which may 
prove helpful. 

1) Point angles less than 90° 
will drill faster than those above 
90°; however, the holes will not be 
as clean and, therefore, point 
angles greater than 90° are recom- 
mended for work where inspec- 
tion standards are high. 

2) The useful life of a high 
spiral drill is nearly twice that of 
a drill with a regular helix, other 
factors being equal. 

3) Drill life with G-11 laminate 
is on the order of approximately 
one-third that obtained when 
drilling G-10 laminate. 

4) The efficiency and quality of 
a drilling operation can usually be 
judged by observing the material 
which is being removed. Separate, 
well-defined chips mean the drill 
is cutting a good clean hole. A 
powdery residue, naturally, indi- 
cates that the drill is not work- 
ing at top efficiency. 

5) In drilling copper-clad lami- 
nates, a point angle of less than 
90° has a greater tendency to raise 
burrs on the copper than does a 
wider point. 

6) In drilling General Electric 
Textolite G-10 and G-11 lami- 
nates, on which most tests were 
conducted, a high spiral drill with 
a 118° point, as shown in Fig. 4, 
was found to be the best. A dif- 
ferent shape point, probably 
somewhere between 90 and 125°, 
may be found to be considerably 
more efficient when drilling « 
equivalent grade made by another 
well-known manufacturer. 
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Reinforced plastics 


Since the development of reinforced plastics, less 
than 20 years ago, these versatile molding materials 
have changed the face of many industries. 

The plastics generally used are epoxy or poly- 
ester resins, but phenolics or silicones can be em- 
ployed. The reinforcing material can be glass in 
fabric, mat, yarn, or roving form, asbestos fibers, 


sisal fibers, or other natural or synthetic fibers. The 
role of this reinforcing material, like steel in con- 
crete, is to add mechanical strength, impact re- 
sistance, and dimensional stability. 

The industry’s molding methods are described 
on pp. 607-609, based on data prepared by The 
Reinforced Plastics Div., S.P.I. Prepregs are de- 
scribed on p. 610. 

Below, reinforced plastics are contrasted with 
steel and aluminum—two of the materials with 
which they compete. 





TYPICAL PROPERTIES—REINFORCED PLASTICS? 





12 ply laminate, 
3% oz. glass mat 
Flexural strength, ult. p.s.i. 32400 
Flexural modulus, p.s.i. 1.65 x 10° 
Tensile strength, p.s.i. 25000 
Izod impact (notched bar) 17.7 
Specific gravity 1.55 
Specific flexural strength 21000 
Specific flexural modulus 0.78 x 10° 
Specific tensile strength 16100 
Specific impact strength 114 


or 


© resin 46 


*Data given shows range of properties. For specific data, consult your molder. 


glass cloth steel 


11 ply laminate, 


181—114 Structural 


Aluminum 


47000 40000 45000 

2.7 x 10° 28 x 10° 10.3 x 10° 
36100 42000 45000 
12.9 45 25 

181 7.85 2.77 
26000 5100 16200 

15 x 10° 3.57 x 10° 3.7 x 10° 
20000 5350 16200 

71 5.7 9.0 

36 — — 





Hand lay-up 


Do you need a giant, lightweight display model, 
a big chemical tank, a boat, or a special body for 
a truck? These are just some of the applications 
for hand lay-up laminating. 

Molds of wood, plaster, or reinforced plastics are 
used. Layers of reinforcement, coated with cata- 
lyzed resin, are built up in the molds by hand. The 
number of layers used depends on the strength re- 
quired in the finished product. 

One popular technique used with hand lay-up 
is called bag molding, e.g., a flexible bag or blanket 
(fabricated of cellophane, PVA film, or rubber) is 
used to apply pressure against the lay-up while it 
cures. There are two variations on this technique: 
1) vacuum blanket molding, in which the bag is 
placed over the lay-up and clamped in place and 
a vacuum is then drawn to exhaust the air between 
the mold and the bag; and 2) pressure bag mold- 
ing in which a pressure plate is substituted for the 
clamping ring, thus providing a cover for the mold. 

Epoxy and polyester resins are generally used in 
this process. The reinforcement can be woven fab- 
ric or felted mat or glass fibers, natural, or other 
synthetic fibers. 

Advantages of the system are low-cost molds, 
lack of size restriction, and the art manual labor 

in contribute to fabricating. Physical properties 

e high. Architectural panels, ducting, large con- 

iners, radomes, wing sections, missile noses, and 

usings are some other applications for this lami- 
iting technique. 
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TYPICAL PROPERTIES—HAND LAY-UP 





Specific gravity 

Tensile strength, 
p.s.i. 

Tensile modulus, 
p.s.i. 

Compressive 
strength, p.s.i. 

Flexural strength, 
p.s.i. 

Flexural 
modulus, p.s.i. 


Mat 
14—1.7 


10000—20000 
08 x 10°— 
18 x 10° 


15000—25000 
20000—40000 


1.2 x 10°— 
18 x 10° 


Fabric 


16—2.0 


30000—50000 
15 x 10°— 
45 x 10° 


30000—56000 
45000—75000 


2x 10°— 
4x 10° 


Impact strength 
(ft.Ib./in.) 5—25 20—30 
Hardness 
(Barcol) 40—80 45—85 
Moisture 
pick-up (%) 
Burning rate 
(in./min.) 
Heat resistance 
(continuous, 
°F.) 150—350 
Resistance to acids 
and alkalies 
Resistance to solvents 
Machining 
qualities 
Dielectric 
constant, 1 Mc. 
9360 Mc. 


05—1.0 05—1.0 


Slow to self-extinguishing 


Fair to excellent 
Good to excellent 
Fair to good, 
use carbide or diamond tools 


4 to 46 
4.1 to 45 
Loss tangent, 1 Mc. 0.01 to 0.06 
9360 Mc. 0.01 to 0.03 
Resin content, % 45—55 





matlsiiMeliltmiurht 


Fully automated production, at rapid cycling 
rates, is possible with the matched metal die pre- 
form technique for molding reinforced plastic parts. 
This process, developed in 1947 to fabricate wash- 
ing machine tubs, is now used to make a range of 
products from small light shades to 17-ft. boats. 

Parts made by this method are molded in min- 
utes to precise dimensions, and require no finish- 
ing as they come from the press. 

The tooling required is solid steel for small prod- 
ucts, and cast Meehanite or semi-steel for larger 
parts. Typical dies used are positive-pressure, 
matched-metal, steam-heated dies. Properly con- 
structed matched-metal dies telescope within each 
other to place the resin under pressure in the same 
way that fluid is compressed by the piston in a hy- 
draulic cylinder, Sizable presses are utilized, and 
parts are formed through a combination of pres- 
sure and heat. The resins employed are generally 
polyester or epoxy and the reinforcement is 
chopped glass fibers. In a preliminary step, these 
two components are combined into a preformed 
shape. 

Major advantage of this method is its high-speed 
production possibilities. Production rates of simple 
parts weighing up to 3 lb. will run as high as 200 
parts/8-hr. shift in a single-cavity set of dies in a 
suitable and properly controlled press. The molded 
parts also have high strength, uniform appearance, 
and good surface finish. 





TYPICAL PROPERTIES—-PREFORM AND MAT 





Specific gravity 15—16 
Tensile strength, 

p.s.i. 10000—24000 
Tensile modulus, 

p.s.i. 08 x 10° — 18 x 10° 
Compressive strength, 

p.s.i. 18000—30000 
Flexural strength, 

p.s.i. 25000—45000 
Flexural modulus, 

p.s.i, 1.25 x 10° — 18 x 10° 
Impact strength 





(ft.lb./in.) 
Hardnegs (Barcol) 
Moisture pick-up (%) 
Burning rate 


Heat resistance 
(continuous, °F.) 
Resistance to acids 
and alkalies 
Resistance to solvents 
Machining qualities 


Dielectric constant, 60 cyc. 


1000 cyc. 


Dielectric strength (v./mil.), 


unfilled/filled resin 


Resin content, % 


608 


13—25 (unnotched) 

40-80 

0.1—1.0 

Slow to self- 
extinguishing 


150—400 


Fair to excellent 
Good to excellent 
Good with carbide or 
diamond tools 
45-6 
3—4 


400 /500—700 
50 





ad 


jf your product requires unusual mechanical, 
chemical, or electrical properties, or is oddly 
shaped with bosses and widely varying thicknesses, 
investigate premix. Using a variety of materials, 
premix molders and suppliers specialize in tailor- 
ing reinforced plastic compounds to fit end uses. 

In premix molding, the reinforcing materials, 
resin, and fillers are combined in a doughy mass 
that is placed in metal molds and rapidly cured 
by heat and pressure with either compression or 
transfer molding methods. Almost any standard 
press is satisfactory. The principal feature to in- 
corporate is rapid closing. The type of mold to be 
used depends upon the part under consideration. 
Flash, semipositive, and positive molds have been 
used successfully in premix molding. 

Reinforcements used include glass, sisal, asbestos, 
and synthetic chopped fibers. Commonly used 
resins are polyester, epoxy, and phenolic. A range 
of fillers is also employed, including clay, ground 
limestone, or whiting, gypsum, and talc. 

Applications for the process include electrical 
parts, trays, pump impellers, handles, boxes, hous- 
ings, structural parts, and auto heater ducts. The 
system’s advantages include fast production rates, 
excellent surface finish, and design possibilities 
that permit complex parts with ribs, inserts, molded 
holes, etc. Equally important are the cost savings 
and the broad variation of physical and chemical 
properties offered by this system. 





TYPICAL PROPERTIES—PREMIX 





Specific gravity 1423 

Tensile strength, p.s.i. 5000—10000 

Tensile modulus, p.s.i. 15 x 10°—2 x 10° 

Compressive strength, p.s.i. 13000—27000 

Flexural strength, p.s.i. 6000—26000 

Flexural modulus, p.s.i. 1.5 x 10°—2.5 x 10° 

Impact strength (ft.lb./in.) 1—25 

Hardness (Barcol) 60—90 

Moisture pick-up (%) 0.05—0.2 

Burning rate (in./min.) 0.35—7.5 to self- 
extinguishing 

Heat resistance (continuous, °F.) 250—450 

Resistance to acids and alkalies Fair to excellent 

Resistance to solvents Good to excellent 

Machining qualities Good with carbide 
or diamond tools 

Dielectric constant, 1 Mc. 4to6 

9360 Mc. — 

Dielectric strength (v./mil.) 200—400 

Arc resistance (sec.) 160—190 

Volume resistivity (ohm-cm.) 1 x 10°—1 x 10” 

Surface resistivity (ohm-cm.) 2x 10°—1 x 10” 

Volume resistance (megohms) 1—2 x 10° 

Surface resistance (megohms) 7 x 10°\—4 x 10° 

Resin content, % 20—35 


LAMINATES AND REINFORCED PLASTICS 



























Filament winding 


For products that must be capable of meeting 
the severe physical requirements of the jet and 
nissile age, the reinforced plastics industry has de- 
veloped the exacting fabrication technique of fila- 
ment winding. 

In this process, ‘glass roving is concentrically 
wound, at high speed, about a metal form. Two 
basic types of filament winding are presently in 
use: 1) helical, which uses a varying pattern to 
optimize strength in either the longitudinal or hoop 
direction; and 2) biaxial, which produces essentially 
longitudinal and circumferential patterns with 
variations to accommodate specific loads. Either be- 
fore, during, or after the winding step, the glass is 
coated with catalyzed resin, generally a high-heat- 
resistant polyester. The angle at which the glass 
filaments are wound is precisely controlled for 
high strength characteristics. Products formed by 
this technique have strength properties about 10 
times greater than parts made by any other rein- 
forced plastics molding method. 

Developed in 1951, the process was first used to 
make pressure bottles to operate at 3000 p.s.i. in 
jet aircraft starters. Today’s applications include 
radomes for missiles and supersonic planes, rocket 
motor cases, missile bodies, pipe, chemical tanks, 
and pressure bottles. Main advantages are degree 
and uniformity of strength that can be engineered 
into parts made by this process, plus the relatively 
inexpensive raw materials used. 








also to make possible on-the-site fabricating, the 
reinforced plastics industry developed the spray-up 





TYPICAL PROPERTIES—FILAMENT WINDING 





Specific gravity 1.7—19 
Tensile strength, 

p.s.i. 80000—250000 
Tensile modulus, 

p.s.i. Up to7 x 10° 
Compressive strength, 

p.s.i. 50000—75000 
Flexural strength, 

p.s.i. 100000—200000 


Flexural modulus, 
p.s.i. Tra 


Impact strength 


(ft.Ib./in.) 50—70 (unnotched) 
Hardness — 
Moisture pick-up (%) 0.1—-05 


Burning rate (in./min.) Slow to self- 

extinguishing 
Heat resistance 

(continuous, °F.) Up to 500 
Resistance to acids 

and alkalies Fair to excellent 
Resistance to solvents Good to excellent 
Machining qualities 

used as molded. 
Dielectric constant, 1 Mc. -- 
9360 Mc. 4.1 to 4.5 


sin content, % 15—25 
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Poor to fair. Should be 





Spray-up 


To speed output of boats and other products, and 


molding method. 

It utilizes the same types of molds used in hand 
lay-up, but the reinforcing material and plastic are 
applied with spray guns. Several types of guns are 
used throughout the industry. Some spray both 
resin and reinforcement simultaneously. In this 
type, the spraying units are mechanically linked, 
yet separately adjustable so that a predetermined 
proportion of glass and resin can be applied to the 
mold surface, with the individual glass filaments 
thoroughly and uniformly wetted with the resin. 
Other units spray alternate streams of resin and 
reinforcement, and still other types spray just the 
catalyzed resin. 

The resins used are epoxies or polyesters. The 
guns that deposit reinforcement use continuous 
filament glass fibers that are chopped into small 
lengths as they are applied. Glass fabric and mat 
are employed with resin-only guns. 

The major advantages of this system are the fast 
production rates that are possible, and low-cost 
molds. Other factors are that large moldings are 
possible, and that the spray equipment can be 
taken to the job site for special projects. Applica- 
tions for this spray technique, in addition to boats, 
include swimming pools, roofing, and chemical 
tanks. 








TYPICAL PROPERTIES—SPRAY-UP 





Specific gravity 14—1.46 
Tensile strength, 

p.s.i. 9000—18000 
Tensile modulus, 

p.s.i. 08 x 10°—18 x 10° 
Compressive strength, 

p.s.i. 15000—25000 
Flexural strength, 

p.s.i. 16000—28000 
Flexural modulus, 

p.s.i. 1 x 10°—12 x 10° 
Impact strength 

(ft.Ib./in.) 5—15 
Hardness (Barcol) 40—80 
Moisture pick-up (%) 0.05—1.0 
Burning rate Slow to self- 

(in./min.) extinguishing 
Heat resistance 

(continuous, °F.) 150—350 
Resistance to acids 

and alkalies Fair to excellent 


Resistance to solvents Good to excellent 


Machining qualities Fair, use carbide or 
diamond tools 
Resin content, % 60—70 








Preimpregnated reinforced plastics 


By JOHN L. STIEF, JR.* and HAL J. RIEDT 


ome er preimpregnated 
reinforced plastics, are ready-to- 
mold combinations of resin and 
reinforcement, in the desired pro- 
portions and in one easy-to-han- 
dle material. The alternative is 
the wet lay-up method of com- 
bining resin and reinforcement in 
the mold. 

Major advantages of using pre- 
pregs for molding reinforced plas- 
tics products are: 

1) Higher strength and accu- 
rate reproducibility in part after 
part. 

2) Reduction in raw materials 
inventories (with prepregs, there 
is only one material to stock, 
store, and handle). 

3) Elimination of problems of 
material formulation. 

4) Elimination of much waste. 
Prepregs can be die cut to shape 
to keep resin-web ratio uniform 
and hold flash to a minimum. It is 
also possible to take the scrap 
left after a pattern is die cut from 
the prepreg, chop it up or macer- 
ate it, and use it as a molding 
compound, 

5) Adaptability to automated, 
mass-production techniques. The 
continuous prepreg web can be 
prepared for molding by cutting, 


"Vice Pres., Plastics Div., Coast Mfg. & Sup- 
ply Co.; Chairman, Prepreg Div., $ Br 

+Gen. Sales Mgr., Plastics Div., Standard In- 
sulation Co., Inc.; Co-Chairman, Prepreg Div. 
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slicing, or blanking operations. 
Many items can be molded di- 
rectly from these flat blanks. It 
is also possible with die-cut parts 
to preassemble a complete layup 
in advance of molding so that 
press time can be used to maxi- 
mum extent. 

One limiting condition to pre- 
preg use is the need for some heat 
and at least a little pressure to 
mold them to final shape. While 
prepregs can not be room tem- 
perature-cured, they can be for- 
mulated to fit all other methods 
of processing. The four major 
methods are: vacuum bag mold- 
ing, pressure bag molding, 
matched metal die molding, and 
filament and tape winding. 


Pre-engineered materials 


Prepregs come in all forms— 
woven fabric, non-woven mat, 
roving, paper, chopped or macer- 
ated material, tape, sheets— 
adapted to the demands of avail- 
able processing equipment and 
product performance. 

Prepregs are produced by im- 
pregnating continuous webs of 
fabric or fiber with synthetic 
resins, under conditions of ex- 
tremely close control, which are 
then advanced to the B-stage or 
partly polymerized. The preim- 
pregnated materials remain stable, 


FIG. 1: Two-tower im- 
pregnating unit. Un- 
treated web is taken off 
roll at left and drawn 
through resin bath, then 
up through first drying 
where impregnated mo- 
terial is B-staged. As in 
this case, material may 
be further impregnated 
in second resin bath, or 
it may be taken off after 
single pass (Sketch, U.S. 
Polymeric Corp.) 


flexible, and ready to form. They 
can be subsequently laminated, 
with heat and pressure applied, to 
shape the end product to perma- 
nent form. 

All the controllable variables in 
a reinforced plastics structure are 
taken into account in the produc- 
tion of prepregs. These variables 
fall into two groups; material 
conditions and molding conditions. 
The first group comprises resin 
type, resin content, reinforcement, 
and finish. The second includes 
temperature, time, pressure, and 
method of molding. 


Resin-reinforcement 
combinations 


There are available to the de- 
signer and manufacturer literally 
thousands of preimpregnated re- 
inforced plastic materials. Stand- 
ard line products include prepregs 
made with epoxies, phenolics, 
polyesters, melamine, silicones, 
and a variety of elastomers. The 
most generally used reinforcing 
webs are glass fiber, asbestos, 
paper, nylon, high-silica glass, 
and graphite. 

Any thermosetting resin or 
elastomer, however, may be used 
and any length reinforcement. 
Even sheet material not capable of 
supporting its own impregnated 
weight in a drying oven can still 
be used. The web may be a woven 
fabric, non-woven sheet, or rov- 
ing. 

After impregnation, the prepreg 
may be sheeted, slit into tape, 
chopped or macerated, or cut to 
specified pattern, depending on 
the requirements of the part and 
the desire of the molder. 

The following summary of char- 
acteristics and applications covers 
only the five major resins and 
four major groups of reinforce- 
ment in use in prepregs today. 

Glass fiber, in fabric, non-woven 
mat, and roving, is the top volume 
reinforcement used in prepregs 
and is employed with all principa! 
resins. It provides outstanding 
strength-to-weight characteristics, 
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Vdlbirajtoe Gq, fabrics insure superior 
performance for high and low pressure LAMINATING 


IMPACT STRENGTH... Wellington Sears single filling duck 


has the right weight and rugged, hard-gripping texture to make 
an excellent reinforcement for C grade laminates where high impact 
strength is important, as in the case of certain gears, safety helmets 
and mechanical parts of many kinds. Available in widths of 29 
inches and wider and in weights from about 8 to 15 ounces per 
square yard. 


SHOCK RESISTANCE... Wellington Sears gear duck, like 


our Superior army duck, is a heavy, rugged fabric, ideal for shock- 
resistant laminates such as heavy duty mechanical parts in mecha- 
nisms subject to sudden starts and stops. Its plied yarn construction 
contributes high fiber density and freedom from sizing substances 
that sometimes hinder impregnation. Available in widths of 28% 
inches and wider and in weights from about 8 to 15 ounces per square 
yard. Other Wellington Sears quality cotton fabrics for laminating 
include drills, Columbus sheeting, single and plied yarn chafers, and 
numerous special constructions. 


GOOD INSULATOR... The nylon staple fibers in this fabric 


contribute high bonding strength and provide laminates with supe- 
rior insulation resistance under high humidity conditions, a factor 
of special importance in items for the electronic and high frequency 
fields. Wellington Sears staple fiber nylon fabrics are made 28 to 72 
inches wide in weights of about 4 ounces per square yard and higher. 
Also available to laminators are Wellington Sears fabrics of Orlon*, 
Dacron** and other synthetic fibers. 


BALLISTIC PROPERTIES... In this fabric the strength of 


nylon yarns in filament form provides outstanding impact resist- 

ance to low pressure laminates such as wing board liners for mil- 

itary aircraft. Wellington Sears filament nylon fabrics are made in 

weights of about 2 ounces per square yard and higher, in widths 

from 28 to 72 inches. They are available in the grey or scoured and 

heat set for dimensional stability. 
et 
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MULTI-DIRECTIONAL STRENGTH... Originally designed 


specifically for high pressure laminating, Lantuck is a non-woven, 
resin-bonded fabric whose revolutionary feature of random fiber 
distribution gives laminates equal strength in all directions and 
exceptional machineability at high cutting speeds. New, improved 
Lantuck is recommended as an economical filler for fine gears, 
bobbin heads and other laminates requiring sharp projections or 
edges, mirror-like machined surfaces and superior mechanical 
strength. Lantuck for laminating is 38 to 40 inches wide, weighing 
about 4 ounces per square yard, of various fibers and bonding agents. 


For free booklet “Fabrics Plus” write 
*DuPont’s trademark for its acrylic fiber Dept. KE-1 


**DuPont’s trademark for its polyester fiber 


et Po ¥ 
* ‘ 


® 


Wellington Sears - 


First in Fabrics For Industry Wellington Sears Co., 111 West 40 Street, New York 18, N. Y. 
Offices in: AKRON * ATLANTA * BOSTON * CHICAGO * DALLAS * DETROIT * LOS ANGELES * PHILADELPHIA * SAN FRANCISCO 
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high tensile strength, high modu- 
lus of elasticity compared to other 
fibers, high modulus of resilience, 
and excellent dimensional sta- 
bility. 

Glass-reinforced prepregs are 
used for such products as airplane 
and missile parts, ducts, trays, 
electrical components, truck body 
panels, and construction materials. 

Asbestos is employed in pre- 
pregs in three forms: paper, felts, 
and fabrics. It is used mainly with 
phenolic, epoxy, and _ silicone 
resins. Asbestos paper is used to 
provide low cost thermal insula- 
tion where structural characteris- 
tics are not critical. Asbestos felts 
provide maximum tensile and 
flexural strength, excellent ther- 
mal insulation, and good ablation 
resistance. Asbestos fabrics are 
used principally in flat laminates 
and provide maximum impact 
strength, good flexural and tensile 
strength, and fair thermal insula- 
tion. 

The remarkable short term re- 
sistance of these materials to ex- 
tremes of temperature and flame 
exposure have won for them an 
important place in the manufac- 
ture of rockets and missiles. The 
asbestos motor insulation of a 
rocket now well along in the de- 
velopment stage withstands a fir- 
ing temperature of 6800° F. for 
60 seconds. 

Paper is the leading reinforce- 
ment for high-pressure prepreg 
laminates and is beginning to be 
used at low pressures because it is 
inexpensive, prints well, and has 
adequate strength for its principal 
uses as decorative and protective 
surfacing for counter tops, furni- 
ture, desks, and wall board. 

Paper’s main use is with phe- 
nolies and melamines, though it is 
also used with epoxies and poly- 


AIRCRAFT AND MISSILE 
PARTS represent major 
market for prepregs. In 
addition to re-entry nose 
cones (left), the material 
is used for rocket nozzles, 
insulation for rocket cas- 
ings, and aircraft wing- 
panel structures (Photo, 
Fabricon Products) 


esters. Besides use as a surfacing 
material, paper-based prepregs 
find use in circuit boards and for 
honeycomb structures. 

Specialty reinforcements in- 
clude such materials as high-silica 
glass, quartz, graphite, and other 
exotic reinforcements. They are 
used mainly with phenolic and 
silicone resins and elastomers. 

The principal use for these pre- 
pregs is to meet the unusual high- 
temperature demands of the space 
age. Typical applications are high- 
silica glass to insulate rocket 
grains, quartz for structures ex- 
posed to long-term high tempera- 
tures, and graphite for ablative 
moldings in rockets. 

Synthetic fibers, like nylon, are 
also used in prepregs for such ap- 
plications as the re-entry surface 
on nose cones, flexible ducting, 
and missile covers. 


Major prepreg resins 

Polyester prepregs are com- 
paratively low in cost and easy to 
mold at low temperatures. They 
have good mechanical, chemical, 
and electrical properties, and some 
types are flame resistant. 

Their main use in prepregs is 
with fibrous glass. With special 
papers they combine to make pre- 
pregs that are opening new mar- 
kets as decorative and protective 
surfaces for wall board and furni- 
ture. 

Epoxy prepregs provide high 
mechanical and fatigue strength, 
excellent dimensional stability, 
corrosion resistance and inter- 
laminar bond, good electrical 
properties, and very low water 
absorption. 

Epoxy-glass and epoxy-paper 
prepregs are widely used for 
printed circuits. Epoxy-glass is 
also used for aircraft wing-panel 


structures and is a major materia! 
for filament-wound structures. 
Combined with asbestos it is used 
for thermal insulation for rocket 
casings; with synthetic fibers for 
100% organic structural lami- 
nates. Other epoxy prepreg ap- 
plications are in golf club shafts, 
as well as in ventilating and heat- 
ing ducts. 

Phenolic prepregs have high 
mechanical strength, excellent re- 
sistance to high temperatures, 
good thermal insulation and elec- 
trical properties, and high chemi- 
cal resistance. 

Phenolic-glass prepregs are 
used for fishing rods, high- 
strength interior aircraft parts, 
and honeycombs. With asbestos 
web, phenolic is used for missile 
applications such as thermal in- 
sulation parts for rocket nozzle 
assemblies; with high-silica glass 
and nylon for high temperature 
applications like the re-entry sur- 
face on nose cones. Phenolic-cot- 
ton and phenolic-paper prepregs 
are used for safety hats and elec- 
trical laminates. Phenolic-graphite 
prepregs make ablative moldings 
for rocket engines. 

Melamine prepregs have excel- 
lent color range and retention, 
high abrasion resistance, and good 
electrical properties, are resistant 
to alkalies, and are flame-resist- 
ant materials. 

Melamine prepregs based on a 
rayon-paper web are used for 
molded-in decoration of dinner- 
ware, closures, wall tile, and 
plaques. Melamine-paper pre- 
pregs make decorative surfaces 
for countertops, furniture, wall 
panels, and food trays. Using fi- 
brous glass reinforcement, these 
resins go into NEMA-grade lami- 
nates for electrical service. 

Silicone prepregs provide the 
highest electrical properties avail- 
able in reinforced plastic and are 
the most heat stable. They retain 
strength and electrical character- 
istics under long exposure at 500 
to 800° F. 

Silicone-glass pregreg is used 
for electrical insulation, hot-air 
ducts, and other aircraft and 
missile structures. Higher tem- 
perature resistance and thermal 
insulation are achieved with sil'- 
cone-asbestos and silicone high- 
silica glass prepregs to meet the 
needs of parts like rocket nozzles 
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IF IT’S 
FITCHBURG 


VE tl a ee OR 


DECOTONE 
PRINTING... 


IT’S THE 
FINEST! 














Fitchburg Paper Company and its Decotone Products Divisions can meet 
your most exacting specifications for white, colored or printed laminating 
paper, 

The extreme purity, cleanliness and uniformity of Fitchburg’s white and 
colored Alpha Saturating Papers have made them the first choice of the 
leading producers of high and low pressure laminates. 

For customers desiring printed patterns ready for laminating, Deco- 
tone’s modern facilities are equipped to render prompt, efficient service. 


Call FITCHBURG for Call DECOTONE for 
Unprinted Base Papers Authentic Woodgrain Prints 
Solid Color Laminating Papers Abstract Patterns 
Plain Overlays Overlay Printing 
Decorative Overlays Silk Screen Prints 
Tinted Overlays Decorative Foils and Films 


FITCHBURG PAPER COMPANY 
Mills and Offices at Fitchburg, Massachusetts 
New York Office—250 Park Ave., New York, N.Y. 
DECOTONE PRODUCTS DIVISION—Fitchburg and Westminster, Mass. 
DECOTONE CENTRAL CORPORATION—Cleveland, Ohio 
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Experts in materials engineering . . . let our people guide 
you in choosing the best combination in resin and reinforce- 
ment for your end product. 


Experts in reproducibility . . . our process guarantees 
minimum variation from yard to yard and maximum stand- 
ardization for your end product—piece to piece. 


Experts in automating your production . . . our prepregs 
eliminate messy wet layups, no weighing, little waste. We 
die-cut to any shape, simplifying your procedure. 


PHENOLICS * POLYESTERS * EPOXIES * SILICONES * GLASS, COTTON 


AND OTHER FABRICS * ROVINGS * CHOPPED COMPOUNDS 


For “In Plant Assistance,” write or phone Eli Sandman Co., 280 Greenwood St., 


SANDMAN 


Worcester, Mass., P.O. Box 801, Phone PL 7-7781. 





and missile motor housings. Sili- _ 
cone-quartz gives long term high- 
temperature service. 


Making the prepreg 

The function of prepreg sup-— 
pliers is to combine these raw 
materials—in the proper ratio— — 
into a single material that will 
meet end-use requirements. ; 

Figure 1, p. 610, diagrams the © 
steps in the manufacture of a pre- 
preg. Untreated reinforcing web — 
passes first through a tensioning 
device, then through a resin im-— 
pregnating bath, through a drying © 
oven where solvents are driven 
off and the resin advanced to the © 
exact degree desired, past final ~ 
tension rollers and, at the end, 
onto a mandrel. Multiple resin 
baths and drying ovens may be 
used, as shown in Fig. 1. Equip- © 
ment with horizontal drying ovens © 
is also available, permitting the © 
impregnation of reinforcing web © 
that is not itself self supporting. — 

The diagram does not illustrate — 
the all-important system of pre- ~ 
cise controls on web _ tension, — 
speed, temperatures of resin bath ~ 
and drying oven. 

The amount of resin solution 
picked up by the web as it passes © 
through each bath is influenced ~ 
not alone by resin viscosity and ~ 
resin solids, but by fabric tension ~ 
and speed (which regulates the ; 
time the reinforcement is in the ~ 
bath) and by the temperature of 


the resin. Available equipment is ~ 


capable of processing fabric up to 
150 ft. per minute. 

Prepreg resin content can be 
controlled within +2 percent. The 
same holds true for the produc- 
tion of prepregs with a reinforce- 
ment content from as high as 85% 
to as low as 20 percent. 

Control over temperature and 
speed are equally crucial in the 
second stage of preimpregnation. 
Speed through the ovens can be 
regulated from 1 ft. to 90 ft. per 
min.; the controlled temperature 
range is from 120° to 900° F. An 
even greater variety of heat treat- 
ment can be effected by multiple 
passes through different heat 
zones. 

It is the temperature of the dry 
ing oven and the speed of travel o! 
the impregnated web through th 
oven as much as the resin conten' 
and resin type that determine th: 
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CUSTOM MOLDINGS IMPROVE YOUR PRODUCTS AND PROFITS 


CIMASTRA glass-fibre reinforced plastic moldings 
offer many advantages — 


Consistently high quality...Excellent surface finish... 
Uniform fibre pattern, accentuated or subdued...Wide design 


possibilities... Unmatched durability...Choose your color, 
CIMASTRA can match it. 


CIMASTRA engineers would like to tell you more about the 
product design and profit possibilities of cimastTra custom- 
made reinforced plastic moldings. May we hear from you? 


CIMASTRA DIVISION / THE CINCINNATI MILLING MACHINE CO. 


CINCINNATI 9, OHIO 








degree of advancement or poly- 


merization of the resin on the web, 
a | | ra Ng And it is the degree of “B” staging 
that, i ; 


in turn, determines such 


handling and molding character- 
istics of a prepreg as resin flow, 
gel time, tack, and drape. 

A much higher ratio of rein- 

forcement to resin can be achieved 

O r with prepregs than in the wet 

layup method, with consequent 

higher strength. Further, since the 

web is truly saturated in preim- 

pregnation, little air is entrapped 

“ in the reinforced plastic material, 

e Over 100 grades, calipers, colors assuring better quality in the 
molded part. 

e Frequent Runs (tie-ins invited) Prepeegs oom be mane wahay omy 

thermosetting or elastomeric resin. 

‘a In addition, prepregs can be made 

r Test Treater Rolls Available using resins whose viscosities are 

so low that they must be partially 

e Technical Consultant Service meet Tae 

ment and some which must be 


+ . ° processed at temperatures other 
© Serving laminators for 30 years than the final curing temperature, 

















Molding prepregs 
KRAFELT COMPANY] | 2720s 2. 
method of processing any of these 
- a ape prepregs is the need for some heat 
237 Lancaster Avenue + Devon, Pennsylvania * MU 8-7599 ond a ‘inintaiiien of evisme: Se 
gree of resin flow—so important 


to the production of high quality 
parts—can be controlled to fit any 


Fy, for new products: — 


SS Basically there are four meth- 

eS 5 CE >> ods of forming prepregs—vacuum 
bag molding, pressure bag mold- 

~eS ow ils ing, matched metal die molding, 


and filament and tape winding. 

The choice of method is most often 
New desig ns ast Ni FG! governed by production volume. 
The exception is the critical part 
We prescribe a change in concept of —like a missile component— 
material and design! Modern, beautiful where the higher performance 
fiber glass reinforced plastic can be qualities achieved by matched 
molded to almost any design, produced metal die molding justifies use of 
in almost any color, by MFG. this process even for a few parts. 
To make your new product strong, light- It is difficult to give meaningful 
weight, attractive, corrosion- resistant, : dollars-and-cents comparisons of 


rustproof, economical, mold your plans tooling costs for different methods 
around MOLDED FIBER GLASS. The se- of molding. However, if a selec- 


ee molding in matched ts tion of different types of molds are 


rated from 1 to 20 on the basis of 
their relative cost they would fall 
in this order: 























Tell us your problem; we'll help solve it 
with fiber glass reinforced plastic pro- 
duced in matched metal dies. Call upon , 
the experience and know-how of pioneers 1: (lowest cost) Wood for - 
and specialists: Molded Fiber Glass. when pen ig 10 parts 
ek are required. 
oo - : Epoxy-aluminum and 
——— Sa epoxy-fiber glass when vol- 
i ) ume runs between 20 and 
MOLDED FIBER GLASS COMPANIES = 
——— } 7: Aluminum matched metal 





Ask for free descriptive literature. 











4613 Benefit Avenue, A abula, Ohio 
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otanpreg 


Ye-lmpregnatéd ilateria 


Stanpreg quality controlled 


prepegs provide reinforced plastic molders with precisely 

engineered, consistently uniform materials. Extensive se- 

lection of resin/reinforcement systems conforming to 

Stanpreg military and commercial specifications, experienced tech- 

; nical service and volume production facilities guarantee 

Goes West coast to coast satisfaction. Proprietary and custom for- 
Top flight personnel and mulations rapidly available in all quantities. 


especially designed Phenolic prepregs High silica content, glass and 

facilities of Standard | synthetic fabrics for missile applications. Papers, cotton 
2 ’ . : 4 _ fi hi 

insulation’s Western Di- - ducks and glass for printed circuits, helmets, fishing rods 


és and abrasive wheels. 
vision offer ‘‘on the 


. ° 4% Polyester prepregs Elevated temperature and 
spot” service to western “ey 4 pits s , 
o flame resistant properties in glass fabrics, woven rovings, 


molders. mats for aircraft, radome and commercial applications. 





Epoxy prepregs Glass cloths for printed circuit, 
aircraft, archery, electrical uses. Epoxy roving for fila- 
ment winding. Flame resistant epoxy paper. 


Melamine prepregs Papers and overlays for dec- 
orative laminates. Glass fabrics for electrical laminates. 


*., Silicone prepregs Glass cloths for high tempera- 
apis 


y aircraft and electrical requirements. 


Stanpreg 
full width, slit, 
sheeted and chopped 
materials to meet 
your needs, 


Melligent recommendations for your prepreg requirements are available upon request. Call or write today. 


Standard Insulation Company, Inc. 


74 Paterson Avenue, East Rutherford, New Jersey —Telephone WEbster 9-5400 
WESTERN DIVISION: 1646 18th Street, Santa Monica, California —Telephone UPton 0-8276 


SALES REPRESENTATIVES 


GHOUT For name and address of nearest Stanpreg representative, contact Standard Insulation Co., Inc. 
‘ATION 








PREMIX 
HAS A SERVICE 
FOR YOU— 


CUSTOM MOLDING 
CONSULTING ENGINEERS 
MATERIAL ENGINEERING 
COMPLETE TOOLING FACILITIES 
MOLD TRY OUT 

PROTOTYPING 

SPECIAL PRESSES 


@ FOR FURTHER INFORMATION 
PHONE © WIRE © OR WRITE— 


WEST ADAMS STREET 


PHONE 599-6401 














5-REPRINTS-REPRINTS-RE 


SURPRISED is the word for most readers when they dis- 
cover just how inexpensive Modern Plastics REPRINTS 
actually are! 

No wonder smart executives order REPRINTS of articles, 
features and news items for distribution to company per- 
sonnel, customers, prospects and stockholders. 


When you find editorial material in Modern Plastics Maga- 
zine or the Encyclopedia that you can use in REPRINT 
form, write promptly. Quotations on quantities of 200 
copies or more will be furnished without delay. Reprint 
Dept., Industrial Magazine Service (an affiliate of Breskin 
Publications ), 770 Lexington Avenue, New York 21, N.Y. 
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dies for a minimum of # 
parts up to 10,000 parts, 

: Meehanite or steel matched © 
metal dies for high volumes 
like those cited for alumi. 
num but where a pinch-off 
is needed. 


Machining operations ' 

As a class, prepregs mach ne 
like any other reinforced p! 
material. Either diamond or cap. 
bide grinding wheels, saws, and 
bits may be used. The advantage 
of diamond tools is that they do © 
not become dull as rapidly © 
particular problem with reinfore- 
ing material like high-silica glass. 
Additional advantages cited for 
diamond tools are: 1) no code 
ant is necessary; 2) no localized 
over-heating of the part occurs; 
3) minimum tool pressure can be — 
used; 4) better surface finish can 
be obtained; 5) parts can be ma- 
chined faster because of more 
rapid removal of metal; and 6) 
machining costs can be reduced 
because of less tool wear. 

When carbide tools are used it 
is recommended that the follow- 
ing precautions be taken: : 

1) Parts be flooded with water 
or other greaseless coolant 
minimize overheating. 

2) When coolants cannot be 
used, extreme care must be taken 
to control cutting speeds and tod 
pressures. 

3) Cutting edges must be kept 
sharp. 

Still another advantage of pre 
preg materials is that in many 
cases pigments are included in the 
prepreg materials, thereby elimi- 
nating an expensive final painting 
operation. 
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Choose from 116 MATERIALS 
to help you put your finger 
on the right plastic faster 


116 Choices: One Source This 

is the latest count of the dif- 

ferent plastics and grades 

NVF can offer in your search 

for the one best material. Add 

to this total the one special 

grade that can be developed 

from scratch to meet your particular need. This full range of 

materials is backed by complete engineering services . . . from 

application assistance up to and including the delivery of 100% 

usable, precision-fabricated parts . . . in any quantity, on time! 

Call the NVF Sales Office near you. It’s a direct line to single- 
source help on your current materials problem. 


NVF GRADE DESIGNATION 
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@ MELAMINE IMPREGNATED PAPERS 
in a wide variety of patterns, wood grains, solid 
colors, and translucent overlay grades for durable 
decorative laminates. Available in rolis slit to 
width, sheeted, or die-cut to any shape required. 


@ PHENOLIC IMPREGNATED PAPERS 
for producing N.E.M.A. industrial grade laminates 
ond molded ports for a wide range of electrical, 
mechanical, and structural applications. Precisely 
controlled processing assures uniformity of quality. 


@ PHENOLIC IMPREGNATED FABRICS 
such as cotton duck, cloth, and sheeting for high or 
low pressure molding. Available in grades to meet 
N.E.M.A. standards. Also used in producing gears, 
bearings, filters, helmets, and many other products. 


@ PHENOLIC IMPREGNATED GLASS CLOTH 
produced in speciol grades for fabrication of fly 
rods, aircraft and guided missile ports, plus many 
other products requiring a strong, light, durable 
material highly resistont to heat and corrosion. 


@ POLYESTER IMPREGNATED MATERIALS 
such as glass fabric and mat for low pressure mold- 
ing of aircraft parts, tools, and other applications 
where high strength, light weight, ease of forming, 
ond dimensional stability are essential properties. 


@ SILICONE IMPREGNATED GLASS CLOTH 
in grades having excellent dielectric strength and 
resistance to distortion at high temperatures, plus 
other properties required for applications such as 
radar equipment, printed circuits, motors, etc. 


@ EPOXY IMPREGNATED MATERIALS Whenever you need plastic impregnated and coated materials, 
custom trecated to meet the highly specialized 


“ you'll do well always to think of Fabricon first! For regardless 
roquvements @f many cledtied! end cledirenic of what your requirements may be, you'll find that Fabricon has 
Oe ae FF 0 Craeeeee eerber of what it takes to deliver the quality and service that you've 
er ee been looking for. Years of experience with all types of therme- 

setting resins and fillers. Complete engineering and laboratory 
facilities for developing new products and processes. Special 
production equipment designed for precisely controlled, contin- 
vous, economiéal operation. Facilities, too, for slitting material 
to width, sheeting, or die-cutting to any shape required. 


Want detailed information on the Fabricon Plastic impregnated 
Material that's right for your particular product? Just outline the 
nature of your application and send it in today! 


FABRICON PRODUCTS 


roll capacities up to 90” in width. All are de- A Division of The EAGLE-PICHER Company 


signed for continuous quality controlled operation. 





One of several giant impregnating ovens having 


1721 W. Pleasant Street « River Rouge 18, Michigan 
6430 E. Slauson Avenue, Los Angeles 22, California 
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Aircomb 
for the plastics 


industry in five 
different forms 


Douglas is the only manufacturer of honey- 
comb and honeycomb products that offers the 
varied services illustrated here. All Douglas 


. Ef Core material — Aircomb is highly-uniform phenolic-impreg- 
contracts guarantee in writing adherence to nated Kraft honeycomb. It is the only material of its type 


your engineering specifications relating to your guaranteed for quality, strength and compliance with 
Aircomb or Aircomb product order. government and military specifications. 
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Finished panels — Douglas will deliver Aircomb-cored panels 
be bonded to an almost unlimited variety of plastics or to your specifications. Aircomb panels insulate against 
other laminating materials as thin as .005”. Douglas will temperature changes, relative to thickness, better than 
combine Aircomb with your plastic materials as desired. any other known material, while maintaining integrity. 
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Partial products — Douglas will carry the manufacture of Complete products— Douglas is prepared to manufacture 
your Aircomb product as far as you wish. Aircomb glass complete products incorporating Aircomb to your exact 
fiber laminate cylinders shown have smooth interiors, specifications. Many companies are taking advantage of 
can be produced in diameters to 66", lengths to 20’. Aircomb’s great strength, high rigidity and light weight. 
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A product of DOUGLAS AIRCRAFT COMPANY, INC., 3000 Ocean Park Boulevard, Santa Monica, California 








STRUCTURLITE 


PLASTICS CORPORATION 


323 Newark Road . 


Hebron, 


Ohio 


ASSURANCE 
OF QUALITY IN 
CUSTOM MOLDED 


FIBERGLASS 
REINFORCED 
PLASTICS 









more than 12 years’ experience in light weight structural plastic products 





‘Get helpful literature. — FREE! 


INDUSTRIAL FASTENERS. A series of bul- 
letins on die cast industrial fasteners and 
molded nylon fasteners. Also folders on 
injection molded tiny Delrin parts and 
injection molded tiny plastic parts. Gries 
Reproducer Corp. 


PRINTING MACHINE. Bulletin describes 
self-contained printing unit that will 
automatically print any message or em- 
blem up to 3” wide with an 18” repeat 
(or integral division of 18”). Also infor- 
mation on a center-fed, rotating die. 
Essex Plastic Machinery ‘Co., Inc. 


PLASTIC STEEL. 12-page illustrated bro- 
chure describes durable, permanent, non- 
shrinking, non-exbanding plastic steel. 
Used for ‘makin jigs, molds, models, 
fixtures. Also for forming dies, rebuilding 
machinery, etc. Features, applications, 
other data. Devcon Corp. 


TENSION WINDING UNIT. 2-page diagram- 
metric data sheet describes features and 
eppliaations of a winder designed to ac- 
complish controlled 
Hobbs Mfg. Co. 


tension winding. 








All the booklets described here 
—plus hundreds and hundreds 
of others—are yours for the 
asking, entirely without cost or 
obligation. 


Just turn to the Manufacturers’ 
Literature Section (immediately 
preceding the Buyers’ Direc- 
tory), circle the numbers you 
want, fill in the reply post card, 
and mail. No postage is needed. 


A service of 


MODERN PLASTICS 


Encyclopedia Issue 


A BRESKIN PUBLICATION 


770 Lexington Ave., New York 21, N.Y. 


FIBER GLASS WOVEN ROVING. 4-page il- 
lustrated catalog folder eae features 
and applications of a line of fiber glass 
woven roving fabric Mo for use in 
construction of such things as fiber glass 
swimming pools, large containers, boats, 
etc. Bean Fiber ’Glass, Inc. 


PANEL SAWS. Ore fins 9 3 brochure 
we ay manual = 1 
panel saws for cutting ge sheets 
plastics, plywood, metals, etc. Hendrick 
Mfg. Corp. 


CUSTOM EXTRUDED POLYETHYLENE. 4-page 
illustrated brochure describes features, 
facilities of a polyethylene custom e& 
trusion molding and laminating service. 
Contour Extrusion Co., Inc. 


INJECTION MOLDING MACHINES AND 
EQUIPMENT. S-page illustrated br 
describes a line of injection molding ma 
chines, ovens, dryers, etc. Specifications 
and data. Brosites Machine Co. 
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Hurlbut can produce a 
saturating paper to match it 


Chances are, you'll quickly find the shade you need in 
Hurlbut’s spectrum-spanning roster of standard colors. But 


if not, we can readily match your custom requirements, 


Hurlbut engineers have long experience in the art of color 
matching, and they carefully allow for the effect the lami- 


nating process has on the final shade. 


Besides color choice, Hurlbut offers a wide selection of base 
papers and overlay stocks. Whether you produce decorative, 
industrial, or graphic laminates, you can find a Hurlbut 


paper for your application. 


Hurlbut papers adapt to your resin system and laminating 
process, thanks to exacting control over porosity, resin 
capacity, hiding power, and many other variables. You get 
the properties you need through our painstaking attention 


to quality, a Hurlbut byword for 150 years. 


Hurlbut also supplies the following products: papers made 
of synthetic or inorganic fibers; filtration papers; overlays 


for dinnerware foils; and other specialty papers. 


Our engineers will be happy to furnish assistance on specific 
applications. For information on such help, or for an illus- 
trated brochure with samples of our saturating papers, write 


to Hurlbut Paper Company, South Lee, Massachusetts. 


FOUNDED 1806 


TEL. LEE 1231 ° TWX. LEE 71-U 





urlbut Paper Company 


Pick a point in the spectrum 






FILTER PAPERS made of 
organic and inorganic fibers 
by Hurlbut are used in quan- 
titative, qualitative analyses, 
industrial processes. Handle liquids 
and gasses, hot (to 2800 F) or cold. 





HEAT-RESISTANT PAPERS 
by Hurlbut comprise ceramic, 
silica, asbestos, or glass fibers. 
Ideal for high-temperature 
linings, wrappings, insulation. 





HURLBUT INDUSTRIAL PAPERS 
are the base of many industrial and 
graphic laminates, providing 
good electrical properties, 
strength, ease of fabrication, 
and economy. 


SOUTH LEE, MASSACHUSETTS 
A SUBSIDIARY OF THE MEAD CORPORATION 


CABLE ADDRESS: HURPACO 
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For Laminating, Impregnating, Molding, Casting and Protective Coating 


HOW TO SELECT THE RIGHT GLIDPOL RESIN FOR YOUR APPLICATION 


This tabulation includes 
formulations which have 
proven themselves to be 
most suitable for current 
fabricating procedures. 
Our plastics laboratories 
continue to develop im- 
proved formulations that 
do a better job for stand- 
ard and new fabricating 
procedures. Data sheets 
on individual resin sys- 
tems are available. 


Additional resins available 





GLIDPOL POLYESTERS 





Liquid Properties 
Styrene see 





Thixotropic 


| Viscosity (1) ........... 








| Curing Characteristics 
__Preaccelerated for Room Temp. 
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for special applications MIL-R-7575A 


























(1) M — (Medium) 500-3000 cps. 


GLIDDEN LEADERSHIP IN 
POLYESTERS AND GEL-KOTE 


Experience—Glidden is one of the largest 
polyester resin producers in the country (1961 
capacity 72,600,000 pounds) and the leading 
producer of Gel-Kote. Here are some examples 
of recent Glidden development breakthroughs : 


1957 — Thixotropic resin—prevents resin drain- 
age, yielding laminates with uniform resin- 
glass distribution; 


1957 — Dual gun resins—matched resin systems 
designed for high speed production operations 
involving resin-glass spray-up guns; 


1958— Acrylic Gel-Kote—high color and gloss 


retention even under severe weather conditions; 


1959—Isophthalic resins—excellent handling 
characteristics, toughness and adhesion; 


1961—High strength resins—improved resin 
systems which produce reinforced structures 
with up to 50% higher physical strength. 


Continuing research—To provide specific 
custom product development on the local level, 
Glidden maintains 13 regional laboratories, plus 
a Research Center for long-range development. 


Technical service—Strategically located repre- 
sentatives back up Glidden salesmen in the 
solution of day to day technical problems. 


Nation-wide production facilities—Glidden pro- 
duces resins and Gel-Kote at 7 plants located in 
all parts of the country. This means fast delivery, 
custom formulating facilities close at hand. 
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In our laboratories today — the plastics you'll use tomorrow 


New products are the very life-blood of your business. Which great 
European manufacturer is most likely to create the plastics you'll 
be using to make them? The answer, emphatically, is DYNAMIT- 
NOBEL, Europe's largest semi-finished plastics manufacturer. Here, 
vast resources are geared to a program that never ceases... 
evolving new plastics for you .. . improving the existing ones. The 
result is already on the record. DYNAMIT-NOBEL provides a steady 
stream of semi-finished plastics to leading fabricators the world 
over —on outstandingly competitive terms. 

Three typical DYNAMIT-NOBEL ‘success stories’ are: 2. TROLI- 
TAX Laminated Boards, meeting and exceeding NEMA Grades X, PX, 
P, XXX XX, XXP, XXXP, for instruments, radios, machines and 
vehicle: 2, DYTRON Laminated Fabrics, ideal for bearings and 


shaft bushings, gears, and machine parts of all kinds (NEMA 
Grades C,L). 3. TROVITHERM PVC Sheeting, for packaging and 
magnetic tape. Inquire also about the advantages available to you 
through DYNAMIT-NOBEL’s continuing leadership in these among 
hundreds of products: Molds; Collodium Cottons for Lacquers and 
Celluloid; Cellon; Molding, Injection and Extrusion Compounds; 
Vulcanized Fibre; Rigid PVC for Chemical Plant Applications, for 
deep drawing and vacuum forming; PVC Floor Covering and Pro- 
files for the Construction Industry; Laminates for Backing and 
Decorative uses. Contact RUBBER CORP. OF AMERICA, New South 
Road, Hicksville, Long Island, New York. Agents for: 


DYNAMIT NOBEL A.G. West’Germany 
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(Advertisement) 


COLORING REINFORCED PLASTICS 
BY JAMES E. SIMPSON* 


The large and growing variety of products 
molded of reinforced plastics has encouraged 
the development of specialized colors and 
techniques for use with these materials. The 
choice of colors and coloring methods can be 
an important factor in producing a quality 
product. In addition to the desired shade, 
such properties as light and heat stability 
and other physical properties of the pigments 
used should be considered. 


Gel Coats—For hand lay-up production many 
molders are using FERRO colored Gel Coats. 
These opaque colored coatings contain maxi- 
mum pigment concentration which gives 
complete and adequate coverage with a 
thin application. 

Ferro Gel Coat is first sprayed on the mold 
surface. Then, clear resin and reinforcement 
are applied over it by the usual hand lay-up 
methods. When removed fromthe mold, the 
Gel Coat forms -an integral, chemically 
bonded colored surface that requires little 
or no finishing. 


The thin coating effectively hides the fiber 
glass mat and eliminates the need for color- 
ing the complete laminate. Gel Coat is 
resistant to cracking or crazing and provides 
a hard, smooth surface. 

Ferro color Gel Coats are available in a 
wide selection of shades. Write today for 
literature and color charts. 


Paste Colors— Paste color concentrates are 
used for applications, where coloring through- 
out the adnate is a necessity or where 
Gelcoats are not used. These colors are highly 
concentrated pastes or “dispersions” of pig- 
ments ground into a vehicle or carrier. 

In use, the paste color concentrate is simply 
mixed into the uncolored resin by the molder. 
This method provides fast, even dispersion. 
With the use of quality controlled color 
pastes, it can simplffy the production of 
uniformly colored products. 

Ferro Paste Colors combine maximum 
pigment concentration with specially devel- 
oped vehicles that are compatible and will 
react with the resins. These vehicles exhibit 
no plasticizing effect on the laminate and 
provide good shelf life stability. 

Color charts and complete technical data 

on Ferro Paste Colors for Polyester Resins 
and Ferro Paste Colors for Epoxy Resins are 
available on request. 
Parting Films—To provide a smooth finished 
surface and to assure easy removal of the 
reinforced plastic part from the mold in hand 
lay-up operations, parting films are used. 
Ferro has developed a liquid parting film that 
is easy to apply and offers many special 
advantages. ‘Complete information available 
on request. 


Can we help you? Our color laboratory facili- 
ties are available to work with you on any 
problem or project you may have involving 
plastic colors. For information on any of the 
products mentioned above, please write 
Ferro Corporation, 4150 East 56th Street, 
Cleveland 5, Ohio, or 5309 South District 
Boulevard, Los Angeles 22, California. 


*Color Division, Ferro Corporation, Cleveland, 
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FERRO 
COLOR 
GELCOATS 


for greater 
uniformity! 


Simplify your production! Choose a standard-color Fen 
Gel Coat—or specify a special shade. Either way, you are assutd 
of smooth, opaque, locked-in color for hand laid-up reinfore 
polyesters . . . and color that will be completely uniform, mou 
after month, on the finished product. 

Ferro carefully checks every batch of CoLor Gel Coats bei 
it is shipped to you. And the unusual light stability of Fe 
Cotor Gel Coats reduces the hazard of fading to a minima 
So, even in service, you get greater color uniformity with Fe 
Gel Coats. Write for color chart and literature! 


FERRO CORPORATIO 
Colon Division 


4150 E. 56th St., Cleveland S, Ohio + 5309 S. District Bivd., Lo An 
22, California + Ferro Enameis (Canada) Ltd., Oakville, Ontario, C# 





e You can see the attractive metal fleck pattern in 
this particular paper. And that’s all you can see after 
the paper has been saturated with a special plastic 
resin and subjected to heat and pressure. 


A Paterson Overlay Paper is the starting point for the 
surfaces of many famous plastic laminates. The bril- 
liance of color and pattern—which seem to float— 
is due in large part to the excellence of this paper. 


Near-sterile plant operating conditions, strict pulp 
control and Paterson water filtration techniques help 
make the difference. 


IN A 


» — PATERSON 


OVERLAY PAPER 
you can’t see 


the paper! 


Paterson Overlay Papers are available in several basis 
weights in the plain whitest white of any such papers— 
or with decorative metallic and other types of inclu- 
sions of special design. Either way, the paper trans- 
forms to a transparent surface that is exceptionally 
resistant to heat and abrasion. 

Paterson’s Custom Made Department supplies many 
types of papers for unusual industrial and decorative 
applications, as well as papers for filtration, synthetic 
fibre papers, saturating papers for melamine, poly- 
ester, phenolic and latex saturation. 


Please send inquiries to Custom Made Department. 


PATERSON PARCHMENT PAPER COMPANY 


Bristol, Pennsylvania 


NEW YORK, N.Y. 


CHICAGO, ILL. 


SUNNYVALE, CALIF. 





Now, for the first time - 


HIGH 
TEMPERATURE 
EPOXIES 


for pattern and 
tool applications! 


EPOXICAL*HY TEMP surface coat being sprayed into ULTRACAL*® 
mold. Spray with R-2 gun and preheater; elirninates surface 
pinholes and air voids in laminate. 


These new EPOXICAL tooling resins operate at tem- 
peratures from 300° to 500° F., for use in making: 
Foundry patterns - Furfuryl resin core boxes - 
Vacuum forming models + Production molds for 
polyester lay-up - Polyurethane cure molds - 
Metal fiber (conductivity) laminates 


For more information, mail coupon or contact your 
local U.S.G. industrial representative. 


*T.M, Reg. U.S, Pat. Off. ULTRACAL is a super-strength gypsum cement 
manufactured by U.S. Gypsum Co. 


1S) UNITED STATES GYPSUM 


Pioneering in Ideas for industry 


aT United States Gypsum, Dept. MPE-11 
300 W. Adams St., Chicago 6, Ii. 


At no obligation, please send me the following (please check): 


C) 'Gt # 408—user Hy Temp Plastics Bulletin 

oO IGL # 102—HYDROCAL—ULTRACAL Gypsum Cements Bulletin 
C) IGt # 418—EPOXICAL—Piastic Tooling Resin Bulletin 

CD IGL ¢ 420—Tooling & Patternmaking Materials Guide 





Name 





Company 





Address 











— fabrics 
and metallized 
products in 
rolls to 60” 
wide! Standard 
and custom 
combinations. 


Lamart Laminations have a variety of 
excellent physical properties and can be 
fabricated by many methods to meet 
your specific applications. 

Write or phone for free samples — swatch book 


Corporation 


16E Richmond St., Clifton, N. J., GRegory 2-6262 


* REGISTERED DUPONT TRADEMARK 


we~ NOTICE -= 


PLASTICS PROPERTIES CHARTS 


for 1962 now available in limited quantities 














Don’t wait! Now’s the time to order extra 
copies of our up-to-date PLASTICS PROP- 
ERTIES CHARTS. 

Color-coded for easier reading, these wall- 
sized charts (45” x 28”) list essential data on 
the physical, chemical, thermal, electrical 
and molding characteristics of all commer- 
cially available thermoplastics and thermo- 
setting plastics. 

These are the very same authoritative 
charts that appear in the 1962 Modern Plas- 
tics Encyclopedia—yet both charts (thermo- 
setting and thermoplastics) cost only $1.5( 
Bulk rates upon request. Write to Reprint 
Dept., Industrial Magazine Service (an affil- 
iate of Breskin Publications), 770 Lexingto 
Avenue, New York 21, N.Y. 
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WHY LEADING LAMINATORS DEPEND 
ON WRENN SATURATING PAPERS 


ONE good reason—a highly important one 
—is that we specialize in this field. The 
entire facilities of this modern paper mill, 
now in its second century of continuous oper- 
ation, are devoted exclusively to the making 
of saturating paper and other absorbent 
specialities. 

Another important reason is the extremely 
high standards we have set for the making 
of these products. Since the surface saturat- 
ing paper—white or colored—is the layer 
which the user of the laminate sees, it is 
essential, especially with decorative applica- 
tions, that it be absolutely clean and free 
from dirt particles. 


Even a speck in the paper might show up 
as an irremovable blemish in a beautiful table 
top or counter surface. With this require- 
ment, we go to extreme lengths in assuring 
the production of immaculately clean sat- 
urating paper. The beaters in which the 
pulp is refined are tile-lined. All air is fil- 
tered before entering the building in which 
the paper machine is housed. All water 
comes from deep wells and is multi-filtered. 


There are other reasons why you may de- 
pend on the quality of Wrenn Saturating 
Papers. Let us tell you about them and 
show you samples. Your inquiry will receive 
prompt attention. 


THE WRENN PAPER COMPANY 


MIDDLETOWN, OHiO 


Subsidiary of The Mead Corporation 





Next to adhesives... 
use Riegelease paper 

In selecting releasin 
papers for pressure-sensi- 
tive adhesives you'll find 
every adhesive is differen 

. varying with the base 
materials to which it is ap- 
= as well as the process 
and ‘ype of coater used. 
Riegelease papers are made 
in many weights, with a 
variety of coatings one or 
two sides, colored paper 
and printed if desired. Ask 
for Riegelease Selector 
Manual. 





Paper...for fast starts on cold days Rocket Age Dictation .... 
Battery mak d i 10,000 digits a minute! 


of shipping wet batteries Mountains of data radioed 
dry, needed a new kind of _— - 2 by rockets in flight are cap- 
plate separator. Electric tured photo-electrically on 
Autolite Ce. turned to “ln caluse Oa 
aper...and to Riegel. 
yy ter many trials, our re- chemical and electrical 
searchers came up with a a a 
resin-impregnated paper wi static in form 0 
endowed with just the right image. This electrostatic 
porosity, electrical and printing” is developed by 


chemical properties. dusting with powder, which 
Autolite converts it into clings only to. charged 
dimensionally accurate, areas. Image is “fixed” by 
ribbed battery separators at heating paper ~ coating, 
low cost. fusing pow ition. 
It’s all done in ‘ ‘wank 


NO SHRINKING VIOLETS 
Rubber plates for high in this printing 


speed printing are cast in 
molds made by pressing 
plastic-impregnated paper 
against master engravings. 
Shrinkage and warpage 
were serious problems. 
Wood Flong Corporation, 
leading matrix maker, 
asked Riegel to search for 
an answer. Result: A new 
paper product called 
“Thermomat®” . . . ex- 
tremely rigid, coated with 
special plastic, calendered 
to precise caliper. Handles 
fine color printing. 


e write to; TECHNICAL ADVISORY SERVICE 
Riegel Paper Corporation, Box 250, New York 16, N. Y. 
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SywqpANt] TECHNICAL PLASTICS 


LAMINATED SHEETS, RODS, TUBES, FABRICATED PARTS, MOLDED-LAMINATED AND MOLDED-MACERATED PARTS 


Synthane is a hard, dense material with many desirable proper- 
ties in combination—and many industrial uses. It is made by 
the application of heat and pressure to layers of filler materials, 
such as paper, cotton fabric, glass fabric, etc., which have been 
impregnated with a synthetic resin (phenolic, melamine, sili- 
cone, epoxy). When heat and pressure are applied to the layers 
a chemical reaction (polymerization) is completed which trans- 
forms the layers into a solid mass which—except by special 
means— cannot be resoftened by the reapplication of heat. The 
structure of the resin is permanently changed from a fusible 
and soluble state to an infusible, insoluble cone. Synthane is 
therefore known as a “‘thermosetting”’ laminated plastic. 


SYNTHANE GRADES 


Synthane laminates are made in many grades, classified accord- 
ing to the filler material used. For example, there are cotton 
fabrics, asbestos paper and fabric, papers of many types, glass 
fabrics and mats used for reinforcements. A variety of resins 
are used such as phenolic, melamine, silicone, and epoxy, each 
contributing its own special characteristics to the laminate. 
The properties of any grade depend upon the reinforcement and 
resin binder used. All grades of Synthane have many outstand- 
ing properties in combination—excellent tensile, compressive, 
flexural and impact strengths, excellent electrical properties 
such as high dielectric strength, low dissipation factor, low 
dielectric constant and low water absorption. In addition, 
Synthane is light in weight and easily machined. Certain grades 
are manufactured to emphasize specific characteristics or prop- 
erties as are resistance, flame retardance, chemical resistance, 
or anti-frictional characteristics. 


SHEETS:  Sizes—36” x 36’, 36” x 48”, 36” x 72”, and 
24" x 96” (in some grades). Thicknesses .006” 
to 8” (depending upon grade) 

Finishes— Mirror, semi-gloss, and dull 
Colors—The standard colors of Synthane 
sheets are natural and black. Natural defines 


SHEETS are available in many TUBES AND RODS are usually 


ishes, and in thicknesses, depend- tical, square, rectangular, etc 
ing On grade, of 006” to 8” 


the job. 


Send for these informative folders and catalogs: 


|. THE COMPLETE SYNTHANE TECHNICAL PLASTICS 
CATALOG; 2. SYNTHANE LAMINATED PLASTICS 
PARTS (When should you make or buy); 3. MACHINING 
LAMIN ATES (Suggestions for machining); 4. LAMINATED 


SYNTHANE 
GLendale 2-2211 


PARTS may be readily machined 
grades, in several colors and fin- round but they may be oval, ellip- from Synthane, using standard tion saves —— properties 

shop equipment. But it is often c 
more advantageous to let us do ing sheet grades 


CORPORATION, 


the color of the resin used in the natural state, 
which may vary from tan to gray-white 


Sizes—3g'’1.D. up toand including 264" 0.D. 
Lengths: 18”, 36’, and up to 96” in some 
grades and diameters 

Colors—same as sheets 


RODS: Sizes—'%"’ up to 4” diameter. Lengths 18” 
and 36”. 


Colors—same as sheets 


GOVERNMENT SPECIFICATIONS — Synthane complies 
with all applicable Government specifications for laminated 
plastic sheets, rods, and tubes. We have an interesting bulletin 
listing Synthane grades corresponding to Government specifi- 
cations. Send for it. 


COMBINATION MATERIALS—Synthane may be com- 
bined with other materials, such as rubber, aluminum, copper, 
vulcanized fiber, acetate film, etc. One grade of Synthane may 
be combined with another. Using Synthane with other mate- 
rials gives the outstanding properties of both to the combination. 


POST FORMING— An inexpensive way to obtain certain 
kinds of shaped parts without machining or using expensive 
molds. 


PRINTING— Al! Synthane parts may be “printed” —num- 
bers, letters, trademarks, and symbols reproduced to save the 
cost of engravings. 


MACHINING—Synthane is not difficult to machine; how- 
ever, it is the experience of a majority of our customers that 
machining is best left to us. We are specialists in the fabrication 
of laminated plastics. We have standard machine tools as well 
as many special machines to turn out either one or a million 
pieces economically, without delays in deliveries, waste, rejects, 
or machining errors. We manufacture all our own dies, jigs 
and fixtures. 


MOLDED-LAMINATED construc- MOLDED-MACERATED parts may 


be more intricate than molded- 
laminated— are stronger than pow- 
der moldings 


approximate those of correspond- 


PLASTICS FOR INDUSTRY (A Condensed Catalog); 
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INJECTION MOLDING 


Injection machine operation 

Injection molding characteristics tables 
Check list of defects and causes in injection 
molded parts 


EXTRUSION 
Materials handling 
Extruder design 
Adapter and die design 
Extruding profiles and shapes 
Extrusion coating with polyethylene 
Extrusion of film and sheeting 
Cooling extruded plastics (cellulosics and polyolefins) .. Til 
Auxiliary take-off equipment 
Setting up the extrusion line 
index to extruding characteristics tables 
Check list of defects and causes in extruded 
plastics parts 
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Plastisol and organosol casting 
Casting phenolics and epoxies 
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Casting acrylics 
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talks D-M-E SERVICE to the 
Mold Designer and Mold Maker 


D-M-E Standard Mold Base 
Availability Cuts Production Costs! 


Using D-M-E Standard Mold Bases and component 
parts, you can develop greater production flexibility 
.. your way to greater production savings! 


D-M-E Standard Mold Bases and components are 
carried in stock at your local D-M-E Branch ready 
for quick delivery . . . delivery when you need it! 
With D-M-E you eliminate waiting, cut downtime, 
reduce maintenance, reduce your inventory and 
maintain production schedules. 


Whether for injection or compression molding, 
D-M-E Standard Mold Bases enable you to work 
with one single reliable source. This one-call, imme- 
diate delivery service can help you to cut produc- 
lion costs .. . and increase profits! 





MOLD DESIGNER: D-M-E standard components are fully 
interchangeable: Replacements can be made without special 
fitting or reworking. D-M-E enables you to work with greater 
freedom by providing a selection of over 7,000 catalogued 
mold base combinations. And D-M-E Master Layouts enable 
designers to devote more time to cavity layout. 


MOLD MAKER: D-M-E first-quality carbon or alloy steel as- 
sures easier and more reliable machining. And D-M-E Stand- 
ard Mold Bases have exclusive built-in features at standard 
cost: surfaces ground flat and square; patented tubular 
dowels; one-piece ejector housing; stop pins welded to 
ejector plate; 33 sizes from 9%” x 8” to 2394" x 3542". 


FREE CATALOG 


Write today for your 242-page D-M-E Catalog of 
Standard Mold Bases and Mold Makers’ Supplies. 
No cost, no obligation. 


ny DETROIT MOLD ENGINEERING COMPANY 
lay l= 6686 E. McNichols Road — Detroit 12, Michigan — TWinbrook 1-1300 





Injection and Compression Mold Bases + 
Ejector Sleeves + 


Injection Unit Molds 
Leader Pins and Bushings + Sprue Bushings + 


Chicago * Hillside,N.J. * los Angeles * D-M-E- Corp., Cleveland, Dayton 


D-M-E of Canada, Inc., Toronto 


+ Cavity Retainer Sets - Moid Plates + Ejector and Core Pins 


Moldmakers' Tools and Supplies 
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For three good reasons, Kurz-Kasch is 4 
prime source for molded thermosetting 
plastic parts. First: money-saving experience. 
The parts shown illustrate our breadth of ex- 
perience and capacity for handling difficult 
jobs. Second: money-saving tooling. We design 
tools and dies for best long-run production 
economy. Third: money-saving deliveries. 
You get believable promise dates and youl 
parts arrive on schedule. Call your nearest 

rg yn gy Any hg :. pe representative for a quote on your next job. 
miniaturized parts. a3. organ key. 24. termini © Kurz-Kasch, Inc., 1415 South Broadway, 


board 15. spinning reel handle. 416. vaive liner. sali 1 : 
47. fuse nose. 48. organ key. 4&9. blower wheel. Dayton i, Ohio. 


SPECIALISTS IN THERMOSETTING PLASTIC PARTS siNcE 1916 kurz-kasch 


Beverly, Mass., Walker 2-0065; Chicago, Gladstone 6-88 
Minneapolis, West 9-7891; Mt. Vernon, W.Y., Mo. 4- 


37; Detroit, Trinity 4-2270; Englewood, Colo., Sunset 9-0443; Haddenfield, W.J., Hazel 8-4400; Largo, Fla., 534-2271) 
P t 6.1704 4866; Pasadena, Murray 1-4591; Rochester, N.Y., Beverly 5-3320; Scarborough, Ontario, Plymouth 7-3253; Loos. 
rospec : 
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Plastics Problem? 


Get help in a hurry 
from your NEW 


Encyclopedia Issue! 


EXAMPLE: Where and how to use resins and 

molding compounds? 

1, See the section “Resins and Molding Compounds” 
for all the fundamentals. Also see the materials 
charts and supplier lists in the “Technical Data” 
section and the introductory section “A Guide to 
Plastics Properties.” 

2. Then check the Advertisers’ Index—on the first 
page of the “Resins . . . ” section—for suppliers’ 
ads on resins, coatings, emulsions, etc. 

3. Secure additional names and addresses of sup- 
pliers from extensive Buyers’ Directory lists in the 
back of the book. 

4. Consult the Alphabetic Index for detailed cross- 
referenced listings of subjects related to your par- 
ticular inquiry. 

5. For more help, turn to the “Free Product Litera- 
ture” section, select pertinent booklets and send 
for them with the enclosed free post cards. 


EXAMPLE: How to color plastics? 

1. See the section “Chemicals and Additives” for 
complete background. 

2. Next, refer to the Advertisers’ Index on the first 
page of the section for ads relating to your spe- 
cific needs. 

. Check the Buyers’ Directory for a detailed listing 
of suppliers of dyes, stabilizers, plasticizers, etc. 

- Consult the Alphabetic Index for detailed cross- 
referenced listings of subjects related to your par- 
ticular inquiry. 

». For more help, turn to the “Free Product Litera- 
ture” section, select pertinent booklets and send 
for them with the enclosed free post cards. 


EXAMPLE: How to design a product—then get 


1, 


it made? 


Get the basic facts in the section “Engineering 
and Methods,” and the new introductory section 
“A Guide to Plastics Properties.” 


2. Then for molder and special service advertise- 


ments, see the Ac vertisers’ Index on the section’s 
first page. 


3. Next, examine the Buyers’ Directory for addi- 


tional names and addresses of molders, extruders 
and service organizations. 


. Consult the Alphabetic Index for detailed cross- 


referenced listings of subjects related to your par- 
ticular inquiry. 


5. For more help, turn to the “Free Product Litera- 


ture” section, select pertinent booklets and send 
for them with the enclosed free post cards. 


EXAMPLE: Which machinery to buy? 


1. 


Turn to the section “Machinery and Equip- 
ment” for a complete picture of the factors in- 
volved. 


2. Then see the Advertisers’ Index on the first page 


of this section and select ads whose messages 
bear on your problem. 


3. Get further information—names and addresses of 


machinery, machine tool and equipment manu- 
facturers—in the time-saving Buyers’ Directory. 


. Consult the Alphabetic Index for detailed cross- 


referenced listings of subjects related to your par- 
ticular inquiry. 


5. For more help, turn to the “Free Product Litera- 


ture” section, select pertinent booklets and send 
for them with the enclosed free post cards. 


The Encyclopedia is expressly designed to help you solve your problems. 
Reach for it next time you need help and see how valuable it can really be! 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 


. . « for fast, accurate answers to plastics problems 
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If you're within 


200 miles of 


Times Square... 


you ll want this new brochure on 


PYRO 
PLASTICS 


Custom Injection Molding 


A Word About Our Free Product Design Service. Useful Information for Design Engineers 


We maintain a creative staff of industrial 


designers and sales engineers that will help 
you with ideas and technical assistance. This 
service has saved Pyro customers many 
thousands of dollars. It is available to you at 
no cost or obligation. Our complete facilities .. 
including engineering, tool department, material 
processing and coloring, molding and finishing 

. will also. work with you to create the finest 
plastic molded parts or products...at the 
most economical cost...and always on time! 


and Purchasing Agents. Send for this new, 
informative bulletin. It’s a handy reference 
source. For example — you get our “Quick 
Reference Guide” that shows you the best 
plastic material to use for just about any 
application. And—we take you on a guided 
tour of our custom injection molding plant 

.one of the largest automated plants in 
America. You'll see for yourself why large 
volume users do better at Pyro! Theres 
no obligation, of course. Write toda 





ALMOST ANYTHING CAN BE IMPROVED... 
IN PLASTICS MOLDED BY GENERAL AMERICAN 





T. Riddell Inc. wanted safer one-piece helmets for pro football. General American helped provide the answer. 


every player on every professional football team at General American's Plastics Division. Our engineers 
enjoy a new measure of protection against injuries. 


and plastics specialists are backed by the largest, most 

ral American worked with the John T. Riddell Co., varied molding facilities in the world: compression 
eered a “‘collapsible’’ mold which made possible presses to 2000 tons... injection presses to 300 ounces 
duction of one-piece plastic helmets to rigid speci- ... large extruding and vacuum-forming machines 
ns. These helmets have been proved in gruelling unmatched anywhere. 

ind even more gruelling laboratory tests.) The man If you'd like to move profitably into 

bottom of a pile-up or at the business end of a plastics, you'll certainly find it pays to 

5 safer than ever before. plan with General American. — i 

rceful solutions like this are not at allexceptional = ~~ ra ee 


Plastics Division 
GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street * Chicago 3, Illinois * Offices in principal cities 
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WHICH IS THE 
CORRECT Patapar 
FOR YOUR 
PRODUCT? 


THERMOSETS 
THERMOPLASTICS 


ij 


27-109T 


PLASTICS WITH 


PRESSURE Patapar. 
SENSITIVE 
ADHESIVES 40-195TS 


i 


RUBBER 
55-41TS 


TACKY 
INDUSTRIAL » 
PRODUCTS 34-24T 


CAST 
URETHANE FOAMS, 


| 


RUBBERS, ETC. 55-40T 
NAME ® 
YOuR 

TO YOUR 
PRODUCT SPECIFICATIONS 





a. oe ene ee See ne ee eer 


a 





| Bristol, Pennsylvania 
NEW YORK, N.Y. 
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CHICAGO, ILL. 


Patapar. 


Economical interleaver for the pressing of phenolics, vinyls, 
polyesters and particle boards. This Parchment can be made 
to provide various degrees of matte finish on surfaces with 
which it is in contact. 

























This newly developed Patapar is specially made for re- 
leasing plastic wall coverings, labels, tapes, decals, etc. 
which have been backed with pressure sensitive adhesives. 


Economical release and protection for operations such as 
calendering, curing, interleaving and shipping. 


This Patapar is creped for maximum toughness and provides 
excellent release from all types of tacky industrial products. 


Provides controlled release at low cost. This Parchment, like to 
others in the Patapar line, also provides protection for the 

product before stripping. Han 
can | 

idea 
: to 8 

When a standard type of Patapar won't do precisely the pe 
job you want—then we will work with you to develop one itabl, 
that does precisely the job you want. can ¢ 
and 

and 
M 


Send for free samples of any type of Patapar Releasing Parchment. 
Let us know your needs. We'd like to work with you. 


PATERSON PARCHMENT PAPER COMPANY 


SUNNYVALE, CALIFORNIA 





\Wtelfeliare 
New Ideas 
wane 
matct—iale 


to mold Profitable Products from Plastic Pellets 


Handled right, the plastic pellets pictured above 
can be the best thing that ever happened to your 
idea for a new product, to your present product or 
0 some of its components, but .. . 

... it takes a heap of know-how to mold a prof- 
itable product from a pile of pellets. Not everybody 
can do it. It takes special talents, special equipment 
— often a special background to do a job right, 
and... 


Minnesota Plastics has these “specials,” knows 


m p 


what plastics can do . . . knows best how to apply 
them to your product, how to make your products 
better . . . to make your product profitable. 
What’s more, MPC is capable of the complete 
job—from basic design, through engineering, mold- 
ing, assembly, painting, printing and shipping. At 
Minnesota Plastics, you’ll save steps, you’ll save 
time, you’ll save money, and . . . these are the kinds 
of savings that help you get what you set out to get 
. .a workable, profitable product made of plastic. 


PIONEER MANUFACTURER OF NEW PRODUCTS IN PLASTIC 


Minnesota Plastics Corporation 
41-E EAST MARYLAND AVENUE®*SAINT PAUL 17, MINNESOTA 





FROM WATERTOWN 


Custom Molded, Decorated Handles 


Look to Watertown, a pioneer in the plastics industry since 1915, for 
revolutionary new developments in custom molding. Like handles with 
the design permanently molded in — another example of the Water- 
town “look-ahead” styling that packs more wallop into your product 
... that keeps you out in front of competition. No limitations on colors 
... all the assistance you may need with your designing. 

If you’‘re a manufacturer of housewares, electric housewares, cook- 
ware, appliances or any other product using plastic handles and parts, 
it will pay you to look into the extra profit potentials offered by custom 
molded Watertown parts with built-in sales appeal. Interested? Just 


drop a line to... 


THE WATERTOWN MFG. CO. 
300 ECHO LAKE ROAD, WATERTOWN, CONN. 


644 





25 years continuous growth serving industry 





er 


ee ek) al 


4 Wer 


One Bay of Molding Room 


Engineering 
and Tool Room 


However intricate your thermoplastic problems, ARTAG’S com- 
pletely integrated facilities... designing, engineering, tooling 
and quality molding ... all under one roof, spell customer satis- 
faction. Let our sound judgment and experience be a valuable 


We. PLASTICS CORPORATION 


4 complete facilities for injection molding of all thermoplastic materials 


2853 IRVING PARK ROAD « CHICAGO /&, ILLINO/S « KEYSTONE 9-48/0 





Perhaps it’s misleading to say that 
aspirin ranks a distant second to Lincoln 
as the preferred headache remedy among 
buyers of injection-molded thermoplas- 
tics. The truth of the matter is that those 


who buy from Lincoln seldom have headaches. Lincoln 
has the experience and the facilities to lick problems 
before they blossom into headaches. The job without 
problems? There isn’t such a thing. If there isn’t a price 


problem, there’s a delivery problem .. . or a quality 

problem ... or a problem in finding a supplier who can furnish the required finishing 
and decorating services. But these are all problems that Lincoln can solve for you. Got 
a job on your desk now that calls for injection-molded thermoplastics? Don’t wait 
. reach out with your left hand, pick up the phone and call Lincoln. The right 
hand? Use that to transfer the aspirin bottle from the desk drawer to the waste basket. 
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MOLDED PLASTICS, INC. 


Corwin & Clinton Streets * Circleville, Ohio 
Phone: GRanite 4-3121 


SUBSIDIARY OF GENERAL AMERICAN TRANSPORTATION CORPORATION 





PHYSICAL 
PROPERTIES 





Sunflower 68-70 38-50 min. | 50-65min. | .17 to .19 
Sunflower L.E 68-70 38-50 min. | 50-65min. | .09 to.1l 1}. 
Densite K-12 36-37 25-35 min. | 35-45min. | 035 to 045]. -. 2500-3000 | 5600-6300 
Densite K-17 43-45 20-30 min. | 30-40 min. | 06 to.07 |. -. 2000-2500 | 5000-6000 
Densite K-20 41-43 30-40 min. | 40-50 min. 10to12 |. -, 900-1200 | 2200-2700 
Densite K-25 44-46 30-40 min. | 40-50 min 04 to.05 |. -. 1900-2400 | 4800-5800 
Tooling Densite | 38-40 25-35 min. | 35-45 min. | .045to 060}. -. 2500-3000 | 5600-6300 
Breakaway 110-120 40-50 min. 50-60 min. | .09 to.ll |. -, 60-80 250-350 





















































LASTERS FOR THE TOOLING INDUSTRY 
from the NEW BLUE RAPIDS PLANT 


Material Principal Use Description 


LOW EXPANSION DENSITES 


Densite K-12 Duplicator Models Lowest expansion provides great accuracy, high 
strength and hardness 


Tooling Densite Duplicator Models, Splash Low expansion; special ingredients insure long- 
Castings, Screeding, Rod- est working time of any tooling plaster of com- 
ding, Loft Template Work parable set 


Densite K-17 Pattern & Model Making A low expansion, high strength plaster used ex- 
tensively for Keller patterns 


Densite K-25 Pattern & Model Making Same general characteristics as K-17 but is more 
plastic and builds up better on splash castings 
than any other high strength plaster 


HIGH EXPANSION DENSITE 


Densite K-20 Pattern Making Gives necessary high expansion to patterns when 
necessary to compensate for shrinkage of alumi- 
num or zinc alloy metals as Kirksite, etc. 


REGULAR MOLDING PLASTER 


Sunflower Temporary Patterns A general purpose tooling plaster. Has lowest 
Molding L.E Waste Molds expansion of all molding plasters on market. 
Lower cost than Densites. 


SPECIALTY 


Breakaway Expendable Mandrels A premium product for formation of irregular 
For Forming Plastic Casts ducts and tubes. Immersion in hot water softens 
the plaster core and permits easy removal. Col- 
ored buff for easy identification. 
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BESTWALL GYPSUM COMPANY 


Ardmore, Pennsylvania 
Plants and offices throughout the United States 


PRODUCTS 





We announce with pride our 








THERMOFORMING & FABRICATING PLANT 


equipped with the most modern thermoforming and fabricating facilities 


This new plant is equipped to handle giant size thermoforming, up to 60” x 120” formable sheeting. 


Our equipment includes AIR-O-FLOW Thermoforming Machines designed and constructed on the prin- 
ciple of automation. 


Blent #] Soest. 
it a 


These modern plants offer complete facilities in 


thermoforming and fabricating of Acrylic, ABS, 
Styron, Polyethylene, Polypropylene and related thermoplastic sheets. 


D| t #9 AIR-O-FLOW Industries, Inc. 
all Brooklyn, New York 

A modern machine manufacturing division specializing in 
thermoforming production equipment. Our entire line of INDUSTRIAL PLASTICS AND 
AIR-O-FLOW Thermoforming Machines have been test- PROJECT ENGINEERS SPECIALIZING 
proven for maximum efficiency in all phases of vacuum form- 


, IN ALLIED FIELDS OF THERMOFORM: 
ing, pressure forming, plug assist forming, male and female 
forming, ridge forming and Dura-flow forming. ING AND FABRICATING PLASTICS 


Quality is our most important product! 





For more information and literature write or phone today! 


CID) pURABLE INDUSTRIES, INC. 


75—35—31ist Avenue, Jackson Heights 70, New York - Phone: NR 2-1515 
DURABLE FORMED PRODUCTS, INC. * TECHNI-PLASTICS, INC. * AIR-O-FLOW INDUSTRIES, INC. © EASTERN SALES ASSOCIATES * DURA-TECH PRODUCTS INC. 








Couriesy Frank W. Egan & Company 


Three rolls 9%” D x 50” F CRODON- 
plated and finished te a flawless 
mirror surface contribute to the su- 
perior performance of this poly- 
styrene take-off unit. 


Unmatched 
product finishes... 
reflect the superb finishes of CRODON-plated rolls. Only 


versatile CRODON-plate provides durable surfaces ranging from glossy 
mirror to novel flat dull matte. Intermediate tones can be fashioned to help you produce 


unusually attractive new product finishes. 


Perception of these finishes is best obtained by examination of specimen surfaces. Our 
services can bring them to you for illustration and discussion. Start by sending us a call. 


CROBON 


6 Hunt 


Waterbury 2 
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for the Plastic Industry 


COMPRESSION 
~ INJECTION 
TRANSFER 


The skill of experience has made 
Liberty tops in mold making. Using 
the latest in modern equipment, 
Liberty can make all types of plastic 
molds (including hobs and hobbings) 
to your complete satisfaction. 

You are assured of precision work at 
a reasonable price. 

ELECTRICAL DISCHARGE MACHINING 


WE SPECIALIZE IN DUPLICATING 
AND ENGRAVING FOR THE PLASTIC 
AND DIE CASTING INDUSTRY 


rT 
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LIBERTY TOOL & MACHINE CO. 
outh 20th Street - Irvington 11, N. J. 
Dept. J Phone ESsex 4-0600 





Announcing... 


New Modern Facilities for 
ALL Your Mold Repairs! 


Here, under one ’ 
roof, our 
experienced 
personnel 

repair your 

costly molds 

at a fraction 

of new mold cost — 


— 


We can add metal in confined areas 
We can correct pitted surfaces 

We can build up parting lines 

We can fabricate intricate cavities 


We can achieve luster finishes on mold surfaces from 
350 vapor home finish 


We fabricate molds for electroform- 
ing, injection, vacuum-compression, 
and blow molding 


Nickel Form Specialists 


ELECTROFORM CO. 


Nickel Repair Specialists 


1010 Greely Ave., Union, N.J. Area Code 11 MU 6-8519 
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lt would take several large volumes... 


to list all the jobs, large and small, plastic is doing nowadays—and doing better than 
any other material. At Nagahama Plastics’ laboratories the search goes on daily for 
even more uses for Nagahama PVC pipes, plates, tubes, sheets and other products. 
We know this search will be rewarded because of the tremendous number of needs 
for versatile materials encountered daily by our modern society and plastic’s ability 


to fill those needs. For versatility remember plastic. For quality plastic, remember 
the name Nagahama. 


EXPORT ENQUIRIES should be addressed to 
NAGAHAMA PLASTICS INDUSTRIES LIMITED MITSUBISHI SHOJI KAISHA LIMITED 
Naka 28th Building 1-2-1, Marunouchi, Chiyoda-ku, Tokyo General Merchandise Dep't, 2-chome, Marunouchi, 


Chiyoda-ku, Tokyo, or Ovesea BRANCHES or 
REPRESENTATIVE of MITSUBISH! SHOJI KAISHA LIMITED 





specify the size... 


we'll custom 
extrude it 


FOR POLYETHYLENE EXTRUSIONS AND LAMINATIONS... 
in all quantities from sample cross sections to normal 
production runs...in any color required, matched and 
maintained with. no variation...in countless sizes and 
forms ...embossed in a wide choice of standard or spe- 


cial patterns...CONTACT CONTOUR. 


FOR VYLONI, THE REVOLUTIONARY NEW HIGH LUSTRE 
PLASTIC ... available in more than 2000 colors... with 
innumerable two-tone combinations as well as simulated 
pearl finishes ...in widths from 1/2” up... approximately 


at the cost of polyethylene... CONTACT CONTOUR. 





> STRIPS patentee 


: RODS 
: BELTING } 


rood hV{—4 4 a V4 C1 aT 


*. WASHERS : : . 
‘ : > LINERS 


NOVELTIES © :ToYs —_: GASKETS 


specify the shape... 
we'll automatically 
blank it to your order 


for a process that can sizeably reduce your manufactur- 
ing cost CONTACT CONTOUR 


Automatic Inline Blanking by CONTOUR actually elimi- 
nates a whole process in your production, completely 
does away with wasteful trim. You don’t buy the extruded 
material. You buy the shape you specify, extruded and 
blanked out by CONTOUR’S special technique. Add up 
the savings. Then CONTACT CONTOUR. 


WREOousr EXTRUSION COMPANY 


519 FAYETTE AVENUE, MAMARONECK, N. Y. 
Phone: OWens 8-6173 





DAWN OF AN ERA IN MOLDED TEXTURED PLASTIC PRODUCTS 


YOU MAY NOT HAVE HAD AN OPPORTUNITY TO VISIT OUR BOOTH AT 
THE NATIONAL PLASTICS EXPOSITION; IF NOT, BUT ARE INTERESTED 
IN MOLD DECORATING, OUR STORY IS YOURS FOR THE ASKING 


ROLL-DIE & MOLD DECORATORS, 


INC. 


3713 OAKWOOD AVENUE © POST OFFICE BOX 2493 © YOUNGSTOWN, OHIO ¢ PHONE SW 2-6555 
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=PLASTI- -BRASS®, “PLASTI- -KROME®= 


— bright metal: like moldings 
—— — Ss DLA s _——— 
SHAPES, RODS, TUBES, FABRICATED PLASTIC EXTRUSIONS 

® No die charge on plain rods or tubes. Others 

usually $65.00-—$200.00. 
® 20 years precision custom work experience exclusively. 
® 40,000 sq. ft. plant, own tool room & fabricating dept. 
® Cutting service, drilling, punching & forming. 
® Let us quote on your requirements. Ask for Brochure. 


ka ANCHOR PLASTICS 


Company, Inc. 


Sante 36-36 36th St., Long Island City 6, N.Y. 212 RA 9-1494 
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“TOMORROW'S 
PRODUCTS 
TESTED 
TODAY" 


We are now serving leading plastics compa- 
nies throughout the United States and foreign 
countries. 


Southeastern Florida offers the best location 
in the United States for naturally accelerated 
actual weathering and sunlight exposure tests. 
Quick predetermination of permanency and 
durability is possible at all times of the year. 
Write us today for full information. 


® Reg. U. S. Patent Office 


SOUTH FLORIDA TEST SERVICE, INC., 


4301 N. W. 7th Street Miami 44, Florida 


TESTING — INSPECTION — RESEARCH — ENGINEERS 
Est. 1931 




















onsolidated 


PRECISION 
MOLDED 


CONSOLIDATED MOLDED PRODUCTS CORPORATION 


SCRANTON 2, PA. 





Midland is: 


CJ EXPERIENCED 
CJ EQUIPPED 


C READY 


8000 ton hobbing press/BG 21 Keller/15 ton crane/ | 
Cincinnati Hydrotel/6 foot radial drill . . . plus com- | 
plete facilities for every type of tooling operation . . . 
any size . . . for uninterrupted production .. . 





Midland does: 

CI PLASTIC MOLDS 

CJ HOBBED CAVITIES 
C) ENGRAVING / MILLING 
CJ DIECAST DIES 


es 48” Wakefield Prismatic 
Refractor mold 
for General American 
Transportation Corp. 
Plastics Division for 
The Wakefield Co. 
Vermilion, Ohio 


Midland wants: to quote on your eee M I DLAN D 


next job, and talk over your tool- 


ing and production. DE DIE & ENGRAVING COMPANY 
PHONE: CHICAGO: Kingswood 3-7700 502 Factory Road / Addison, Illinois 








PLASTIC EXTRUSIONS 


CRANE engineers solve intricate design problems and 
cut costs on precision extrusions — rigid or flexible — 
in a wide range of thermoplastics. CRANE in-plant 
material compounding and tooling save time and money. 
Write for brochure showing how CRANE plastic extru- 
sions — custom-made or from stock dies — have been 
serving production manufacturers for fifteen years. 


fo. 
CRANE PLASTICS, we. 


2147 Fairwood Avenue 
Columbus 7, Ohio 


Find out how CRANE can help solve YOUR 
problems. Send prints or specifications. 








PLATING ENGINEERING CO. 


now offers 
A Midwestern Source 
for 
Electroformed Metal Molds for 
Plastisols or Vacuum Forming 


Low cost. Extremely accurate detail. High heat 
transfer—means rapid cure. Process good for 
multiple molds. You fumish wax or plastic 
pattern. 


SEND print for free estimate 
Sample mold (medium size) from your 
pattern $25.00 
Electroforming in copper and nickel 


PLATING ENGINEERING CO. 


1928 South 62nd St. Milwaukee 19, Wis. 
Phone: Evergreen 4-4848 








BIONIEER 
of 


PLASTIC 
MOLDING 
ve ote AMIDA TS 


of a 
century 


transfer 


THERMOPLASTICS 


to capacity of our 


oz. injection machines 


56 Rubber Avenue Naugatuck, Conn 





You Name It... 


CONNECTICUT PLASTIC PRODUCTS 
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Injection molding 


Ti. job of setting up an in- 
jection molding line—and keeping 
it running smoothly and economi- 
cally—has innumerable ramifica- 
tions, depending on the nature, 
quantity, and quality of the parts 
being turned out. This section can 
therefore be devoted only to an 
intensive study of the basic 
molding set-up and operation— 
from the time the plastic material 
enters the shop until the finished 
product is ready to leave. 

Although thermoplastic mold- 
ing materials, as they arrive from 
the supplier, are generally ready 
for immediate use, certain condi- 
tions may necessitate pre-molding 
treatment. The two most common 
operations of this type are: 1) 
drying of the material to prevent 
difficulties in molding; and 2) 
blending to modify the material 
in some fashion to impart desired 
end-properties or, in some cases, 
to use up scrap materials by add- 
ing small percentages to the vir- 
gin material. Text on drying be- 
gins immediately below; text on 
blending begins on p. 658. 

Once the material is ready for 
use, the next problem involves 
feeding it to the machine, either 
by the simple mechanical trans- 
fer of material into the hopper or 
by feeding a metered amount of 
material to the heating cylinder. 
Feeding is covered in the text 
beginning on p. 659. 

In machine design and con- 
struction, there are several addi- 
tional variables to be taken into 
account. These include: 1) se- 
lecting a system for plastication 
or pre-plastication (converting 
the cold, granular feed into a ho- 
mogeneous melt); 2) designing 
the nozzle for conducting the 
plastic melt from the injection 
cylinder to the mold; and 3) de- 
signing the mold itself. Text on 
plastication systems begins on p. 
661, nozzle design on p. 665, and 
mold design on p. 667. 

At this stage of the game, the 
next basic criterion involves con- 
trol of the principal variables of 
machine operation: 1) stock tem- 
perature; 2) injection pressure; 
3) rate of mold filling; 4) tem- 





perature of mold; and 5) over-all 
cycles. Their relationship to the 
molding job is discussed on 
p. 673. 

Final determining factor is, of 
course, basic characteristics of 
the specific plastics being molded. 
These characteristics are charted 
on p. 676. Following on p. 681 is 
a trouble-shooting guide that pin- 
points defects in operation and 
possible causes. 


DRYING 


To avoid poor quality molded 
parts, the plastic material fed to 
the injection machine must be 
reasonably free of moisture. If the 
material contains moisture, the 
parts produced will generally ex- 
hibit such defects as mica specks, 
bubbles or internal voids, or sur- 
face blisters. These defects are 
caused when the moisture is con- 
verted into steam at processing 
temperatures. Table I, p. 657, 
shows the permissible amounts of 
moisture which can be present in 
the several thermoplastics listed 
before defects in injection molded 
and extruded parts will become 
objectionable. 

Moisture in the material can 
exist in two forms. Some materials 
such as nylon, the cellulosics, 
polycarbonates, acrylics, and some 
styrene blends, are hygroscopic 
and readily absorb water from the 
humidity in the air. These mate- 
rials generally have an equilib- 
rium moisture level which is such 
that even in only ordinarily hu- 
mid air they will absorb enough 
water to cause troubles in the in- 
jection molding machine. The 
second form of moisture is that 
which condenses on the surface of 
the molding material pellets. 

In general, moisture condensed 
on the surface of the pellet is 
removed more rapidly and easily 
than the moisture absorbed by 
hygroscopic materials. Since the 
moisture in the hygroscopic mate- 
rial is virtually inside the pellet, 
the drying rate will be controlled 
by the rate at which the moisture 
will diffuse to the surface of the 
pellet as well as by the rate at 





which it will evaporate from the 
surface. In some cases the diffu- 
sion rate will be controlling and 
can limit the rate at which drying 
will take place. An important 
point to remember is that al- 
though a material may not be 
naturally hygroscopic, the addi- 
tion of other materials or pig- 
ments to modify the material may 
make it hygroscopic in nature. 

The drying rate will also de- 
pend on the humidity of the air 
used to dry the material, and the 
completeness with which the dry- 
ing air contacts the entire mass of 
the material to be dried. In the 
ideal case, the air would be ab- 
solutely bone dry and as hot as 
possible without softening or 
melting the plastic to be dried. 
It should also surround each pel- 
let completely so that the maxi- 
mum surface is exposed to the air. 
In addition, a large enough vol- 
ume of hot air should be used so 
that as drying, evaporation, and 
cooling take place the drying-air 
temperature does not drop to the 
point where the air becomes satu- 
rated with water picked up from 
the plastic. If the air temperature 
falls sufficiently for saturation to 
occur, no further drying will take 
place. 

Ordinarily, it is not practical to 
dry air completely before using it 
as a drying medium. However, it 
should be as dry as possible to 
minimize the drying time re- 
quired. Fig. 1, p. 657, shows the 
effectiveness of air of various 
moisture contents (the lower the 
dew point, the drier the air) on 
the rate at which various mate- 
rials can be dried to a given mois- 
ture level. As also shown in the 
graph, the time that the material 
is exposed to the drying conditions 
is important. For example, using 
the data in the graph, if the plas- 
tic to be dried is in contact with 
air at a temperature of 175° F 
and a dew point temperature o! 
0° F. and moisture level in the 
material is to be reduced to 0.1%, 
the material must be left in con- 
tact with the drying air for at 
least 1% hours. If less than this 
amount of contact time is pro- 
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vided, the material will never 
reach the level desired before the 
material leaves the drying device. 


Oven dryers 


The first type of dryer used in 
the plastics industry was the 
oven, and many of these, gener- 
ally of the circulating hot-air 
type, are still in use. Material is 
spread out in a thin layer, usually 
not over 1 or 2 in. deep, on trays 
within the oven. 

Temperature control is essen- 
tial to the drying operation and 
the oven should be well insulated 
to minimize heat loss and temper- 
ature variation. Equally impor- 
tant is that the oven be air tight 
to insure positive control over the 
internal chamber air temperature. 

Ovens having a closed air-cir- 
culating system and a dehumidi- 
fier which continuously dries the 
circulating air are by far the best 
type. Using dehumidified air al- 
lows the use of lower drying tem- 
peratures which in turn lessens 
the possibility of degradation of 
the material being dried by ex- 
posure to high temperatures. 

Major advantages of the oven 
dryer are that large amounts of 
material can be dried at one time 
and initial costs are low when the 
oven is large enough to service 
several machines. 

However, there are disadvan- 
tages to the oven which in recent 
years have made other drying de- 
vices, such as the hopper dryer, 
more popular. In the oven there 
is always the possibility of con- 
taminating the plastic material 
when loading and unloading oven 
trays. This loading and unloading 
also requires extra labor which 
increases operating costs. An- 
other undesirable feature is the 
need to expose the dried material 
to the atmosphere when trans- 
ferring it to the injection molding 
machine. This brief exposure 
sometimes undoes much of what 
the dryer accomplished. Also a 
problem in the tray-type oven 
dryer is the inability in most 
cases to get the drying air to cir- 
culate into the depth of the ma- 

ial on the tray. 


Hopper dryers 


[he hopper dryer is mounted 
the machine in place of the 
linary material hopper and acts 
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TABLE |: Percentage by weight of permissible moisture and the 
recommended drying temperatures of various plastics materials* 





Percentage by weight of 


permissible moisture 


Drying temperature 





Injection 
0.02-0.10 
Nylon 0.04-0.08 
Polyethylene 0.05-0.10 
Polypropylene 0.10 
ABS resin not available 
Celiulosics Max. 0.40 
Ethyl cellulose 0.10 
Polystyrene 0.10 
Polycarbonate Max. 0.02 
Vinyl 0.08 


Acrylic 





Extrusion ae A 
0.02-0.04 160-180 
0.02-0.06 160 
0.03-0.08 160-175 

0.10 160-200 
not available 170-190 
Max. 0.30 150-190 
0.05 170-190 
0.05 160 
0.02 250 at hopper 
0.08 140-200 


Note: Where two figures on moisture content are shown, the lower figure is for critical jobs 
and the higher one is the maximum allowable. * Prepared by Whitlock Assoc., Inc. 





as both the machine hopper and 
dryer. Four major types of hopper 
dryers available to the molder 
are: 1) hot-air, 2) rotating agi- 
tator hot-air, 3) dehumidifying, 
and 4) material circulating. 

In most of the hot air dryers, 
hot air is injected into the ma- 
terial through a screen suspended 
just above the throat of the hop- 
per. In some cases, the air is in- 
jected through a screen which 
forms the conical bottom of the 
hopper. In large hoppers, the two 
designs can be combined. 

In some drying systems, the 
dryer is separate from the mold- 
ing machine and mounted close 
to it at floor level to facilitate 
loading. As material is dried, it is 
pneumatically conveyed to the 
regular machine hopper. 

In another hot air hopper dryer 
design, the drying air is ex- 
hausted through ports midway up 
the hopper before it has passed 
through the entire charge of ma- 
terial in the full hopper. This is 
done to get rid of the air which 
has lost its heat before it gets 
up to the colder material above 
where it may actually drop its 
water on the incoming material. 

In the rotating agitator type 
dryer, drying air is introduced 
into the hopper through perfo- 
rated agitator arms which rotate 
within the mass of pellets and 
agitate them to improve the dis- 
tribution of the hot air through 
the mass. This type of hopper 
dryer is recommended for opera- 
tions using finely divided or pow- 
dered materials. 


The dehumidifying type of 


dryer has either a mechanical or 
chemical dehumidifying system to 
dry the air being used in the 
hopper for drying the material. 
The most widely used mechanical 
system has a refrigeration sys- 
tem to produce air with a mois- 
ture content corresponding to a 
dew point temperature of as low 
as 35° F. This “super-dry” air is 
then heated and used to dry the 
plastic. 

The chemical dehumidifier uses 
a desiccant to bring the dew point 
temperature of the drying air 
down to as low as —100° F. Both 
the chemical and the mechanical 
dehumidifying drying systems use 
a closed air circulating system. 

The material circulating type 
of dryer has two material cham- 


FIG. 1: Curves represent the 
drying capacity of 175° F. 
air of various moisture con- 
tents (dew points) in terms 
of drying time in hours plot- 
ted against moisture content 
or level (in %) to which it 
is desired to bring a mate- 
rial (Chart, Whitlock Assoc.) 
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bers which are used alternately 
to feed a small hopper mounted 
on the machine. This type incor- 
porates a closed system using de- 
humidified air. 

A study made of hopper designs 
for efficient drying indicated that 
the best design is a round hopper 
with its straight portion 2 times 
its diameter on small hoppers and 
2% times on large hoppers, with 
a 70° included angle conical bot- 
tom. This design combination was 
found to be about 75 to 80% ef- 
ficient in allowing material to 
flow through the hopper and also 
provided good distribution of 
drying air through the material. 

The drying air volume for sur- 
face moisture removal in these 
hoppers should be above 0.25 cu. 
ft./sq.in. of hopper cross-section; 
for hygroscopic materials the vol- 
ume should be about 0.50 cu.ft./ 
sq.in. of hopper cross-section. 
Table I, p. 657, shows recom- 
mended drying temperatures. 





The most common blending op- 
eration in an injection molding 
plant involves the addition of col- 
orant to the molding material. 
Other added materials may in- 


clude lubricants, other resins, and 
scrap material which is to be re- 
worked. Generally, the additions 
involve dry granules; thus the 
techniques described below for 
“dry coloring” can be used for 
blending any other dry material 
with the virgin resin. 


Dry coloring 

In dry coloring, the desired col- 
or in the form of pure pigment 
or a color concentrate is tumbled 
with the uncolored resin to be 
molded. 

With materials such as poly- 
styrene and conventional poly- 
ethylene, sufficient mixing of the 
dry color or concentrate with the 
uncolored resin takes place in the 
molding machine. With other ma- 
terials such as polypropylene or 
high melt index or high-density 
polyethylenes, better dispersion 
results are obtained by using the 
special nozzle dispersion devices 
described later in this section. 

Dry coloring offers the molder 
several advantages. He can gen- 
erally reduce his total inventory 


of different colors of raw mate- 
rial, as well as reduce the waste 
of material in processing. In ad- 
dition, he may be able to buy un- 
colored resin in larger quantities 
and thus enjoy a price discount. 
Dry coloring also increases the 
molder’s operating flexibility and 
he is in a position to change col- 
ors in accordance with quick 
changes in the customer’s desires. 
He can also rework scrap more 
efficiently by blending one color 
of scrap with the proper modify- 
ing pigments to produce another 
desired color. 

Only the simplest equipment is 
required for dry coloring. A tum- 
bler of some sort is needed; gen- 
erally a device which will rotate 
ordinary shipping drums is ade- 
quate. More complex dry blend- 
ing equipment is available if the 
particular color problem warrants 
it. Preferably, the drums used 
for tumbling the material should 
be made of a non-corrosive metal 
such as stainless steel to eliminate 
the possibility of contaminating 
the material being tumbled. Fiber 
drums can be used if they are in- 
spected frequently to insure that 
the abrasive action of the tum- 
bling material is not abrading the 
fiber and causing contamination. 

The most intimate mix of the 
dry ingredients is achieved when 
the drums are tumbled end-over- 
end and the tumbling machine 
should have an automatic timer 
which will allow the operator to 
accurately control the time of 
tumbling. 

The procedure for dry coloring 
is generally the same for all of 
the granular thermoplastics. First, 
a measured amount of uncolored 
resin is charged into the drum. 
This should occupy 50 to 60% of 
the total drum volume. If the 
drum size is such that this volume 
of resin weighs 100 Ib., the addi- 
tion of color can be made on a 
percentage-by-weight basis; the 
100-lb. batch size minimizes the 
chances of error in adding the 
specified amount of color. If the 
resin comes in 50- or 100-Ib. bags, 
the bag weight is usually accurate 
enough to eliminate the need for 
weighing out the resin charge. 

With bulk materials, of course, 
the resin charge will have to be 
weighed out or the tumbling drum 
may be marked on the side at a 


point corresponding to a volume 
of resin equivalent to 100 lb. Note 
that the accuracy of the latter 
method will depend on the con- 
stancy of the bulk density of the 
charge. 

After the resin has been 
charged and prior to the addition 
of color, it is customary to add a 
wetting agent to the batch to pro- 
mote better adhesion of dry pig- 
ments to the resin granules. Wet- 
ting agents are especially impor- 
tant in coloring polyolefin resins. 
Usually the amount added is so 
small that it has no effect on the 
color or the properties of the 
resin. However, they must be 
compatible for use with the resin 
being colored. If color concen- 
trates are being used, a wetting 
agent is generally not needed. 
After the wetting agent is added, 
the batch is tumbled for about 
5 min. to distribute the agent 
throughout the resin pellets. 

After the wetting agent has 
been tumbled with the resin, an 
accurately weighed amount of 
colorant is added to the charge. 
Dry powdered pigments should be 
added through a sifter to break 
up any lumps or agglomerates; 
pelleted concentrates do not need 
sifting. 


Tumbling 


For the most efficient mixing 
action, the rotational speed of the 
tumbling drum should be about 
90% of that which will cause the 
charge within the drum to cen- 
trifuge and ride around against 
the drum walls without mixing. 
For most tumbling operations, 
this is between 30 and 45 r.p.m. 

The optimum tumbling time 
will vary from job to job and with 
the quality of the color desired. 
Its determination is largely a mat- 
ter of experimentation. Once the 
optimum time has been deter- 
mined, it should not be allowed 
to vary from batch to batch, or 
the batches of a given color will 
vary significantly in shade or in- 
tensity. This is why accurate and 
automatic timing devices are an 
important part of the tumbling 
equipment. 

This emphasis on maintaining 
the same tumbling time fron 
batch to batch is not meant to 
imply that a fixed time should b« 
used for all colorants and al 
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resins. The correct tumbling time 
for one coloring job may be total- 
ly wrong for another. For exam- 
ple, while the average tumbling 
time for cadmium colors may be 
as short as 2 min., other inorganic 
colors may require cycles as long 
as 15 or 20 minutes. 

Upon completion of the blend- 
ing operation, the colored resin is 
ready for the press hopper. If the 
resin has been colored with a 
powdered dry pigment, a pneu- 
matic or vacuum loading device 
should not be used, since it will 
tend to separate the pigment from 
the resin. This is not a problem 
with color concentrates. 

In general, the success of dry 
coloring or blending will depend 
on the accuracy and cleanliness 
with which the process is carried 
out. Any contamination or errors 
in weighing the colorants or in 
mixing different colors will result 
in a poor coloring job. To avoid 
trouble it is best to isolate the 
mixing operation in an area of 
the plant where it will not affect 
or be affected by other operations. 
It is also a good idea to have dif- 
ferent mixing drums for different 
colors—one drum for reds, one for 
yellows, one for blues, and so on. 
In addition to these precautions, 
it is advisable to keep colored ma- 
terials in tightly covered contain- 
ers to avoid moisture pick-up, 
which can cause changes in the 
color as well as surface defects 
in the finished part. 

The quality of color in the fin- 
ished part will also depend on the 
ability of the injection machine to 
complete the dispersion of the 
color within the resin as it is 
processed. Although adequate 
care may have been exercised in 
the coloring, it is not possible to 
completely disperse the color uni- 
formly in some resins without the 
use of nozzle dispersion aids. 
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There are two separate operations 
involved in feeding thermoplastic 
materials to the injection molding 
machine. The first simply involves 


the mechanical transfer of the 


material into the hopper of the 
machine; the second involves 
le ding a metered amount of ma- 
al to the heating cylinder of 
injection molding machine in 
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accordance with the amount of 
material which is required to fill 
the mold. 

Although the first operation is 
simply a materials handling prob- 
lem, if the input to the cylinder, 
as determined by the cylinder 
feeding device, is not in exact 
balance with the output of the 
cylinder, as determined by the 
weight of the part or parts being 
produced in the mold, there will 
be a constant fluctuation in the 
total inventory of the material 
within the heating cylinder. If the 
cylinder inventory fluctuates sig- 
nificantly, there will be consider- 
able variation in the amount of 
heat to which each shot is ex- 
posed as it passes through the cyl- 
inder and in the effective pres- 
sure which will be applied to the 
material in the mold at a constant 
pressure setting of the machine. 
Variations in the heat history of 
the material and in the injection 
pressure, as well as simple star- 
vation of the cylinder, will cause 
short shots, flashing of the mold, 
variable part shrinkage, and gen- 
erally erratic operation. 


Loading the hopper 

In some injection molding 
plants, particularly those which 
use large quantities of a single 
grade and color of material, 


Fig. 2: Weigh feeder mount- 
ed on injection molding ma- 
chine. Unit employs a highly 
accurate net weighing scale 
equipped with cut-off con- 
trols and a vibratory feeder 
for delivering material to 
the weigh hopper. (Photo, 
Exact Weight Scale Co.) 


equipment is used which trans- 
fers material directly from the 
storage area to the hopper of the 
molding machine. For example, 
one cup-molding plant was de- 
signed as a two-story set-up. The 
second floor of the plant acts as 
both the material storage area and 
the hopper loading floor. Large 
bins, which can hold several hun- 
dred pounds of material, are lo- 
cated on the second floor in posi- 
tions directly over the hoppers of 
the machines on the first floor. 
Material flows from the bins by 
gravity into the machine hoppers 
below. In another plant making 
clear boxes in standard sizes, the 
material is pneumatically con- 
veyed from a central storage area 
to the hopper of each machine. 

However, in the majority of 
molding plants, the advisability 
of installing automated materials 
handling and machine feeding 
systems will depend on individual 
requirements. Each molder will 
have to determine whether the 
savings and increased efficiency 
involved are great enough to 
warrant the initial and operating 
cost of complex materials han- 
dling systems. 

In non-automated plants, mate- 
rial is usually transported from 
the storage area by conventional 
materials handling equipment 
such as fork lift trucks and pal- 
lets. After the material arrives at 
the molding press, it may be 
manually dumped into the hopper 
directly from the shipping con- 
tainer, or placed in an interme- 
diate storage container of some 
sort located beside the machine. 

Since the hopper on most 
molding machines is located above 
the press, some means is required 
to lift the material from floor level 
into the open hopper. The sim- 
plest arrangement is a ladder and 
platform which allows the trucker 
to climb up and fill the hopper 
manually. Another method is to 
use a drum or bag dumper, which 
elevates the container to a point 
above the hopper and then tilts 
it to pour the material into the 
hopper. Bucket elevators are also 
used. With these, material is 
loaded into the unit at floor level 
and then mechanically conveyed 
to a point above the hopper and 
discharged. Many of these units 
are portable, allowing the same 





unit to be moved from machine 
to machine as loading of the hop- 
pers is required. Since there is a 
minimum amount of material agi- 
tation in these devices, they are 
suitable for use in feeding dry 
colored materials without the 
danger of disturbing the distribu- 
tion of the dry pigment in the 
material. They are also suited to 
the handling of finely divided 
materials because of the minimum 
amount of “dusting” that would 
be involved. 

In feeding applications where 
dusting is not a problem and 
either natural color or com- 
pounded materials are being han- 
dled, or where dry coloring is 
done with pelletized color con- 
centrates, the pneumatic or vac- 
uum feeder is most popular. In 
this feed system, the material is 
placed in a _ storage container 
(which can be the shipping con- 
tainer) at the machine near the 
hopper. The inlet end of the rigid 
conveyor tube is then buried in 
the material at a point near the 
bottom of the container. The dis- 
charge end of the conveyor tube 
is placed above the hopper. The 
material is then moved by com- 
pressed air or vacuum from the 
container to the hopper. 


Several models of pneumatic 
and vacuum hopper loading con- 
veyors are on the market, some 
of which are designed to do jobs 
in addition to simply conveying 
material into the hopper. For ex- 


ample, in some vacuum types, 
provision is made for removing 
“fines” from the material as it 
is conveyed. 

Another type of hopper loader 
is designed to meter color con- 
centrate pellets along with un- 
colored resin in accurately con- 
trolled ratios. One inlet tube of 
the unit is placed in the bin of 
natural material, while the other 
is located at the bottom of a small 
auxiliary hopper in which the 
color concentrate is loaded. Since 
the material is thoroughly agi- 
tated as it flows through the con- 
veyor tube, this type of hopper 
loader eliminates the need for a 
separate dry blending operation. 
Manufacturers of various types 
of hopper loaders are listed in the 
Directory. See the index, p. 1060. 
Specifications for many such de- 
vices are given in advertising in 


this volume. Key to advertisers of 
hopper loaders is the Advertisers’ 
Index, p. 839. 


Feeding the cylinder 

The plastic material can be fed 
to the injection machine cylinder 
on either a volume or weight 
basis. Up until about 10 years ago, 
all injection machines were fed 
on a volumetric basis, the most 
widely used feed mechanism be- 
ing controlled by a piston which 
moves with the main injection 
ram of the molding machine. The 
mechanical linkage between the 
feed piston and the main injec- 
tion ram is designed so the stroke 
of the feed piston can be varied, 
thus adjusting the volume de- 
livered per stroke. 

In general, volumetric cylinder 
feed systems lack the precision 
required in all but the least criti- 
cal molding operations. Varia- 
tions in the bulk density of the 
material being fed, changes in the 
ability of the material to flow 
through the feed system, changes 
in granulation size, and changes 
in the pressure of the material 
due to changes in hopper level all 
contribute to the variability of the 
amount of material delivered to 
the cylinder on each stroke. As 
was pointed out earlier, these 
variations in the feed will cause 
variations in the cylinder inven- 
tory and, in turn, erratic opera- 
tion of the machine. 

Gravimetric or weigh feeding 
eliminates practically all the 
shortcomings of the volumetric 
feeder. Since the specific gravity 
of the individual pellets in the 
feed remains essentially un- 
changed as the material passes 
through the machine, the system 
is independent of volumetric 
changes within the machine, al- 
lowing an exact match of the in- 
put and output of the cylinder 
and minimizing cylinder inven- 
tory variations. 

In the weigh feeder (shown in 
Fig. 2, p. 659), the pellets flow 
out of the main supply hopper 
onto a small vibratory conveyor. 
This conveyor feeds the material 
into a small bucket with a hinged 
bottom, mounted over the feed 
throat of the injection cylinder, 
which is part of an accurate scale 
that weighs the contents of the 
bucket. When a predetermined 


weight of material has been de- 
livered, a switch is tripped which 
shuts off the conveyor. When the 
injection ram is retracted at the 
end of a molding cycle, it trips 
another switch which opens the 
bottom of the weigh bucket, al- 
lowing its contents to fall into the 
injection cylinder in front of the 
ram, 

Since no machine is perfect, a 
weigh feeder may, over a long 
period of time, develop small er- 
rors in the weighing of each 
charge, or a malfunction on the 
molding machine may upset the 
input-output balance of the sys- 
tem, causing a cushion to develop 
in the cylinder and resulting in a 
loss of effective molding pressure. 

To avoid such troubles, most 
weigh feeders have a compen- 
sating system which varies the 
weight delivered to the bucket in 
accordance with the position of 
the injection ram on the forward 
stroke. If the ram does not travel 
as far forward as it should, indi- 
cating the build-up of a cushion, 
a short weight charge will be de- 
livered to the cylinder until the 
cushion has been worked off, at 
which point the charge weight 
automatically returns to the origi- 
nal value. 


Feeding the pre-plasticator 

The problem of controlling the 
feed of material to injection ma- 
chines equipped with pre-plasti- 
cation systems is not as critical 
as with conventional machines. In 
the pre-plasticating machine, the 
amount of plastic material de- 
livered to the shooting or injec- 
tion cylinder is controlled by the 
pre-plasticating system. In the 
ram type of pre-plasticator, the 
pre-plasticator ram volumetrical- 
ly meters out an amount of mol- 
ten plastic into the shooting cyl- 
inder. Since the plastic is molten, 
volume can be controlled quite 
precisely by the stroke of the pre- 
plasticator ram. Also, since the 
shooting system is functionally 
separate from the plastication sys- 
tem, the feeding of the pre-plasti- 
cator cylinder will not affect the 
injection cylinder’s performance. 
The same is true of machines 
which have screw or extruder 
pre-plastication systems separate 
from the shooting cylinder. 

In recent years, injection m°- 
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chines have been developed which 
use a screw for plastication of the 
material and in which the screw 
also acts as the injection ram. No 
studies are available on the need 
for weigh feeding in this type of 
machine. Although sufficient ma- 
terial must be added to replace 
that which is shot .in filling the 
mold, it is not clear whether an 
over-feed of material to the screw 
would have any deleterious effect 
on the performance of the ma- 
chine. In general, because of the 
lessened benefits of weigh feeding 
when used with pre-plasticating 
machines and because of the cost 
of the equipment, weigh feeders 
are not widely used with such 
machines. 

Volumetric feeders are gener- 
ally supplied as part of the injec- 
tion molding machine. Although 
machines can be purchased with 
weigh feeders attached and in a 
few instances as part of the ma- 
chine’s design, they are generally 
purchased as separate equipment 
by the molder. 

Manufacturers of weigh feeders 
are listed in the Directory. See 
the index on p. 1060. Specifica- 
tions for certain weigh feeders are 
given in advertising in this vol- 
ume, key to which is the Adver- 
tisers’ Index. 


PLASTICATION 


The function of the injection cyl- 


inder in the injection molding 
machine is to thoroughly and uni- 
formly convert the cold, granular 
plastic feed material into a ho- 
mogeneous plastic melt of con- 
trolled viscosity and force it into 
the clamped mold. 

Basically, the injection cylinder 
is a simple heat exchanger. Most 
cylinders have heavy steel walls 
with highly polished inner sur- 
faces. For some purposes, the cyl- 

ler may be lined inside with a 
special corrosion-resistant mate- 
rial designed to resist the possible 

adation products of thermally 
table resins such as polyvinyl 
ide. One end of the cylinder 
sed by the injection plunger 
the other end terminates in 
nozzle which conducts the 
c from the cylinder into the 
proper. 
most popular means of 
g the cylinder is by band 
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type electrical resistance heaters 
which are fitted tightly around the 
cylinder in zones. Steam or oil 
heating systems have been de- 
veloped, but are not in wide 
usage. Some thought has even 
been given to the use of induction 
heating. 

When electrical heaters are 
used, the temperature of the bar- 
rel is closely controlled, using 
either conventional proportioning 
type temperature controllers or, 
more recently, saturable core re- 
actor type controllers. Most of 
these instruments are capable of 
controlling the cylinder tempera- 
ture within a few degrees 
Fahrenheit. 

It is important to note that only 
the cylinder temperature is di- 
rectly controlled by the machine. 
The actual temperature of the 
plastic within the cylinder and as 
it is ejected from the nozzle can 
vary considerably, depending on 
the efficiency of the heating 
cylinder and the method in which 
it is operated. As in any heat ex- 
changer, the amount of heat 
transferred to the material being 
heated will depend on several 
factors. The temperature of the 
material in the cylinder will thus 
be found to vary according to the 
time the material remains in the 
cylinder; the internal surface 
heating area of the cylinder per 
volume of material being heated; 
the thermal conductivity of both 
the cylinder wall and the plastic 
material; the differential in tem- 
perature between the cylinder 
and the plastic; the wall thickness 
of the cylinder and of the sta- 
tionary film (on the inner cylin- 
der wall) of the plastic being 
heated; and the amount of turbu- 
lence or mixing in the plastic in 
the cylinder. 

Since plastics materials have 
low thermal conductivities, it is 
difficult to transmit heat through 
them rapidly. In addition, plastic 
melts are very viscous and it is 
difficult to create any turbulence 
or mixing action in them without 
the positive application of some 
form of mechanical agitation. The 
problem is further complicated 
by limitations on the length of 
time the plastic may be allowed 
to remain in the cylinder. In de- 
signing the cylinder, a balance 
must be maintained between the 


need to provide adequate time for 
proper heat exposure of material 
in the cylinder and the need to 
move the material through the 
cylinder as fast as possible. This 
latter factor is several sided: the 
molder’s demands for faster cy- 
cles; the requirements of ther- 
mally unstable polymers; and the 
limits imposed on cylinder size 
by injection pressure considera- 
tions. 

In general, the heat transfer 
problems have led injection cyl- 
inder designers to concentrate on 
making the cylinders more effi- 
cient heat transfer devices rather 
than making the injection cylin- 
ders longer or larger in diameter. 
As a result, the internal design 
of these units varies considerably 
from make to make of machines. 
The more common injection cyl- 
inder systems are described be- 
low and illustrated schematically 
on p. 662. 

Conventional torpedo: The most 
widely used and one of the most 
simple methods of improving heat 
transfer from the cylinder to the 
plastic material is to provide a 
torpedo-shaped baffle or spreader 
within the cylinder, with its axis 
coincident with the axis of the 
cylinder. (See Fig. 3, p. 662.) The 
torpedo, which may be solid or 
cored for heating, is usually sup- 
ported by three or more fins. The 
function of the torpedo is to 
spread the plastic material out 
into a thin annular layer between 
the outer surface of the torpedo 
and the inner surface of the cyl- 
inder. By this means, the heating- 
surface/volume ratio of the ma- 
terial is greatly increased and the 
material is also subjected to a 
high rate of shear. The resulting 
thin section will heat more 
rapidly. 

In practice, the torpedo as- 
sumes various shapes in different 
machines but all perform the same 
basic function. 

Melt extractor: A more complex 
device for increasing the efficiency 
of the heating cylinder is known 
as the me!t extractor and is shown 
in Fig. 4, p. 662. In a sense, the 
me't extractor acts as a strainer 
as we 1 as to svread the material 
out into thin sections for more 
rapid heat transfer. Essentially, it 
is a hollow torpedo. Material is 
pushed into the inside of the melt 
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FIG. 4: Melt extractor cylinder. Ma- 
terial is forced through core of the ex- 
radial 
holes into annular space between ex- 
tractor and the inner cylinder wall 
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FIG. 6: Reciprocating screw cylinder 
material 
and deposits it in front of itself within 
the cylinder, 


modate it 


Extruder screw plasticates 
moving back to accom- 
On the screw 
moves forward along its axis and acts 
as injection ram, In diagram, right, 
screw is shown in forward position 
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FIG. 3: Conventional torpedo type cy!- 
inder. Torpedo functions by spreading 
the plastic out into a thin annular 
layer between the outer surface of tor- 
pedo and inner surface of cylinder 
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FIG. 5: IMS vented reverse flow cylin- 
der. Material makes three passes 
through the cylinder in drilled chan- 
nels. At end of second pass, volatiles 
are vented through the small channel 
shown, passing off through the porous 
granular material in feed section 


Injection cylinder 


Heater 








Injection cylinder 


~ Heater~ 





Nozzle- 


6 


Rotating and 
reciprocating 


screw 








Rotating spreader 


Naleasee shaft 
njection piston 





Screw-piston shaft 


FIG. 7: Cylinder with rotating spread 
er. The rotating spreader is a finned 
torpedo which rotates within cylinder 
Annular cross-section injection piston 
around the spreader shaft moves for- 
ward to inject material into mold 
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extractor from the plunger end 
and, as it becomes molten, passes 
out through small holes (smaller 
in diameter than the size of a pel- 
let of material) and flows to the 
nozzle on the outside surface of 
the melt extractor. The advan- 
tages claimed for this device over 
the conventional ‘torpedo are: 
material does not pass through the 
until it is completely 
molten, and the size of the holes 
is such as to provide better heat 
transfer. 

This device is still subject to 
controversy: some molders say 
that they have had excellent re- 
sults with it while others report 
little if any advantage over the 
conventional torpedo. 

Vented reverse flow cylinder: 
Designed to improve the efficiency 
of the heating cylinder by caus- 
ing the melt to double back in its 
path through the heating cylinder, 
the vented reverse flow cylinder’, 
in effect, increases the time of 
exposure to heat within the cylin- 
der. A schematic of this design is 
shown in Fig. 5, p. 662, First pass 
through the cylinder takes place 
through a circular series of holes 
drilled parallel with the axis of 
the cylinder. Second and third 
passes take place in annular pas- 
sage-ways within the ring of 
holes forming the path for the 
first pass. An additional feature 
of the design is that, at the end 
of the second pass, the material 
is vented through a tube to the 
porous granular material in the 
feed section, thus allowing the 
escape of volatiles. 

This vented reverse flow cylin- 
der can hold a larger inventory 
of material than conventional de- 
signs and therefore may require 
more material to purge or clean 
out the cylinder. Also, because of 
the design, thermocouple and 
heater band placement requires 
more care to get the proper heat 
control. It is also not recom- 
mended in some applications such 
as the molding of wall tile where 
mottles which have been worked 
out on other cylinders would be 
affected. 


cylinder 


Reciprocating screw machines: 


Generating a lot of excitement 
within the U.S. in the past year 
or so, the reciprocating screw ma- 
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FIG. 8: Other cylinder designs are shown here in cross-section. 
Because of non-uniform flow distribution and difficulties in 
streamlining channels, neither design has proved very popular 


chine, the cylinder of which is 
shown schematically in Fig. 6, p. 
662, was developed in Europe and 
has been in wide commercial use 
there for at least the past two or 
three years. 

In this type of machine, the 
ram of the conventional machine 
is replaced by a rotating screw, 
similar to the screw used for ex- 
trusion. Because of the mixing 
and shearing action of the screw, 
an excellent job of material plas- 
tication and homogenization is 
produced, As material is melted, 
it is deposited in front of the 
screw at the nozzle end of the 
machine, the screw retracting as 
the material builds up to shot 
size. When enough material is ac- 
cumulated, the screw moves for- 
ward, as the ram does in the con- 
ventional machine, forcing the 
melt into the mold. Chief advan- 
tage of this type of plasticating 
system is the excellent thermal 
uniformity of melt and conse- 
quent production of stress-free 
molded parts. 

Rotating spreader: Closely al- 
lied to the reciprocating screw is 
a rotating torpedo design recently 
introduced by Du Pont engineers. 
(See Fig. 7, p. 662.) In this de- 
sign, a finned torpedo within the 
heating cylinder is rotated by a 
drive shaft running through a 
hole in the conventional piston. 
The finned torpedo scrapes the 
inner walls of the heating cylin- 
der, causing a mixing action or 
turbulence in the melt, thus aid- 
ing heat transfer efficiency by 
mixing warmer material with the 
colder, inducing a convection type 
of heat transfer. As would be ex- 
pected, the thermal uniformity of 
the melt is greatly improved. 
Also, like the reciprocating screw 
machine which uses a positive 
mixing action, color dispersions 


are improved in dry coloring 
work and molded-in stresses are 
reduced. 

Other designs: Figure 8, above, 
shows other designs which have 
been used in attempts to improve 
the performance of injection cyl- 
inders. In the one with the bore 
in the form of a cross, there is a 
tendency for the material to 
channel through the center. The 
multiple hole design was not too 
successful because of the difficulty 
of properly streamlining the en- 
trances and exits of the holes to 
avoid stagnation and burning of 
the material. Such designs have 
had only limited success and few 
are in use today. 


Pre-plastication 


Pre-plasticators are another ap- 
proach to the problem of deliver- 
ing a fully plasticated and ther- 
mally homogenous melt to the 
injection mold on the fastest pos- 
sible cycle. The basic concept 
behind the pre-plasticator is to 
separate the melting from the in- 
jection function of the conven- 
tional cylinder. All true pre- 
plasticating machines have an 
auxiliary cylinder or chamber, 
where the material is plasticated, 
which is completely isolated from 
the main injection cylinder dur- 
ing the shooting stroke of the 
cycle. The main injection cylinder 
is called upon to do little if any 
further melting of the material, 
its chief function being to main- 
tain and accurately control the 
temperature of the melt and the 
pressure applied on the melt by 
the ram. 

The most common pre-plastica- 
tion system used in the U.S. is one 
which has a conventional torpedo 
type cylinder mounted above or 
below the main injection cylinder 
in the same vertical plane. This 
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FIG. 9: Schematic drawing of ram pre-plastication system. Valve may 
be set to permit: 1) filling of injection cylinder; 2) injecting contents 
of shooting cylinder into mold with stuffing cylinder shut off (shown); 
or 3) purging the stuffing cylinder through the nozzle 
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FIG. 10: Schematic 
drawing of screw 
pre-plastication § sys- 
tem. Extruder feeds 
cylinder with plas- 
ticated melt 
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FIG. 11: Tandem pre-plastication system using a melt extractor in the 
pre-plastication cylinder. Pre-plasticator piston forces material through 
melt extractor into fixed accumulator system. Moving table moves to 
left, opening nozzle valves; front end of pre-plasticating cylinder acts as 
injection ram. Ball check valve prevents backflow 
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system is shown schematically in 
Fig. 9, left. The output of the 
pre-plasticating cylinder can be 
directed by means of an electri- 
cally controlled three-way valve 
to either the main injection cylin- 
der, or the nozzle of the injection 
machine for purging. The third 
position of the valve shuts off the 
pre-plasticating cylinder and al- 
lows the main injection cylinder 
to shoot through the nozzle. Be- 
tween shots, the pre-plasticating 
cylinder replenishes the supply of 
plastic melt in the injection cyl- 
inder and is then shut off for the 
next injection stroke. The main 
injection ram retracts in accord- 
ance with the volume of the in- 
coming material. Since variations 
in the granular feed do not affect 
the injection when pre-plasticat- 
ing is used, greater control can 
be exercised over the injection 
pressure. In addition, the material 
is heated for a longer time, in- 
suring a more uniform and homo- 
genous melt. And since the ma- 
terial is fully plasticated when it 
enters the main injection cylin- 
der, it is sometimes possible to 
use lower material temperatures 
which in turn requires less cool- 
ing of the part in the mold and 
speeds up the cycle. 

In a variation of the above sys- 
tem, a specially designed pre- 
plasticating chamber spreads out 
the material as much as possible 
to provide the maximum amount 
of heating surface for a given 
volume of material within the 
geometrical limitations of the ma- 
chine. As a result, the pre-plas- 
ticating cylinder takes on a short 
Squat appearance as compared to 
the longer lines of the conven- 
tional cylinder. 

In other pre-plastication sys- 
tems, the ram pre-plasticator is 
replaced with a screw extruder. 
This was one of the earliest pre- 
plasticator designs but it did not 
prove very popular. However, 
with an increased appreciation of 
the extruder’s ability to produce 
thoroughly plasticated melts, 
there is some evidence that this 
type of system may become more 
popular than it has been in the 
past. The general arrangement is 
shown schematically in Fig. 1", 
left center. 

In still another novel pre- 
plasticating system, the pre-plas- 
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ticating cylinder is placed in 
tandem with the injection cylin- 
der and the front end of the pre- 
plasticating cylinder also acts as 
the ram for the injection cylin- 
der. The arrangement is shown 
schematically in Fig. 11, p. 664. As 
material is plasticated in the pre- 
plasticating cylinder, it passes 
into the injection cylinder through 
a ball check valve in the ram. 

Also novel in this system is the 
use of a melt: extractor rather 
than a conventional torpedo in 
the pre-plasticating cylinder. An- 
other advantage claimed for the 
system is that it can be installed 
on existing conventional injection 
machines with a minimum of dif- 
ficulty. 





NOZZLES 


Although 
variations 


there are several 
in design, injection 
perform one basic 
conducting the plastic 
melt from the injection machine 
cylinder to the mold. Nozzles are 
made of tough, hard steel and are 
built with sufficient mass and heat 
capacity so that they cannot cool 
rapidly and freeze up with mate- 
rial. In addition, care is taken to 
prevent material hang-up in the 
nozzle where it could burn and 
contaminate the plastic moving 
through the nozzle. Most are 
built so that they can be easily 
interchanged, and particular care 
is taken in their design to insure 
a clean break in the plastic ma- 
terial between injection cycles. 

Standard nozzles usually come 
with a spherical radius of 34 or 
4 in. on their tips. Because of its 
larger seating area, the 34 in. tip 
is ordinarily preferred since it 
seats better in the sprue bushing 
of the mold and will generally 
resist abuse better. 

Most injection cylinders are 
built to discharge into a nozzle 
nlet 34 in. in diameter, but this 
ize can range between % and 
1's inches. The discharge opening 

standard nozzles is usually 
iade to fit standard sprue bush- 
ngs which have inlet openings of 
4e, Or % inch. Some special 
zzles, such as the pin-point 
pe, will have tip openings as 
nall as 0.020 inch. The nozzle 
charge opening should always 
smaller than the sprue bush- 


nozzles _ all 
function: 
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ing opening (usually by about 
Yo to Ya in.) to avoid creating a 
lodging place for stagnant mate- 
rial and to insure an obstruction- 
free flow channel even if the 
openings in the nozzle and sprue 
bushing do not align perfectly. 

In most cases, the nozzle has 
a heater band to control the noz- 
zle temperature. (See Fig. 12, be- 
low.) Automatic temperature con- 
trol systems are not normally 
used because of the difficulty of 
properly locating the thermo- 
couples in the crowded nozzle 
area. Control is usually achieved 
by a variable transformer. The 
nozzle temperature must be so 
regulated as to provide a clean 
break in the material between 
shots and to prevent nozzle drool. 

Over the years, many special 
nozzle designs have been evolved, 
some of which have been widely 
applied. Several of these are de- 
scribed below. 


Nylon nozzies 


A typical nylon nozzle design 
is shown in Fig. 12, below. This 
type of nozzle usually has a 
simple internal reverse taper and 
a heated extension section. Some- 
times breaker plates or plugs with 
drilled holes are placed in the 
recessed inlet of the nozzle to 
keep unmelted particles from 
leaving the heating cylinder. 
However, although the plugs are 
used to control drooling of the 
fluid nylon, they are generally 
not too effective and better con- 


trol of drooling is accomplished 
by care in the control of the 
melt’s viscosity through proper 
coordination of the heating cylin- 
der temperature setting with the 
shot size. 


Color mixing nozzles 


As mentioned before, it is 
sometimes necessary to use some 
sort of dispersion device to get 
satisfactory coloring results when 
using dry colors in conventional 
injection machines. These disper- 
sion devices generally take the 
form of an obstruction or orifice 
which is placed in the nozzle of 
the injection machine to create 
turbulence in the plastic material 
as it flows through the nozzle to 
the mold. 

These devices differ widely in 
design, but a great majority con- 
sist of a disk-shaped plug with 
small holes in it to subject the 
material to high rates of shear. 
The size of the holes, their length, 
the number of holes, the approach 
and exit tapers of the holes, and 
their spacing across the face of 
the disk all affect the effective- 
ness of the device. The disks are 
used either singly or in tandem, 
and they always require from 
slightly to considerably higher in- 
jection pressures. In addition, the 
effectiveness of any one design 
will vary from resin to resin. 

Care should be used in select- 
ing the nozzle for use with dis- 
persion disks. The inlet side of 
the nozzle should be recessed by 
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FIG. 13: Ferro double 
disk venturi-type dry 
color dispersion noz- 
zle. Disks are in rear 
of nozzle (Sketch, In- 
jec. Molders Supply) 


FIG. 12: Injection 
nozzle showing loca- 
tion of nozzle heater 
band and thermocou- 
ple well (Sketch, Injec- 
tion Molders Supply) 
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an amount which allows the dis- 
persion disk to seat snugly be- 
tween the cylinder outlet and the 
nozzle inlet, but the disks should 
never be squeezed between the 
two surfaces since excessive pres- 
sure will damage either the noz- 
zle or the cylinder faces. 

A nozzle dispersion device de- 
signed for the molding of high 
density polyethylene and polypro- 
pylene is shown in Fig. 13, p. 
665. This particular dispersion 
disk is called the Ferro double 
disk venturi dry color dispersion 
nozzle and is one of a variety of 
designs which can be used. 

Generally these designs are de- 
veloped by trial-and-error and 
a variety of dispersion nozzle de- 
signs must be evaluated before 
one is found which will give op- 
timum results under a particular 
set of operating conditions. Much 
of this experimentation has al- 
ready been done by the material 
suppliers, colorant suppliers, and 
nozzle suppliers and they should 
be consulted before selecting a 
particular nozzle combination. 


Mold gating nozzies 

In recent years, much work has 
been done toward eliminating the 
sprue and runner systems in con- 
ventional injection molds. When 
this can be done, the molder 
eliminates the problem of re- 
processing the resultant scrap 
material and reduces the amount 
of labor which is required, since 
the operator no longer need sep- 
arate the parts from the sprue 
and runner system. 

To accomplish this, the trend 


FIG. 14: Typical nozzle 
designs for shooting di- 
rectly into mold. In using 
them, mold must be bored 
to seat the nozzle prop- 
erly and designed to pro- 
vide an air gap or other 
heat insulation to prevent 
freezing of material in 
nozzle (Sketch, Injection 
Molders Supply) 





is to shoot directly into the mold 
cavity. This has led to the devel- 
opment of special mold gating 
nozzles whose tips actually be- 
come part of the mold cavity. 
Several of these nozzle designs 
are shown in Fig. 14, above. When 
they are used, the injection mold 
must be bored to seat the noz- 
zles properly and designed to pro- 
vide an air gap or other heat in- 
sulation to prevent freezing of 
the material in the nozzle. Since 
the tip of the nozzle feeds directly 
into the part, the outlet opening 
of the nozzle must be very small 
in diameter; orifices range from 
0.020 to 0.050 of an inch. This 
allows the molded part to easily 
tear free of the material which 
is in the nozzle. Control of the 
nozzle temperature must also be 
precise enough to prevent the 
material in the tip from becoming 
so hard that it will tear or crack 
the gate area of the part as the 
nozzle is retracted. 


Often it is desirable to gate a 
molded part in a central location 
such as the bottom of a cup- 
shaped piece. Originally this was 
done with three-plate molds (see 
section on molds) or with hot 
runner type molds. In many cases 
it still is done this way. However, 
the former process involves the 
rework of sprues and runners and 
the latter is somewhat tricky to 
operate. 

To get away from these prob- 
lems, the nozzle manifold has 
come into use. This device con- 
sists of a manifold which is at- 


tached to the discharge end of the 
heating cylinder and on which are 
mounted 2, 3, or 4 separate injec- 
tion nozzles, usually of the mold 
gating type. Each nozzle is so po- 
sitioned as to feed a single cavity 
in the mold. Such molds must be 
built especially to accommodate 
the nozzle manifold design being 
used and the manifold system 
must be designed to suit the ma- 
chine on which it is to be used. 
For these reasons, nozzle mani- 
folds are generally used only on 
very long run molding jobs. 

Since the manifold is essenti- 
ally a branched extension of the 
injection heating cylinder, just as 
careful consideration should be 
given to heating it as to heating 
the main cylinder. Temperature 
control is especially important 
and the manifold should be well 
instrumented to insure uniformity 
of temperature in all its branches 
to prevent unbalanced flow. 

Because of the special design 
considerations involved in the 
equipment to adapt a machine for 
nozzle manifold operation, mani- 
folds are not generally installed 
on machines already in use. Most 
presses must be built originally 
for such operation. 


Pre-compression nozzles 


Special nozzles have been de- 
veloped for a type of molding 
called pre-compression or impact 
molding. Here a valve-type noz- 
zle holds the material from flow- 
ing into the mold while the injec- 
tion piston builds up hydrostatic 
pressure within the plastic melt, 
i.e., pre-compresses it. After the 
pressure has reached the desired 
point, the nozzle valve is quickly 
opened and the pressure built up 
within the melt shoots or impacts 
the material into the mold at high 
velocity. The mold is completely 
filled in a fraction of a second. 

Major advantage of this very 
fast mold fill is that it gets the 
material into the mold without 
any appreciable change in melt 
temperature and at the lowest 
possible viscosity. This in turn 
minimizes the amount of orienta- 
tion which takes place; parts s: 
produced have less anisotropic 
properties and are generally 
stronger and tougher. Anothe: 
advantage is reduced cycle time 

A variation of pre-compressior 
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molding is sequential impact 
molding, in which multiple valved 
nozzles open in sequence to feed 
several cavities. 

Most pre-compression devices 
are complex in design, generally 
cost more than the conventional 
nozzle system, and require a good 
deal of know-how and super- 
vision in use. However, the re- 
sults obtained are generally ex- 
cellent when the systems are 
properly maintained and cared 
for. Thus far, most such systems 
have been used for the production 
of parts whose weight has been 
a small fraction of the total cy- 
linder inventory. Little informa- 
tion is available on the use of the 
process for molding massive parts. 


Other special nozzles 


There is a wide variety of other 
single purpose or special purpose 
nozzles available. One of these is 
the ball-check nozzle which func- 
tions in the same way as does a 
check valve, allowing flow in only 
one direction. These are used to 
prevent suck-back of material 
from the mold which can cause 
sink marks on heavy sectioned 
direct gated parts. 

Another is the spring loaded 
ball check nozzle which acts in 
the reverse direction to keep ma- 
terial from leaving the heating 
cylinder between shots. These are 
generally used for low viscosity 
melts (eg., nylon) to prevent 
drooling. 

Some nozzles are now available 
with integral heaters. There are 
also nozzles with removable tips, 
generally used when pin-point 
gating is used and removed when 
the machine is to be purged. 


Nozzle adapters 


Since there is little standard- 
ization of the fitments on the dis- 
charge ends of heating cylinders, 
nozzles must either be made to fit 
1 particular cylinder or an 
idapter may be used which will 
allow standard nozzles to be fitted 
interchangeably on several ma- 
chines. The latter allows the 

older to use less expensive 
tandard nozzles on several dif- 
erent presses. In addition to cost 

lvantages, this allows faster 
zzle changes and a reduction in 
ie inventory of nozzles required. 

Because of the great variety of 
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nozzles and the problems associ- 
ated with their use, a complete 
discussion of nozzle technology is 
beyond the scope of this section. 
However, the molder will find 
that the material supplier, nozzle 
supplier, and injection machine 
manufacturer stand ready to 
render expert advice based on 
years of experience. Complete in- 
formation on nozzles can be 
gained by consulting with the in- 
jection machine nozzle suppliers 
and the injection machine makers 
listed in the Directory. See the 
Index, p. 1060. 


MOLDS 


It is probably not too inaccurate 
to say that there are as many de- 
signs for injection molds as there 
are different plastic products. 
Each product to be molded has 
its own peculiar problems which 
must be considered when design- 
ing the mold. 

One of the simplest conceivable 
injection mold designs is shown 
in Fig. 15, below, which schemati- 
cally illustrates a section of a 
mold for a simple cup-shaped 
piece. The walls of the cup are 
assumed to have sufficient draft 
angle so that the molded part will 
be ejected from the mold without 
any assistance; i.e., it falls out 
when the mold opens. 

The component parts of this 
simple mold are: the sprue bush- 
ing, the cavity retainer plate, the 
cavity mold set, the press mount- 
ing plate (cavity), the force mold 
set (which forms the inside of 





Back-up and 
mold mounting 
plate ————> 
FIG. 15: Cross-section 
of simple center-gated 
injection mold, show- 
ing principal parts. 
Piece being molded Force block— 
is a cup-shaped ob- 
ject. Description of 
mold components can 
be found above Force 
retainer 
plate —— 





the molded part), the force re- 
tainer plate, and the force mount- 
ing plate. For simplicity, it will 
be assumed that the taper in the 
sprue bushing is continued to the 
inside of the nozzle so that there 
will be no cold slug (material 
which cools at the end of the 
nozzle) from the previous shet to 
contend with. 

The face of the cavity set and 
its retainer plate will usually 
have shallow slots (1 or 2 mils 
deep) milled into them to provide 
for venting air from the cavity as 
the plastic melt enters. The func- 
tions of the cavity and force are 
self-evident. The mold sets are 
usually hardened steel with a 
Rockwell hardness of about 60 on 
the C scale. However, they may 
not be hardened for short runs or 
they may be made of softer met- 
als, such as aluminum, beryllium 
copper, or Kirksite, which can be 
cast rather than machined into 
shape. 

Since the surface of the mold 
will be faithfully reproduced in 
the molded plastic, the cavity and 
force of the mold are generally 
polished to a mirror finish if a 
glossy surface is desired on the 
finished piece. Often the mold 
surfaces are hard-chrome plated 
to preserve the polished surface 
of the mold and to increase the 
abrasion resistance of the mold 
surface. In the case of the mold 
under discussion, a highly pol- 
ished surface would not be ad- 
visable in the absence of a posi- 
tive knockout system, since a 
polished surface would tend to 
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create a vacuum between the 
mold surface and the plastic part 
which will make it very difficult 
to separate the part from the 
mold, A matte finish on the mold 
is more advisable in this case. As 
is obvious, any other form of 
decorative surface can be used in 
finishing the mold face provided 
the surface detail does not pro- 
duce undercuts which will inter- 
fere with the removal of the part 
from the mold. 

The sprue bushing is used to 
conduct the plastic from the noz- 
zle through the mold to the mold 
cavity proper or, in more complex 
molds, to a runner system, as will 
be seen later. The bushing is gen- 
erally tapered so that the removal 
of the part will pull the sprue out 
of it easily and cause the material 
to break off at, or within, the hot 
nozzle tip. 

As shown in the diagram, re- 
tainer plates are used to back up 
the cavity walls against the tre- 
mendous 


injection pressures 


which are used in molding (rang- 
ing from 10,000 up to 30,000 p.s.i.). 
Because of these high pressures 
and the difficulty of getting per- 
fect contact between the mating 
surfaces of the cavity sets and the 
retainer plate, it is usually ad- 
visable when doing precision 
work to make the combined 
strength of cavity set walls and 
retainer plate high enough to 
withstand the distorting forces 
due to the molding pressures used. 
Good design practice calls for 
steel cavity walls of the thickness 
shown below for cavities with the 
approximate dimensions shown: 


Inside cavity Min. cavity 
dimension wall 
in. in. 
1 ‘16 
3 
6 
1-1/2 1 
The cavity retainer plate also 
serves as an anchor for mold 
guide pins or has guide pin bush- 


FIG. 16: Cross-section of a 2-cavity injection mold with runner system 
and provision for automatic ejection of the parts as mold opens 
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ings in it if the pins are anchored 
in the force retainer plate. Guide 
pins are used to key one half of 
the mold to the other to assure 
that the force and the cavity will 
line up properly when the injec- 
tion mold is closed. 


Mold temperature control 


The cavity retainer plate is also 
usually cored to provide for the 
circulation of water or other heat 
transfer media to control the tem- 
perature of the mold. The circu- 
lating coolant carries away the 
heat delivered to the mold by the 
incoming plastic melt. The coolant 
lines are so placed as to provide 
as uniform and rapid cooling as 
possible consistent with the re- 
quired placement of other mold 
components in the cavity retainer 
plate. Cooling channel patterns 
vary widely in design, depending 
on the configuration of the mold 
cavity and the type of cooling re- 
quired. They generally consist of 
drilled intersecting channels 
which are located in the cavity 
retainer plate or the cavity set 
itself. Baffles in the cooling chan- 
nels direct the coolant around the 
network of intersecting channels 
in the desired pattern. 

The importance of proper mold 
cooling cannot be overemphasized 
since it can play a major part in 
determining the maximum speed 
at which the mold can be run and 
also, in some cases, determines 
the physical properties of the fin- 
ished molding. 


Mounting the mold 


Finally, the mounting plates on 
the mold serve to keep the cavity 
and force sets within their re- 
tainer plates and provide a means 
of mounting the mold on the ma- 
chine platens. This plate is usual- 
ly bolted to “T” blocks on the 
platens or is attached using a 
system of clamps and bolts. 

Figure 15, p. 667, shows the 
mold in a position in which most 
molds are mounted in injection 
machines. Most machines are de- 
signed with a horizontal clamp; 
i.e., the movable platen is vertical 
and moves in a horizontal direc- 
tion to close the mold and clamp 
it shut. Some machines have ver- 
tical clamps and horizontal plat- 
ens but are generally special pur- 
pose machines used for insert 
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work. A horizontal machine 
platen allows inserts to be loaded 
without special provision for 
holding them in the mold as | ‘ 
would be required with vertical g Y : —Y 4 
mold faces. , Z LG VLA. é J 
Although the injection cylinder 
and the clamp mechanism are 
usually on a common centerline, 
there are machines where the in- 
jection cylinder nozzle and the 
direction of mold clamping are at 
right angles to each other. In 
these cases, the injection nozzle 
is usually seated on the parting 
line of the mold. This arrange- 
ment is difficult to operate in 
practice because of the possibility 
of nozzle drool and the closing of 
the mold on such drooled mate- 
rial. This method of sprueing into 
the mold also requires a more ac- 
curate match of the mold halves 
to assure proper seating of the 
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nozzle on the parting line. 


Production molds 


The mold design discussion 
above has covered only the very 
basic components of an injection 
meld; very few are built in such 
simple fashion. The most common 
production mold design provides 
for the addition of both positive 
ejection of the plastic parts and 
a sprue and runner system de- 
signed to make more efficient use 
of the molds by allowing multiple 
cavity operation. This involves a 
redesign of the force section of 
the mold described in Fig. 15, p. 
667, to include an ejector bar and 
ejection pin system and the use of 
multiple mold sets in the retainer 
plate. The modifications required 
are shown in Fig. 16, p. 668. 

As the shows, the 
sprue feeds two 
runners (more in the case of ad- 
ditional cavities) which in turn 
feed two cavities through gates 
Runner and gate design wi'l be 
discussed later. A cold slug well 
provided in the mold at the 
e of the sprue; the bottom of 

well is usually an undercut 
operated by the knock-out 
The undercut causes the 

ie to stick in the moving half 
the mold opens, pulling the 
le out of the sprue bushing. 

\s shown in the drawing, the 

ck-out pins are seated in the 
ck-out bar and pass through 
cavity set to the inner sur- 
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bushing now 
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FIG. 17: Cross-section of a 2-cavity, three-plate injection mold de- 
signed to allow for center gating of the mold cavities 


face of the mold. When the mold 
is closed, the pins are in a re- 
tracted position so that their ends 
are flush with the inner surface 
of the mold cavity. Their retrac- 
tion is assured by knock-out 
push-back pins on the knock-out 
bar which project above the 
clamping faces of the mold when 
the knock-outs are in eject posi- 
tion. As the mold closes, the mold 
faces push these pins and hence 
the knock-out bar into the re- 
tracted position. 

After the material has been in- 
jected and cooled, the moving 
platen moves away from the sta- 
tionary platen, opening the mold. 
As it does so, nothing happens 
until the part has cleared the 
stationary mold half. After this 
point, the knock-out bar’s travel 
is stopped by a mechanical stop of 
some sort on the press frame (a 
bar or chain arrangement) while 
the moving half of the mold con- 
tinues to move until the knock- 
out pins and the cold slug well 
pin project a short distance (less 
than an inch in most cases) above 
all surfaces of the mold. As these 
pins emerge, they push the part 
off the mold force, allowing it 
to drop out of the mold or easily 
be lifted out. 

Design of such molds must con- 


sider the relative locations of the 
cavities, knock-out pins, and the 
coring for the cooling of the 
mold to determine the optimum 
coordination of the above ele- 
ments to achieve the best com- 
bination for satisfactory operation 
of the mold. Gating of the cavity 
in this type of mold, which con- 
tains more than one cavity, is 
often restricted to the edge gating 
of the part. 

Since it is more advantageous 
in some cases to center-gate the 
part as was done in the simple 
mold shown in Fig. 15, p. 667, a 
third variation in mold design 
was developed, namely, the three 
plate mo'd. Such a mold design is 
shown schematically in Fig. 17, 
above. In this mold, the output 
of the nozzle is fed through a 
single primary sprue bushing to 
a runner system which is con- 
tained between the stationary 
mold block in which the primary 
sprue bushing is located and a 
third or middle mold plate which 
contains several secondary sprue 
bushings (one for each cavity) 
which feed the mold cavities 
formed by the middle mold plate 
(cavity plate) and the moving 
force plate. As the mold opens, 
the middle plate stays with the 
moving force plate, pulling the 
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primary sprue. About halfway in 
the travel of the moving mold 
plate, the middle plate is stopped 
while the force plate, containing 
the parts (which may be held on 
the force by means of a small 
undercut), continues to move, 
breaking the small pin-point gate 
(about 0.020 in. in diameter), thus 
separating the molded parts from 
the secondary. sprues. As the plate 
moves further back, the knock- 
out pins eject the parts (usually 
shearing or popping the part over 
the small undercut). 


Hot-runner molds 


Although the three plate mold 
allows the use of center gating, 
it still produces sprues and run- 
ners which must be reprocessed. 
To get away from this, the hot- 
runner mold was developed. This 
mold is similar in construction 
to the three plate mold but in- 
stead of having the stationary 
sprue plate and the middle plate 
separate, these are joined together 
to create an internal fixed run- 
ner system. This system is heated 
by heater rods under the run- 
ners. The hot mold plate is in- 
sulated from the cavity mold plate 
by an air gap or some other form 
of insulating barrier. 

In the hot-runner mold design, 
the runners and secondary sprues 
form what is essentially a mani- 
fold nozzle system, the material 
in the runners being kept hot and 
fluid during the entire cycle. This 
allows the use of multiple-cavity 
molds without the bother of han- 
dling scrap from sprues and run- 
ners. There are some difficulties 
in properly sealing off the runner 
system against leakage and con- 
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trolling the heat to the runner 
system to prevent freeze-up, so 
considerable know-how and in- 
genuity is required to build and 
satisfactorily operate such molds. 
When properly designed, hot- 
runner molds adapt themselves 
admirably to completely auto- 
matic operation since parts com- 
pletely free of sprues and run- 
ners are obtained direct from the 
mold. 

Reeent work with hot-runner 
systems has demonstrated that it 
is possible to do away with the 
heaters in such molds when the 
mold is in continuous use. By 
making the runners sufficiently 
large in cross section, a skin of 
plastic forms on the inside sur- 
face of the runner which acts as 
an insulator. Provided the time 
between shots does not become 
excessive, successive shots of hot 
material maintain an equilibriurn 
condition by bringing enough 
heat to the runners to keep the 
frozen insulating skin from filling 
the entire runner and sealing off 
the flow. 

The danger of freeze-up in hot- 
runner systems is always present, 
however, and because the mold 
must usually be taken apart to 
clear up plugged runner systems, 
the next step in the construction 
of runnerless molds was the de- 
velopment of the multiple nozzle 
manifolds which were discussed 
in the section on nozzles. In this 
case, the multiple nozzles of the 
manifold pass directly into the 
mold sets and shoot directly into 
the cavity, through the special 
bottom gating nozzles shown in 
Fig. 14, p. 666. This type of mold 
is shown in Fig. 18, above. With 


the exception of the placement o/ 
the nozzles, the design of the mold 
follows the basic patterns out- 
lined above. 


Undercuts 


Often in the design of plastics 
products it is just impossible to 
avoid undercuts. These can be 
handiled in four principal ways: 
1) loose wedges, 2) cam action 
side pulls built as part of the 
mold, 3) motorized devices to pull 
side cores, 4) special knock-out 
arrangements which allow the 
part to be lifted out in a direc- 
tion at right angles to the draw 
of the mold. 

Loose wedges are simply loose 
segments of the mold which are 
placed into keyed recesses within 
the mold and which form an 
undercut area of the molding. 
Generally they are ejected from 
the mold with the part, removed 
from the part in an operation out- 
side the press, and replaced in 
the mold for the next cycle. Two 
sets of loose wedges are often 
made so that one set can be 
placed in the mold while the 
others are being disassembled 
from the part. Because of the 
handling required, it is advisable 
to avoid the use of loose wedges 
if at all possible. However, in 
short runs they may serve to re- 
duce the cost of the mold by 
avoiding more costly and complex 
mold designs. 

In a mold with cam action, 
there is usually a set of pins or 
bars anchored in one side of the 
mold. Their geometry is such that 
they can cause movable sections 
of the mold, riding in keyways or 
slots, to disengage those parts of 
the mold which form the under- 
cuts. A schematic of such a mold 
is shown in Fig. 19, which appears 
on the facing page. 

In a powered mold, an ai! 
cylinder or a geared motor does 
the same job as the cams in tle 
mold design which is described in 
the preceding paragraph. 

A knock-out system for han- 
dling undercuts is shown sche- 
matically in Fig. 20, which also 
appears on the facing page. A 
the mold opens and the knock- 
outs come forward, so does th: 
special section of the mold form 
ing the undercut. After the mol 
is completely open, this section i 
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free of the mold and the part may 
be lifted off at right angles to the 
direction of the draw. 


Cavity layout 

Several factors in the design of 
the mold must be considered and 
integrated simultaneously when 
deciding upon the arrangement of 
the several cavities and their lo- 
cations in the mold face. First is 
the method in which each of the 
cavities will be fed (runner lay- 
out) and how the flow to each 
cavity will be balanced. Next is 
the design of the cooling channels 
which will be used to circulate 
water or some other coolant 
within the mold so that each cav- 
ity will be cooled uniformly and 
rapidly. Equally as important is 
the design and location of the 
ejection system. This system must 
be laid out so that it does not in- 
terfere with other functions of 
the mold. Similarly, support pil- 
lars, guide pins, core pulling de- 
vices, assembly fasteners, screws, 
etc., must be located so that they 
will not interfere with other mold 
functions and components. Most 
important are the first three. 

In runner lay-out, it is most 
desirable that the design be such 
that all the cavities fill at the 
same time or, precisely, to have 
the injection pressure distributed 
to each of the cavities in such a 
way that each cavity receives its 


FIG. 19: Schematic section illustrating the use 


of cam action pins to move sidepulls 
duce undercut holes in the part 


full and equal share of the total 
pressure available. If this is not 
done, the pressure losses caused 
by the filling of some cavities near 
the sprue before the filling of 
others more distant from the 
sprue, will result in some of the 
outer cavities not receiving 
enough pressure to fill the cavity 
before the material freezes in the 
mold. This results in what are 
commonly referred to as “short 
shots.” Equally important in 
avoiding short shots is keeping 
the runners or material flow 
channels as short as consistent 
with pressure balances. 

Balancing the runner system 
requires that each path leading to 
each cavity in the multiple cavity 
layout must offer exactly the same 
resistance to flow of plastic melt 
as any other. Since the resistance 
to flow in each path will vary 
with length, cross-section, and 
terminal gate resistance, runner 
lengths, cross sections, and gate 
designs must be such as to equal- 
ize the resistance in all runners. 
It should also be remembered 
that the flow resistance will be 
additionally affected by the mold 
temperature and the viscosity of 
the material (which changes as 
the material cools in its travel to 
the extremities of the mold). 

In practice, it is very difficult 
to predict exactly the dimensions 
and layout of the runner system 


which pro- 


which will produce perfect bal- 
ance and operation of the mold. 
Thus it is always wise to provide 
some leeway in the mold design 
which will allow for minor alter- 
ations to balance the mold after 
it has been performance-tested. 

When laying out the cavities, 
adequate provision should be 
made for the water cooling chan- 
nels. Interferences between cool- 
ing lines and cavities must be 
avoided in such a manner that a 
minimum number of location 
compromises be made _ which 
might affect the cooling efficiency 
of the mold. Imbalances in the 
cooling of the several cavities of a 
multiple cavity mold can also in- 
troduce unbalanced filling condi- 
tions by affecting the viscosity of 
the resin. 


Runner design 


In addition to considering the 
length and cross-section of the 
runner from the standpoint of 
balancing the mold, .its absolute 
cross-section—that is, its size and 
shape—should also receive care- 
ful attention. The runner cross- 
section will influence the flow of 
the material, the speed at which 
the runner cools (which in turn 
affects the molding cycle), the 
ease of runner and part ejection, 
and the ease with which the run- 
ner is machined into the mold. 

Resistance to material flow will 


FIG. 20: Cross-section of mold cavity showing 
how special knockout bar, which is part of cav- 


ity, facilitates removal of undercut parts 
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also be determined to some extent 
by the ratio of the internal sur- 
face of the runner to its cross- 
section, The smaller this ratio, the 
smaller the resistance to flow. 
Since this ratio varies with geo- 
metrical shape, the shape of the 
runner merits careful considera- 
tion, The 
ratio is 


surface/cross-section 
minimum in a runner 
which is circular or full-round. 

However, although the full- 
round runner has the advantage 
of lowest flow resistance, it has 
the disadvantages of 1) taking 
longer to cool because of the high 
volume/surface ratio, 2) being 
difficult to machine because of the 
requirement of matching the run- 
ner systems in both halves of the 
mold, and 3) being more expen- 
sive because it must be cut in 
both halves of the mold. 

For the second and third rea- 
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sons given above, most runners 
are cut only in one face of the 
mold and are either roughly semi- 
circular or trapezoidal in cross- 
section. The trapezoidal section is 
often used because a semicircular 
section of the same depth is not 
considered large enough for easy 
flow of material. However, the 
trapezoidal runner requires a 
tapered cutting tool and a modi- 
fied type of half round runner 
has come into use in which the 
round runner is cut deeper to 
provide a greater cross-section 
area. Runner cross-sections with 
recommended relative dimensions 
are shown in Fig. 21, above. 

In general, runners should be 
as small in cross-section as pos- 
sible consistent with the free flow 
of material to the mold cavities. 
A runner that is larger than 
necessary will require a longer 
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cooling time and hence lengthen 
the molding cycle and reduce the 
production rate. In fact, when 
molding small parts with wall 
sections less in size than the run- 
ner dimension, the cycle will be 
determined primarily by the time 
required for cooling the runner 
to a point where it can be satis- 
factorily ejected. 


Gating 


A gate is the opening or orifice 
between the runner or the sprue 
and the mold cavity proper. In 
simple one-cavity center gated 
parts, it may be simply the open 
end of the sprue bushing which 
feeds directly to the part, as in 
Fig. 15, p. 667. Gates are generally 
characterized by their geometric 
shape, the way they enter the 
part, their cross-section dimen- 
sion, and their land area. 

Very popular, when it can be 
used, is the pin-point gate. Such 
a gate has an orifice dimension in 
the vicinity of 0.020 in. across. 
Its chief advantages are that it 
leaves only a small mark on the 
part and that parts can be re- 
moved easily from the runners. 
It can be used in either center, 
edge, or submarine gating. 

The submarine gate is a form 
of edge gating in which the gate 
tunnels the material below the 
parting line of the cavity and into 


FIG, 22 (LEFT): Three ways of using 


pin-point gates in injection molds 


FIG. 23 (BELOW): Four different 
types of gates used in the design of a 
wide range of injection molded parts 
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the part at a point just below its 
sdge. As the mold opens and the 
ners und parts are ejected, the 
bmarine gate acts to sever the 
ts from the runners, in effect 
ving automatic degating to the 

id. 

Chief disadvantages of the pin- 
point gate are that it is not too 
well suited for use with stiff- 
flowing or fast-freezing materials. 
It is also usually restricted to the 
molding of small parts. Because 
the amount of material in the gate 
is so small, it tends to freeze 
rapidly and in the case of large 
parts may result in short shots. 
It may also cut off the flow of 
material into the mold prema- 
turely and not allow sufficient 


INJECTION MACHINE OPERATION 


For a given mold, material, and 
injection machine, there are five 
principal variables, over which the 
operator has control, and which 
will affect the performance of the 
machine and the final product. 
These are 1) stock temperature 
(actual temperature of the molten 
material), 2) injection pressure, 
3) rate of mold filling, 4) tem- 
perature of the mold, and 5) over- 
all cycle. All of these variables 
are interrelated and dependent on 
each other. 


Temperature and viscosity 
The stock temperature deter- 


mines the viscosity of the melt, so 
control of the material tempera- 


ture in the machine is really an 
effort to closely control the vis- 
cosity of the plastic melt. As tem- 
perature of the melt increases, its 
viscosity decreases, although not 
necessarily in a linear fashion, the 
rate and degree depending on the 


material 
toy 


being processed. Dif- 
ent materials will have differ- 
ent temperature-viscosity curves. 
Since significant changes in the 
viscosity of the melt, with all 
other machine settings or condi- 
tions constant, will cause highly 
significant changes in the molded 
ult, it is necessary to control 
the material stock temperature as 
losely as possible. The rate of 
ar will also affect the viscosity 
plastic melts (which are non- 
vtonian fluids). However, shear 
ditions will generally be about 
same from cycle to cycle and 
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packing of the mold to avoid ex- 
cessive sink marks in the molded 
part as it cools. Various types of 
pin-point gate arrangements are 
shown in Figs. 22a, b, c, p. 672. 

Where a larger gate is required, 
other types of gates such as those 
shown in Figs. 23a, b, c, d, p. 672, 
can be used. 

The fan gate, as its name im- 
plies, is shaped like a fan and is 
generally used in edge gating ap- 
plications. The tab gate simply 
extends the runner system into 
the part; this results in a tab on 
the part being molded, after 
which the gate is named. In some 
center gating applications it may 
be advantageous to gate from an 
open space within the part to the 


part itself through the use of a 
disk gate. In other cases it may 
be desirable to gate from all sides 
of a part simultaneously. In this 
case, a ring-shaped runner 
around the part may feed through 
a circumferential slit between the 
ring runner or through a series 
of pin-point gates fed by the ring 
runner. 

These examples illustrate a few 
of the wide variety of gating de- 
signs which can be employed to 
meet various mold design re- 
quirements. Material suppliers 
and mold designers will be able to 
offer specific recommendations as 
to what gate should be used with 
a given material for a particular 
application. 





temperature is usually the pri- 
mary variable controlling the 
melt viscosity. 


Stock vs. cylinder 
temperature 

It is importart to differentiate 
between stock temperature and 
the cylinder temperature of the 
injection machine. Whereas stock 
temperature refers to the actual 
temperature of the melt, the cyl- 
inder temperature is simply the 
temperature of the metal injection 
cylinder of the machine. The lat- 
ter temperature is controlled by 
placing thermocouples in the cyl- 
inder wall, as close to the internal 
bore as is practical, and using 
proportioning controllers to regu- 
late the heat supplied by the 
heater bands. 

Although the two temperatures 
are proportional to each other, 
they are not necessarily the same. 
As in any heat exchanger, the 
temperature of the fluid being 
heated by a constant heat source 
will depend on the time the fluid 
is in contact with the heat source. 
Thus, on very long cycles or 
where the shot is small in relation 
to the cylinder inventory, suffi- 
cient retention time is provided in 
the cylinder to allow the cylinder 
and material to come to equilib- 
rium, and the stock and cylinder 
temperatures may become almost 
exactly the same. However, when 
the retention time of the material 
in the cylinder is short, such as 
on fast cycles or running close to 


the machine’s injection capacity, 
the stock temperature will run 
somewhat below that of the cylin- 
der wall. 

Thus, any change in the over- 
all cycle will cause a change in 
the retention time of the material 
in the cylinder and a subsequent 
change in the stock temperature 
of the material. Accordingly, after 
any change in cycle the machine 
operator should check to see that 
the stock temperature has not 
changed significantly because of 
the cycle change. If it has, the 
cylinder temperature should be 
adjusted to bring the stock tem- 
perature back to the desired 
value. If the operator wants both 
a lower stock temperature and a 
faster cycle, he may choose to 
change the injection pressure to 
account for the higher viscosity of 
the material. 

As important as the stock tem- 
perature, or even more so, is uni- 
formity of temperature and vis- 
cosity, and homogeneity of the 
melt. Sufficiently high cylinder 
temperatures should be used to 
insure the complete and uniform 
plastication of the melt within the 
limitations of the basic cylinder 
design. 


Effects of pressure 

Injection pressure can be posi- 
tively and directly controlled by 
the operator. Its obvious function 
is to force the material into the 
mold and it should be set to just 
fill the mold and produce the de- 
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sired amount of mold packing. 
Using too little injection pressure 
will result in incomplete fill of the 
mold (short shots) and too much 
injection pressure will result in 
overpacking or flashing of the 
mold. Overpacking the mold will 
make it difficult to eject the piece, 
which will stick in the mold as the 
compressive pressure is removed 
and it expands slightly. Flashing 
will occur when the viscosity of 
the material is too low for the 
pressure being used or when the 
injection pressure acting over the 
projected area of the mold cavi- 
ties produces a force which is in 
excess of the clamping force of 
the machine. 

As with injection temperature, 
changes in other variables of the 
machine will probably require an 
adjustment of the injection pres- 
sure. If the stock temperature is 
increased, the material viscosity 
will drop and it may be necessary 
to reduce the injection pressure to 
prevent flashing of the mold. Con- 
versely, if the stock temperature 
is decreased, an increase in injec- 
tion pressure will be required. 
Similarly, changes in mold tem- 
perature will require correspond- 
ing changes in pressure. 


Mold filling 


Rate of mold filling is somewhat 
allied to the pressure variable. 
If a slow mold fill is used, more 
time is available during the injec- 
tion stroke for the material enter- 
ing the mold to cool and increase 
in viscosity. This condition will 
generally require a higher pres- 
sure to fill the mold because of 
the increased resistance to flow 
due to the stiffening melt. When 
a fast fill is used, the material fills 
the mold so quickly that little 
temperature change in the melt 
takes place before the mold is 
completely filled, and mold fill 
takes place at a lower average 
viscosity in the mold; hence less 
pressure is required. 

A slow fill with high pressure 
will also cause a high amount of 
shear to be developed in the ma- 
terial as it flows into the mold, 
which will give rise to severe 
orientation in the molded part in 
the direction of material flow 
within the part. This will produce 
parts with anisotropic properties 

properties which differ when 
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measured parallel to and trans- 
verse to the direction of flow. 
Generally this condition is highly 
undesirable since the strength 
properties of the molded part 
transverse to the flow are largely 
degraded, producing an over-all 
weaker part. 

The effect of injection speed is 
clearly demonstrated when one 
compares thin-wall cups molded 
on relatively slow-filling conven- 
tional injection systems with cups 
molded by impact molding which 
fills a mold in a fraction of a sec- 
ond. The cups molded with the 
fast fill are clearly stronger and 
tougher, less likely to crack in the 
direction of material flow. 

An approach to the ideal injec- 
tion process would be the possibil- 
ity of filling the mold instantane- 
ously without any temperature 
change in the melt and allowing 
all of the cooling of the part to 
take place after the mold is com- 
pletely filled and being packed. 
Even more ideal would be to 
eliminate the need for packing by 
designing the mold to account for 
the shrinkage which takes place 
in the absence of packing. How- 
ever, there is still no method of 
exactly predicting shrinkage in 
every mold, so mold packing is 
used in an attempt to control 
shrinkage somewhat. Even the in- 
stantaneous fill in the ideal proc- 
ess would not completely elimi- 
nate anisotropic properties in the 
part but it would certainly de- 
crease the amount of shear in- 
duced during filling and would 
allow more time for the material 
in the mold to relax the internal 
mold strains produced by shear. 


Mold temperature 


The mold temperature will also 
influence the pressure required to 
fill a mold, or at a given injection 
pressure and stock temperature 
will affect the ability of the ma- 
terial to fill the mold. If the mold 
temperature is too low, the mate- 
rial may freeze and stop the flow 
of material into the mold before it 
is completely filled. Running the 
mold too hot will require an ex- 
cessively long time to cool the 
part to the point where it is suf- 
ficiently rigid to eject from the 
mold or may cause flashing to 
occur. This will increase the mold- 
ing cycle and reduce the produc- 


tion rate of the machine. The in- 
crease in cycle will also affect the 
other variables. 

There is generally a lower limit 
to the temperature at which a 
mold with a built-in or fixed cool- 
ing channel system can be oper- 
ated. If the machine will deliver 
heat to the mold (in the form of 
the material) at a rate faster than 
the heat can be conducted away 
by the mold and its coolant sys- 
tem, the mold will warm up to 
an equilibrium temperature de- 
pendent on the heat input and 
output. Thus, although the opera- 
tor may wish to operate on a 
faster cycle he may be limited by 
the cooling available in the mold. 
Sometimes this problem is solved 
by using refrigerated coolants in 
the mold to lower the equilibrium 
temperature. However, if the 
mold is run below the dewpoint 
temperature of the ambient air, 
water may condense on the sur- 
faces of the cavities and cause de- 
fects in the molded pieces. 

Generally it is desirable to run 
the mold as cool as possible to 
maximize the production rate of 
the machine consistent with other 
desired operational conditions and 
product quality. Equally as im- 
portant as the absolute tempera- 
ture at which the mold is run is 
the distribution of temperature 
across the surface of the mold. It 
is normally desirable to run all 
surfaces at a uniform tempera- 
ture, but there are cases, such as 
in parts with widely varying 
cross-sections, where lower tem- 
peratures are required in some 
areas of the mold than in others. 
Provision for this type of opera- 
tion must usually be made in the 
design of the cooling channels of 
the mold itself and is not under 
the control of the operator. 


Over-all cycle 


Finally, the over-all cycle will 
affect the other major variables in 
the injection process. The over- 
all cycle usually can be broken 
down into the following segments: 
1) time to close the mold and 
clamp; 2) filling time or the in- 
jection stroke; 3) dwell time (time 
ram remains forward exerting 
pressure); 4) cooling time (mold 
remains closed with injection ran 
retracted); 5) press opening time; 
and 6) time between cycles dur- 
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ing which parts are manually or 
automatically removed from the 
mold. 

The first segment is usually 
minimized within the mechanical 
limitations of the machine. Filling 
or injection time is usually run at 
a minimum within the limitations 
of the machine for the reasons 
discussed previously. Dwell time 
is varied depending on the mold 
to be filled to insure that enough 
material flows into the mold to 
completely fill it. Cooling time is 
set at a minimum consistent with 
the amount of time required to 
harden the part sufficiently to 
eject it from the mold. Press 
opening time, like press closing 
time, is set at a minimum con- 
sistent with machine limitations. 

Ail of these first five cycle seg- 
ments are machine settings which 
can be adjusted with precision. 
Assuming that the machinery is 
in proper operating condition, all 
are exactly reproducible from 
cycle to cycle, once set. The sixth 
segment (except in the case of 
machines equipped with automatic 
ejection systems), the time to re- 
move the parts from the mold, can 
vary depending on difficulties of 
removal from cycle to cycle and 
the speed with which the operator 
works while running the machine 
on a semi-automatic basis. De- 
pending on the speed with which 
the operator starts new cycles, the 
over-all cycle may vary consid- 
erably. This of course will result 
in over-all variations in the other 
conditions set on the machine. 


Index to injection molding characteristics tables and injection molding causes and defects charts 


Mest of the time the variations 
will be small on smooth-running 
jobs, but where the ease with 
which the part can be removed 
from the mold varies considerably, 
the varying conditions may lead 
to a non-uniformity of part qual- 
ity and physical properties. On 
longer cycles, where a few sec- 
onds’ variation in operator time is 
only a small percentage of the 
cycle, this variability will prob- 
ably have no significant effect. 
However, on fast cycles, in the 
range of 10 sec., for example, a 2 
sec. variation in over-all cycle is 
a 20% variation. 

Many other factors ordinarily 
beyond the control of the opera- 
tor, such as the ambient plant 
temperature, humidity, cooling 
water supply temperature, dust, 
and other contaminating condi- 
tions must be taken into account 
by the operator to insure uniform 
control of the major controllable 
conditions discussed above. 

Because of the wide variety of 
the parts which are injection 
molded, and because there is no 
one set of operating conditions 
which covers all situations, each 
time a new injection mold and 
production run is started, a period 
of experimentation is necessary to 
determine the best combination of 
the variables which will produce 
the desired quality in the part on 
the cycle at which the job was 
costed. A re-determination of con- 
ditions is sometimes necessary 
even when a mold is simply moved 
from one machine to another ma- 


chine of exactly the same type 
and size to mold exactly the same 
material. There is no obvious log- 
ical reason for this . . . and good 
molding technique still has an 
element of art in it. 

No attempt has been made in 
this section to give quantitative 
data on molding conditions for 
the various plastics materials. In 
the pages immediately following, 
a series of tables are presented for 
the various thermoplastics which 
can be used as a starting point in 
setting machine conditions to 
mold the materials listed. It will 
be noted that only ranges are 
given and the operator will have 
to determine the specific combi- 
nation of conditions required for 
his own application. Following the 
tables of processing is a trouble- 
shooting guide which can be used 
to determine the causes of various 
defects in injection molded parts 
of various materials, so that the 
operator can take appropriate cor- 
rective action. 

Much information on the mold- 
ing of the various thermoplastics 
is available from the suppliers of 
these materials and the reader will 
find it worthwhile to consult with 
them when starting a new job or 
experiencing difficulties. A list of 
suppliers can be found by con- 
sulting the Directory Index on 
p. 1060. Much other valuable in- 
formation is also available from 
mold makers and injection ma- 
chine manufacturers. These com- 
panies can also be located through 
the Directory Index. 





INJECTION MOLDING 
CHARACTERISTICS 


Acrylic 

ABS polymers 
Acrylonitrile-styrene copolymers . 
Cellulosics 
Chlorotrifluoroethylene 
FEP-fluorocarbon resin 


CHECKLIST OF DEFECTS 


AND CAUSES IN 
INJECTION MOLDED PARTS 


Acetal 
Acrylic 


High-impact acrylic 


Med.-density polyethylene 
Nylon 6 

Nylon 6/6 

Polycarbonate 
Polypropylene 
Polystyrene 

TFCE resin 


CTION MOLDING 


ABS polymers 

Acrylonitrile-styrene copolymers . 685 
Cellulosics 

High-impact acrylics ............- 685 


Nylon 6/6 
Polycarbonate 
Polyethylene 
Polypropylene 
TFCE resins 
Styrene 





INJECTION MOLDING CHARACTERISTICS 





Nylon 6/6' 





Thickness of section 


A. Temperatures, °F. 
1) rear cylinder 
2) mid cylinder 
3) forward cylinder 
4) nozzle 
5) mold face or mold coolant 
6) melt leaving nozzle 
. Pressure exerted by ram, p.s.i. 
1) in standard cylinder 
*. Timing 
1) total cycle including mold-open 
time), sec. 
2) ram forward time, sec. 
Recommended gate dimensions’ 
1) if round, diameter, mils 


land length, mils 
2) if rectangular, depth, mils 
width, mils 
land length, mils 
Annealing 





1) medium 
2) temperature, °F. 
3) time, min. 
’. Shrinkage allowance, mils/in. 
1) in direction of flow 


2) perpendicular to flow 


*repared by Du Pont. *Assuming cavity volumes of 1, 4 


less than % in. 


lg to 4 in. 


over ¥% in. 


600-700 
550-650 
525-600 
To suit 

70-200 
525-575 


600-650 
525-600 
510-525 
To suit 
140-200 
510-520 


600-625 
525-550 
500-510 
To suit 
180-200 
500-510 
15,000-30,000 


15,000-30,000 15,000-30,000 


30 
20 


30-60 
20-40 


60 sec./%4 in. section 
40 sec./¥% in. section 


30 to % 
thickness of part 


30 to 120 120 to 180 
Same as above 
Equal to % dia. of gate 
Area equal to round dimensions 
Same as above 


Glyco wax S932 or Teresso 140 oil 
300 | 
15-30 
With annealing 
20-30 
Same as above or use test cavity 


300 
10-15 


15-20 


and 16 cu. in. for the three section-thickness classes 








Vinyl 


Polypropylene’ 





(Flexible) 
less than 


Thickness of section: 


le in. 


A. Temperatures, °F 

290-330 
300-340 
310-350 
320-360 
110-140 
320-360 


1) rear cylinder 
2) 
3) 
4) 
5) 
6) 
B. Ram pressure, p.s.i. 


mid cylinder 
forward cylinder 
nozzle 
mold face or mold coolant 
melt leaving nozzle 
1) in standard cylinder 10,000- 
20,000 
2) in injection cylinder of 
preplasticator 
C. Timing 
1) total cycle (including 
mold-open time), sec. 
2) ram forward time, sec. 
D. Recommended gate dimen- 
sions’ 
1) if round, diameter, mils 
land length, mils 


2) if rectangular, depth, mils 
width, mils 
land length, mils 


E. Shrinkable 
un. 
1) in direction of flow 
2) perpendicular to flow 


allowance, mils 
10-30 
10-30 


'Prepared by Goodrich 


“Assuming cavity volumes of 1, 4, and 16 


Without annealing 


for the three section thicknesses 


(Flexible) 
ly to 4 in. 


(Rigid) 
over % in. 


less than 

ly in. ye to 4 in. | over % in. 
290-330 
300-340 
310-350 
320-360 
110-140 
320-360 


310-330 
320-340 
330-350 
340-360 
140 
350-370 


475-600 
475-600 
425-550 
400-500 

60-180 
450-525 


450-525 
450-525 
400-475 
400-500 

60-220 
450-525 


450-525 
450-525 
400-475 
400-500 
100-220 
450-525 


10,000- 
20,000 


20,000- 
30,000 


10,000-30,000 | 8,000-30,000 | 8,000-30,000 


8,000-30,000 | 6,000-30,000 | 6,000-30,000 


60-120 
10-40 
Max. limited 
by runner 
30-125 size 
60-250 


250-500 
Small as 
possible 
250 
500 
Small as 
possible 


20-250 
40 max. 


40-375 
40 max. 


20 
60 
60 


10 min. 30 min. 


40 max. 40 max. 


Without annealing 
| 


10-30 
10-30 


10-25 10-25 


10-20 10-20 12-25 


1Prepared by Hercules. Maximum gate dimensior 
limited by part dimensions and sprue and runn 
capacity 


12-30 














Acetal Resin’ 


ABS Polymers’ 





jased on ‘Delrin 


ckness of section: Yg in, 
Temperatures, °F. 
1) rear cylinder 
2) mid cylinder 


3) forward cylinder | 


420-440 
420-440 Dependent upon size of 
420-440 machine, shot weight, 
4) nozzle 390 cycle, gating, etc. 

5) mold face or mold coolant} 150-250 150-200 150-200 
6) melt leaving nozzle 420 400 390 


Ram pressure, p.s.i. | 


1) in standard cylinder 15,000-20,000 


*. Timing 


1) total cycle (including 
mold-open time), sec. 30 45 

2) ram forward time, sec. 15 25 

Recom. gate dimensions’ 

1) if round, diameter, mils 35 60 
land length, mils 40 40 

2) if rectangular, depth, mils 32 51 
width, mils 32 51 
land length, mils 40 40 

». Annealing 

1) medium “Primol” D*; “Nujol” 

2) temperature, °F. 320 + 3 320 + 3 

3) time, min. 15 15 

*. Shrinkage allowance, 

mils/in.' Without annealing 

1) in direction of flow 26 27 


)) 


2) perpendicular to flow 23 26 27 


acetal resin, E. I. du Pont de Nemours & Co., Inc. *Assuming 
volumes of 1, 4, and 16 cu. in. for the three section-thickness classes. *‘Primol”’ 
ered trademark, ksso Standard Oil C< Nujol registered trademark, Plough, 
Uniflo registered trademark tandard Oil « New Jersey. *With typical gute 
10OWn above 





ly in. 


Sho in. 


400-475 
400-475 
400-475 
400-475 
100-200 

400-475 


400-475 
400-475 
400-475 
400-475 
100-200 
400-475 


400-475 
400-475 
400-475 
400-475 
100-200 
400-475 





15,000-30,000 


60-75 


45-60 


125-150 
30-40 
125-150 
250-500 
30-40 


3-5 3-5 3-5 
3-5 3-5 3-5 
1Based on Cycolac polymer, Grade T. Marbon Chem- 
ical, Div. Borg-Warner. 








Polystyrene (including high impact grades) ' 


Med.-Density P/E’ 





"hickness of section: to ¥% in. V4 to %& in. over 4 in. 
Temperatures, °F. 

350-550 
375-575 
400-600 
375-575 
90-150 


350-500 


1) rear cylinder 

2) mid cylinder 

3) forward cylinder 
4) nozzle 


325-500 
350-525 
375-550 
350-525 

90-150 
325-450 


300-475 
325-500 
350-525 
325-500 
90-150 

300-415 


5) mold face or mold coolant 
6) melt leaving nozzle 

ram pressure, p.3.i. 

10,000- 
20,000 
10,000- 
20,000 


1) in standard cylinder 10,000- 
20,000 
10,000- 


20,000 


10,000- 
20,000 
10,000- 
20,000 


) 


2) in injection cylinder of 
preplasticating machine 

Timing 

1) total cycle (including 
mold-open time), sec. 

2) ram forward time, sec. 

Recommended 


sions 


gate dimen- 

30-250 
30 min. 
25-50 
Dia. of 
runner 
less 4 in. 
30 min. 


1) if round, diameter, mils 
lana length, mils 
if rectangular, depth, mils 
width, mils 


30-250 
30 min. 
25-100 
Dia. of 
runner 
less 4g in. 
30 min. 


30-250 
30 min. 
25-150 
Dia. of 
runner 
less 4g in. 
land length, mils 30 min. 

innealing 

|) medium 

-) temperature, °F. 
}) time, min. 


air or water\air or water| air or water 


160-170 160-170 160-170 
10-50 50-120 120 and up 


shrinkage allowance, mils Without annealing 


l 


) in direction of flow 2-8 


‘) perpendicular to flow 2-8 


2-15 
2-15 


4-25 
4-25 


1 on general-purpose Styron 666, Dow Chemical Co. Assuming cavity volumes of 
and 16 cu. in. for the three section-thickness classes. 





to Ye in. le to V% in. over Y4 in. 


275-350 
300-400 
350-450 
350-450 
100-200 
300-450 


300-500 
475-650 
500-650 
400-550 

40-200 
450-600 


300-400 
400-500 
450-550 
350-500 

60-200 
400-500 
5,000-30,000 


5,000-30,000 | 5,000-30,000 


5,000-30,000 5,000-30,000 5,000-30,000 


40-250 
25-75 

40-187 
40-187 


25-75 


water 
212 
| 15-30 
Without annealing 


18-40 | 


18-50 
18-50 


18-40 











Cellulosics 





Thickness of section: less than % in. i to VY in. 





A. Temperatures, °F. 
rear cylinder 340-510 340-490 340-480 
mid cylinder 340-510 340-510 340-510 
forward cylinder 340-510 340-510 340-510 
nozzle 300-460 300-460 300-460 
mold face or mold coolant 70-180 70-180 70-160 
melt leaving nozzle 330-450 330-430 330-430 
. Pressure exerted by ram, p.s.i. 
1) in standard cylinder 10,000-20,000 10,000-20,000 10,000-20,000 
>. Timing 
1) total cycle (including mold-open 
time), sec. 10-60 | 40-150 
2) ram forward time, sec. 5-30 10-40 20-60 
Recommended gate dimensions’ 
1) if round, diameter, mils 25-50 25-50 and up 25-50 
land length, mils 40 40 40 
2) if rectangular, depth, mils 25-50 25-50 and up 25-50 
width, mils 50-100 50-100 50-100 
land length, mils 30-40 30-40 30-40 
i. Shrinkage allowance, mils/in. Without annealing | Without annealing Without annealing 
1) in direction of flow 2-7 2-15 4-25 
2) perpendicular to flow 2-7 2-15 4-25 


Assuming cavity volumes of 1, 4, and 16 cu. in. for the three section-thickness classes. Gating dimensions listed are based on the restricted type of 


gate and are applicable as starting recommendations for all cavity sizes within the given limitations. Gates may be enlarged, particularly in the 
large-size, heavier-thickness cavities, if necessary 











T 


Acrylic’ High-Impact Acrylic* 
less than 


Thickness of section: Ye in. Ye to % in| over % in. less than Y% in| to Yin. | over Y% in. 


A. Temperatures, °F. | 
1) rear cylinder 480-500 480-500 | 480-500 440-500 440-500 | 400-500 
2) mid cylinder 440-450 440-450 440-450 460-510 450-500 | 430-480 
3) forward cylinder 440-450 440-450 440-450 490-540 450-520 440-500 


4) nozzle 375-390 375-390 375-390 480-510 480-510 | 460-490 
5) mold face 175-190 175-190 | 175-190 150-190 150-180 | 130-120 
6) melt leaving nozzle 400-420 400-420 | 400-420 480-520 450-500 | 440-490 
. Ram pressure, p.s.i. 
1) in standard cylinder 15,000 20,000 20,000 15,000-20,000 
2) in injection cylinder 3-5000 3-5000 3-5000 3,000-6,000 
of preplasticating machine 
>. Timing 
1) total cycle (including 
mold-open time), sec. 35-40 40-60 (60 per % in 20-45 40-90 
2) ram forward time, sec. 10-15 15-25 30 and up 6-15 15-60 
Recom. gate dimensions" 
1) if round, diameter, mils 75 120 187 Not recommended 
land length, mils 70 70 70 Not recommended 
2) if rectangular, depth, mils 75-90% of wall 75-90% of wall 
width, mils 1%%-2 x depth 1%-2 x depth 
land length, mils 70-80 


>. Annealing 


1) medium Hot-air circulated oven 


c— —EE —— as —E — 
2) temperature, °F. 170 | 180 190 
3) time, min. 120 120 120-240 
", Shrinkage allowance, mils/in. Without annealing 
1) in direction of flow 4 4 5 4-9 4-9 


2) perpendicular to flow | 3 3 4 2-5 2-5 3-6 





‘Based on Grade 8 acrylic molding powder. Temperatures under A should be lowered 30 to 50° F. for Grade 5. Tables prepared by Rohm and Haas C: 
*Assuming cavity volumes of 1, 4, and 16 cu. in. for three section-thickness classes. *Based on general-purpose grade. Temperatures under A for speci 
grades depend on relative flow values. 
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Styrene-Acrylonitrile Copolymer’ 





Thickness of section: 


A 


. Annealing 


. Shrinkage allowance, mils/in. 


less than ¥% in. 
Temperatures, °F. 
1) rear cylinder 
2) mid cylinder 
3) forward cylinder 
4) nozzle 
5) mold temperature 
6) stock temperature 
Pressure exerted by ram, p.s.i. 
1) in standard cylinder 
2) in injection cylinder of 
preplasticating machine 
Timing 
1) total cycle (including mold-open 
time), sec. 
2) ram forward time, sec. 
Recommended gate dimensions*® 
1) if round, diameter, mils 
land length, mils 
2) if rectanguar, depth, mils 
width, mils 
land length, mils 


400-550 
425-550 
425-500 
400-550 
100-180 
380-500 


10,000-20,000 
10,000-20,000 
10-60 
2-20 
30-250 


30 min. 
25-50 


1) medium 
2) temperature, °F. 
3) time, min. 1 


air or water 


1) in direction of flow 
2) perpendicular to flow 


2-8 
2-8 


‘Data prepared by Union Carbide Plastics, 
thickness 


Div. Union Carbide Corp. 


classes 


Assuming cavity volumes of 1, 4, 


¥% to V% in. 


over % in. 





400-500 
425-550 
425-550 
400-500 
100-180 
380-475 


375-500 
400-550 
425-550 
375-500 
100-180 
380-475 





10,000-20,000 10,000-20,000 


10,000-20,000 10,000-20,000 


40-150 
10-60 


30-250 

30 min. 

25-100 
Diameter of runner less 4g inch 

30 min. | 


30-250 
30 min. 
25-150 
30 min. 30 min. 


air or water air or water 


10 to 15° lower than temperature the part distorted at 


1-3 | 4-25 


2-15 4-25 
2-15 2-24 


and 16 cu. in 








Chiorotrifiluoroethylene' 


Polycarbonate’ 





Thickness of seetion: 


to %& in. | %& to % in. 


. Temperatures, °F. 


500-540 
520-560 
540-600 
600-660 
200-320 
540-580 


1) rear cylinder 

2) mid cylinder 

3) forward cylinder 

4) nozzle 
5) mold face or mold coolant 
6) melt leaving nozzle 


500-540 
520-560 
540-600 
600-660 
200-320 
540-580 


500-540 
520-560 
540-600 
600-660 
200-320 
540-580 


. Ram pressure, p.s.i. 


15,000- 
40,000 


1) in standard cylinder 10,000- 


30,000 


10,000- 
25,000 


>. Timing 


1) total cycle (including 
mold-open time), sec. 60-120 

2) ram forward time, sec. 15 25 

Recom. gate dimensions’* 

1) if round, diameter, mils 


110-250 187-375 


land length, mils 125-187 
2) if rectangular, depth, mils pa 
width, mils 


land length, mils 
Shrinkage allowance, mils/in. 
|) in direction of flow 
*?) perpendicular to flow 


i on Kel-F resins, Minnesota Mining & Mfg. Co. *Assuming cavity volumes of 
and 16 cu. in. for the three section-thickness classes. 


over % in. 





to \%& in. 


| %& to Y% in. 


over % in. 


580-640 570-600 
570-625 560-585 
560-620 550-575 
560-620 550-575 
180-250 180-250 
Omit Omit 


15,000- 
30,000 


15,000- 
30,000 


20-40 
5-20 


25-60 
10-40 


50 min. 
30 min. 


40 mils to 60% 
of part 
thickness 


60 mils to 60% 
of part 
thickness 
Short as possible 
60% to full thickness of part | 
full thickness| 60% to full 
thickness 
Short as possible 
| 
5-8 | 5-8 
5-8 5-8 


150 min. 


150 min. 
150 min. 


5-8 
5-8 
1Based on Lexan resins, General Electric Co. Pellets 
should be dried a minimum of 4 hr. at 250°F. before 


use. Assuming cavity volumes of 1, 4, and 16 cu. in. 
for the three section-thickness classes. 





<TION MOLDING CHARACTERISTICS 





for the three section- 





Nylon 6' 





Thickness of section: less than % in. 


A. Temperatures, °F.’ 
1) rear cylinder 
2) mid cylinder 
3) forward cylinder 
4) nozzle 
5) mold face or mold coolant 
6) melt leaving nozzle 
B. Pressure exerted by ram, p.s.i. 
1) in standard cylinder 
C. Timing 


470-580 
450-560 
450-560 
430-500 

70-200 
460-530 


1) total cycle including mold-open 
time), sec. 
2) ram forward time, sec. 
D. Recommended gate dimensions* 

1) if round, diameter, mils 40 to % thickness 
of part 
Maximum 40 
¥% to full thickness 
of part 
Full thickness of part 
(min. 60) 
Maximum 40 


land length, mils 
2) if rectangular, depth, mils 


width, mils 


land length, mils 
E. Annealing 
1) medium 
2) temperature, °F. 275 
10 
With annealing 
8-15 
Same as above 


3) time, min 

F. Shrinkage allowance, mils/in. 
1) in direction of flow 
2) perpendicular to flow 


‘Prepared by Spencer Chemical Co 


over % in. 


% to VY in. 





460-580 
440-560 
440-560 
430-500 

70-200 
440-510 


12,000-27,000 12,000-27,000 


40-120 
20-60 


25-60 
10-40 
40 to 120 120 to 180 


Max. % dia. of gate 
120-180 


Maximum 60 
4 thickness 
of part 
% to % thickness 
of part 
Maximum 60 


180 


Maximum 125 


Glyco wax S392 or Teresso 140 oil 


275 
20 
With annealing 
15-17 
Same as above 


275 
30 
With annealing 
17-22 
Same as above 


Cylinder temperature settings should be adjusted according to the rate at which the material must be plasticized. 


‘Assuming cavity volumes of 1, 4, and 16 cu. in. for the three section-thickness classes 








Unpliasticized 
Polytrifluorochioroethylene' 


FEP-Fluorocarbon 
Resin! 





less than 


Thickness of section: Vy in. ly to Vain. | over % in. 


A. Temperatures, °F. 
1) 
2) 
3) 
4) 
5) 
6) 


rear cylinder 
mid cylinder 
forward cylinder 
nozzle 


500-540 
520-560 
540-580 
540-580 
200-320 
540-580 


500-540 
520-560 
540-580 
540-580 
200-320 
540-580 


24,000- 
30,000 


mold face or mold coolant 
melt leaving nozzle 


. Ram pressure, p.s.i. 


30,000- 


1) in standard cylinder 40,000 


>. Timing 
1) total cycle (including 
mold-open time), sec. 
2) ram forward time, sec. 


. Recommended gate dimen- 
sions 
1) if round, diameter, mils 
land length, mils 


125-250 
125-187 


.. Annealing 
1) medium air 
2) temperature, °F. 250 250 250 
3) time, hr. s 8 8 


F. Shrinkage allowance, 
mils/in, 


5-25 5-25 5-25 


‘Prepared by J. A. Jupa, Industrial Plastics and Equipment Co., Elizabeth, N. J 


2Assuming cavity volumes of 1, 4, and 16 cu. in. for the three section-thickness classes. 


less than 


We in. lg to % in. | over % in. 


650-700 
700-725 
700-750 
700-750 
400-450 
700-750 


650-700 
700-725 
700-750 
700-750 
400-450 
700-750 


650-700 
675-725 
675-750 
675-750 
400-450 
675-750 


5,000- 
20,000 


5,000- 
20,000 


5,000- 
20,000 


125-187 
30-60 


187-250 
30-60 


30-40 35-50 35-60 


igased on Teflon 100, prepared by E. I. du 


de Nemours & Co., Inc 








ENGINEERING AND METHOD 





Check list of defects and causes in 


Injection molded plastics parts 


CELLULOSICS 


Defect: Incomplete or short shots 
Possible causes 

[) Material temperature too low 

[] Injection pressure too low 
Insufficient feed 
Excessive feed build-up in cyl. 

[| Machine undersized for shot size 

[] Undersized nozzle orifice, run- 
ners, or gates 

} Inadequate venting of cavities 
Mold too cold 
Defective heater band 


Defect: Sink or shrink marks 
Possible causes 
Insufficient pressure 
Ram forward time too short 
Insufficient feed 
Material too hot 
Improperly located gate (relocate 
large gate to heavy section; re- 
stricted gate to thin section) 
| Gates too small 
Mold too cold 
Mold opening too soon 


Defect: Mica specks, bubbles, 
or surface blisters 
Possible causes 

Material insufficiently dried 

Material too hot 
Contamination 
Insufficient pressure 
Excessive mold lubricant 
Material too cold 

Water on mold surface 


Defect: Poor welds, flow marks 
Possible causes 
Material too cold 
Inadequate pressure 
“Worming” or “jetting’ 
improper 


, 


caused by 
location or direc- 
tion of entry into cavity 

Mold too cold 

Pressure 


gate 


transmitted to cavity 


too low 


Defect: Brittleness 
Possible causes 
Molding temperature too low 


eck list for TFCE resins prepared by 
al Plastics and Equip. Co.; check lists 
on 6/6 and acetal prepared by E. I. du 
de Nemours & Co., Inc.; check list for 
6 prepared by Plastics and Coal Chemi- 
Div Allied Chemical Corp.; check list 
ilyethylene prepared by Spencer Chemical 
check list for styrene prepared by The 
Chemical Co,: check list for vinyls pre- 
by B. F. Goodrich Chemical Co.: check 
acrylics and high impact acrylics pre- 

1 by Rohm & Haas Co.; check list for 
arbonate prepared by General Electric 
heck list for ABS polymers prepared by 
bon Chemical, Div. of Borg-Warner; check 
for polypropylene prepared by Hercules 
ler Co. Sections on polyethylene reviewed 
S. I. Chemical Co. and Philiips Chemi- 
Co sections on nylon 6 reviewed by 
er Chemical Co.; section on cellulosics 
ved by Eastman Chemical Products, Inc, 


ECTION MOLDING DEFECTS AND CAUSES 


[] Material breakdown 

() Improper material formulation 

[] Poor welds 

~} Contamination 

(] Defective heater band 

[] Material forced in after surface 
has cooled (brittleness at gate) 


Defect: Moist surface or cloudy 
appearance of moldings 
Possible causes 

C] Insufficient mold venting 
Material or mold too cold 

[] Improper material formulation 
Material improperly dried 
Excessive mold lubricant 

| Contamination 

(—) Surface chilling too quickly 


Defect: Bubbles in the interior of 
the molded piece 
Possible causes 
] Internal shrinkage after outer 
surface has hardened (use warm 
water bath) 
] Material too hot 
} Improper venting 
[] Moisture 


a | 


Defect: Pieces warp after removal 
from cavities 
Possible causes 
Molded piece too hot on ejection 
-] Undercuts on mold too deep 
] Excessive internal strain due to 
too high pressure 
terial 
] Knockout pins too 
ing unevenly, or 
number 
] Inadequate design 
| Variations in wall thickness 


on cold ma- 


small, work- 
too few in 


TFCE RESINS 


Defect: Short shots 
Possible causes 
[] Pressure too low 
[] Cycle too short 
() Temperature too low 


Defect: Bubbies, large 
(vacuum bubbles) 
Possible causes 
[] Die temperatures too low 
Cylinder temperatures too high 
Length of dwell too short 


Defect: Many fine bubbles (indicates 
excessive material breakdown) 
Possible causes 
(] Cylinder temperatures too high 

[] Cycle too long 


Defect: Brittleness 
Possible cause 
[) Cylinder temperatures too high 


Defect: Poor weld 
Possible causes 


[] Die temperature too low (raise to 
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a maximum of 320° F.) 
Pressure too low (open gates and 
runners to increase pressure) 


Defect: Frosted appearance 
Possible cause 


| Material or die temp. too low 


Defect: Discoloration 
Possible cause 


] Contamination 


Defect: Variable fill 
Possible cause 
Non-uniform feed 


Defect: Flow marks 
Possible cause 


] Die temperature too low 


NYLON 6/6 


Defect: Blisters and splay marks 
Possible causes 


] Wet or overheated materials 
[) Slow filling of mold 
] Front of cylinder too hot, rear 


too cold 


Defect: Weld marks 
Possible causes 


] Material too cold 
[] Pressure too low 
[) Slow filling of mold 
[] Poor venting 
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Defect: Burn marks on surface 
Possible causes 


] Poor venting 


LJ 


Filling too fast 


Defect: Discoloration or 
brown streaks 
Possible causes 
Rear cylinder heat too high 
Too much wattage over section 
of cylinder where ram works 


} Insufficient pad of material be- 


tween ram and cylinder after 
shot is taken 


[] Ram out-time too long 


Long delays between cycles 


| Machine operating only a short 


time after start-up 


Defect: Reduced toughness 
Possible causes 


[] Wet or overheated material 
] Mold too hot 
-] Non-uniform wall sections in part 


Sharp angles in flow within the 
cavity (where possible, use radius 
at meeting of any two sections) 


| Wrong position of gate (do not 


locate gate at any point where 
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flexing is liable to occur) 

] Gate too sharp at entry to cavity 
(blend with generous radius) 

[) Excessive dirt, fillers, or pigments 
used in material 

] Gate too small 


Defect: Inability to hold dimen- 
sional tolerances 
Possible causes 
| Erratic performance of hydraulic 
or electric systems of machine 
[) Non-uniform cycles 
| Gates too small and/or too long 
] Runner system too long or too 
complex 
[] Too many cavities 
[]) Worn clamp platen bearings 
[) Mold leader pins binding 
| Non-uniform feeding of material 
] Material not uniformly dried 
| Material not uniformly heated 


Defect: Ejection difficulties 

Possible causes 
Insufficient draft angle 

[] Cavity surfaces too smooth 
| Cycle too short or too long 
Material injected too hot 

| Wrong type of knock-out 
Insufficient venting 

) Incorrect mold temp. 

| Wall sections too thin 
Pressure too high or too low 


Defect: Internal voids and 
surface sinks 
Possible causes 
} Pressure too low 
| Cycle too short 
Filling rate too fast 
| Material too hot 
Gates too long and/or too small 
] Runners too small 
| Lack of radii in flow stream 


NYLON 6 


Defect: Variations in dimensions 
Possible causes 

|} Non-uniform feeding of material 

[) Large variations in cylinder tem- 
peratures 

| Too many cavities necessitating 
complex runner system 

] Non-uniform gates 

| Reground material not uniformly 
mixed with virgin 

] Material placed in the hopper at 
non-uniform temperature 
Non-uniform time cycles—opera- 
tor varying mold-open time be- 
tween shots 
Inconsistent mold clamping or in- 
jection pressure 


Defect: Flashing 
Possible causes 
] Cavity plates may be dented or 
warped 
Mold clamping pressure not prop- 
erly. adjusted 
| Material overheated 
| Injection pressure too high 


[] Inadequate 


venting or vents 


blocked 


Defect: Splay marks (silver streaks 


on the surface of the molding) 
Possible causes 


[) Wet material 


Material overheated 
Low boiling wetting agent used 
for dry blending 


Defect: Weld marks 
Possible causes 
Inadequate or blocked vents 
Mold too cold 
Material too cold 
Pressure too low 
Injection rate too slow 


Defect: Burn marks 
Possible causes 
Material overheated 
Injection rate too fast 


) Inadequate or blocked vents 


Defect: Voids and sink marks 
Possible causes 


} Gates too long and/or too small 


Materials overheated 

Feed backed up causing high loss 
of injection pressure 

Injection pressure too low 

Sprue and/or runners too small 
Ram forward time too short 
Injection rate too fast 


Defect: Discoloration 
Possible causes 

Material overheated in injection 
cylinder 

Material oxidized by drying too 
long and/or at too high a temp. 
Discolored material not purged 
during start-up 


Defect: Ejection difficulties 
Possible causes 
Cycle too short 


} Material too hot 


Poorly designed knockout system 
Injection pressure too high 
Inadequate draft angles 


Defect: Lack of toughness 
(brittleness) 
Possible causes 
Wet or overheated material 


() Gate located improperly (do not 


locate the gate at a point of high 
stress) 


() Sharp turns in flow in cavity 


[] Contamination or 
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excessive 
amount of fillers or pigment 


POLYETHYLENE 


Defect: Incomplete or short shots 
Possible causes 

Insufficient pressure 
Insufficient feed 
Stock temperature too low 
Mold temperature too low 
Insufficient injection time 
Foreign material clogging nozzle 
or gates 


Defect: Sink or shrink marks 
Possible causes 

(0 Insufficient pressure 

C] Insufficient dwell time 

[1] Gates, runners, or sprues may be 
too small 

[] Stock temperature too high 

[] Mold temp. too high 


Defect: Bubbles 
Possible causes 
(] Stock temperature too high 
[] Insufficient pressure 


Defect: Voids 
Possible causes 
[] Stock temperature too low 
[] Mold temperature too low 
() Insufficient dwell time 
[] Insufficient pressure 
[] Gates too small 


all 


Defect: Delamination 
Possible causes 

Stock temperature too high 
Inj. time too long (if around gate) 
Inj. press. too low 
Mold temp. too low 
Contamination by 
resin 


incompatible 


Defect: Poor welds 
Possible causes 
Stock temperature too low 
Improper gate location or type 
Injection pressure too low 
[] Mold temp. too low 
Air entrapment due to improper 
venting 


Defect: Flow marks 
Possible causes 
Stock temperature too low 
Mold temp. too low 
Incorrect injection pressure 
[] Melt index too low 


Defect: Brittleness 
Possible causes 
Stock temperature too low 
] Degraded material in cylinder 
Improper mold temp. 
Packing by excessive ram dwell 
and resin feed 


Defect: Poor color dispersion 
Possible causes 

Gates too large 

Inadequate dispersion nozzle 

Pigment agglomeration from add- 

ing too much coloring aid and 

improper tumbling 

Poor quality pigments 


STYRENE 


Defect: Silver streaking 
Possible causes 
Plastic temperature too high 
Mixture of coarse and fine gran- 
ules (as with reground) 

() Exceeding plasticizing capacity 
Air trapped between granules in 
cold end of machine 
Moisture on granules 
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[] Intermittent flow in the cavity 
r) Injection speed too fast 
"| Mold temperature too low 


Defect: Black streaks 
Possible causes 

Frictional heat caused by move- 
ment of cold granules past one 
another and compression of air in 
feed end of cylinder 

[) Air trapping in mold 

] Plunger off center, causing fric- 
tional burning of material 
Plastic burning in non-stream- 
lined areas or cracks in heating 
cylinder 


Defect: Bubbles 
Possible causes 
] Not enough plastic in the mold 
to prevent excessive shrinkage 
due to: a) heavy sections, bosses, 
and ribs; b) injection pressure too 
low; c) plunger forward time too 
short; and d) insufficient feed 
[] Moisture on granules 
"] Non-uniform mold temperature 
) Air trapping 


Defect: Sink marks 
Possible causes 
] Not enough plastic in the mold to 
allow for shrinkage 
] Plastic too hot 
} No cushion in front of ram 


Defect: Poor or obvious weld lines 
Possible causes 
] Plastic too cold 
] Excess mold lubricant on mold 
] Weld line too far from gate 
} Air unable to escape from mold 
fast enough 
() Section thickness variation in 
different areas of part 
Mold too cold 
] Insufficient pressure 
Slow injection speed 


Defect: Poor surface 
Possible causes 

Mold too cold 
Injection pressure too low 
Water on mold face 
Excess mold lubricant on mold 
Not enough plastic into mold to 
contact mold metal at all points 
Slow ram speed 
Excessive lubricants 


Defect: Warping 
Possible causes 
Part ejected too hot 
Plastic too cold 
Variation of section thickness or 
ontour of part 
Inbalanced gates 
ixcessive material discharged 
om or packed into the area 
round the gate 


fect: Parts sticking in the mold 
Possible causes 

jection pressure or cylinder 

mperature too high 


TION MOLDING DEFECTS AND CAUSES 


[] Too much feed 

C1) Plunger forward time too long 
[] Unbalanced gates 

[] Undercuts in mold 

[) Vacuum under deep draw part 


Defect: Brittleness and crazing 
Possible causes 

[) Packing excess plastic into mold 

[j Plastic too cold 

() Oil and grease on knockout pins 
Mold temperature too low 
Molding general - purpose poiy- 
styrene around metal inserts 


Defect: Short shots 
Possible causes 

Cold material 
Cold mold 
Insufficient pressure 
Poor venting 
Insufficient plunger forward time 
Improper balance of plastic flow 
in multiple cavity molds 
Insufficient injection speed 


Defect: Flash 
Possible causes 
[] Material too hot 
[) Pressure too high 
[}) Excessive feed 
}] Poor parting line or mating sur- 
faces 
C— Insufficient clamp 


Defect: Sprue sticking 
Possible causes 
-] Excessive pressure 
Hot material 
Insufficient draft 
Improper fit between sprue bush- 
ing and nozzle 
-] Undercuts or rough surface 
Long plunger dwell 


Defect: Erratic cycles 
Possible causes 
[] Holding gates open 
lengths of time 
Erratic pressures 
] Erratic feed 


varying 


Defect: Long cycles 
Possible causes 
] High material temperatures 
Mold temperature excessive 


C Insufficient heating capacity 


Excessive flash 


Defect: Flow lines and folds 
Possible causes 
[] Plastic cold 
Mold cold 
Gates too small 
Non-uniform section thickness 


Defect: Dimensional variation 
Possible causes 
[] Molding conditions erratic 
} Variation in ambient air temp. 


Defect: Low heat distortion 
temperature 
Possible causes 
(] Excessive pressure 


[] Excessive plunger dwell 

[] Excessive mold temperature 

1) Gate slow freezing 

(1 Variations in section thickness 

[] Too low mold temperature 

[] Incorrect. cylinder temperature 


VINYLS 


Defect: Incomplete or short shots 
Possible causes 

() Insufficient feed 

(] Insufficient pressure 

[] Stock too cold (or too short a 
cycle) 

[] Too short ram forward time 

[) Cylinder packing, excessive feed 

[] Improper venting of the mold 

[] Gate too small for cavity size 


Defect: Sink or shrinkage marks 
Possible causes 

[] Insufficient feed 

(] Insufficient pressure 

[] Too short ram forward time 

[] Improper mold gating 

] Improper mold design (adjacent 
thick and thin sections) 


Defect: Smudges, orange peel 
(generally around the gate) 
Possible causes 
Too long ram forward time 
Injection pressure too high 
[] Stock temperature too high 


Defect: Dull streaks, flow lines 
Possible causes 
[] Stock temperature too low 
[) Runners too small 
Improper gate size and/or location 
Stock too hot (if discolored) 
() Inadequate cold-wells 


Defect: Weld lines 
Possible causes 

[] Stock temperature too low 

] Runners too small 
Inadequate cold wells 

~) Improper gate size or location 
Improper mold design (very long 
thin sections) 

} Mold too cold 


Defect: Flashing 
Possible causes 
[] Injection pressure too high 
Insufficient clamping pressure 
Stock temperature too high 
] Mold faces not plane and parallel 
Improper venting (one cavity 
flashing while another fails to fill) 


Defect: Blisters or bubbles 
Possible causes 

Stock temperature too high (gen- 
erally accompanied by decom- 
position) 

[] Trapped air due to improper 
venting (often in corners of raised 
letters or designs, etc. 


Defect: Burned spots 
Possible causes 
[] Too high a ram speed 





[) Improper venting 
| Stock temperature too high 


Defect: Excessive shrinkage at gate 
Possible causes 
| Stock temperatures too low or too 
high 
] Insufficient ram forward time 


Defect: Warping 
Possible causes 
| Excessive ram forward time 
} Insufficient cooling in mold (too 
short a cycle) 
| Improperly designed knockouts 
or ejectors 


Defect: Stock discoloration or 
breakdown 
Possible causes 
) Stock temperature too high 
Cycle too long or erratic 
Gate too small (frictional heat 
breakdown) 
Machine not properly purged 
during start up or shut down 


Defect: Black flecks but no 
discolored streaks 
Possible causes 
Decomposed material from previ- 
ous run flaking off cylinder walls 


ACRYLICS 


Defect: Short shot 
Possible causes 

Insufficient feed 
Injection pressure too low 
Temperature of cylinder and/or 
mold too low 
Excessive feed 

| Undersized gates, sprues, run- 
ners, or nozzle 


Defect: Weld lines 
Possible causes 
| Low pressure 
] Temperature of cylinder and/or 
mold too low 
Improper location or type of gate 
|] Varying section thickness 


Defect: Tails (welds or tears beyond 
raised numerals, etc., in the mold) 
Possible causes’ 
|} Improper cylinder temperature 
(see note below) 
Mold temperature too low 
Pressure too low 

|} Injection rate too fast 
Improper location or type of gate 
Improper mold design 


Defect: Tear drops, mica surface, 
blisters, bubbles, splash, flow lines 
Possible causes 

| Insufficient predrying 


In severe cases it may be necessary to re- 
locate the gate or even decrease the depth of 
the obstructing letter or numeral. ‘Tails’ can 
be caused by a lack of welding as the plastic 
flows around the raised numeral or may be 
caused by a tearing as the material flows over 
the nameral. Thus, if the defect is not elimi- 
nated by the adjustments listed, it is desirable 
to try cautiously raising the cylinder tempera- 
ture before making mold changes. 


Injection pressure too low 
Cylinder temperature too high 
Mold temperature too low 
Undersized gates, sprue, or nozzle 
Injection speed too fast. 

Air trapped at feed end of cyl. 


Defect: Sink marks 
Possible causes 

] Injection pressure too low 

Ram forward time too short 
[] Cylinder temperature too high 

Mold temperature too low 

] Undersized gates, sprue, runners, 
or nozzle 


Defect: Smudge, orange peel, skids 
Possible causes 

[] Ram forward time too long 

[) Injection pressure too high 

[] Temp. of cyl. or mold too high 


Defect: Cold slug 
Possible causes 
[] Nozzle temperature too low 
[) Absence of cold slug well op- 
posite sprue 


Defect: Internal bubbles in thick 
molded pieces 
Possible causes 
[] Ram forward time too short 
[] Ram pressure too low 
] Cycle too short 
|] Ram speed too great 
] Cylinder temperature too high 
| Improper annealing after injec- 
tion (water too cold will cause 
vacuum bubbles; water too hot 
will tend to open up weld lines) 
Undersized gates, runners, sprue, 
or nozzle 


Defect: Warping 
Possible causes* 
] Insufficient cooling in mold 
(too short a cycle) 
] Temperature of cylinder and/or 
mold too high 
Improper piston forward time 


POLYPROPYLENE 


Defect: Incomplete or short shot 
Possible causes 
[] Insufficient feed 
] Insufficient pressure 
] Stock temperature too low 
] Mold temperature too low 
Insufficient injection time 
| Foreign material clogging nozzle 
or gates 
(1) Cylinder heating capacity under- 
sizei for shot size 
Restriction in fow due to under- 
sized runners or gates 
] Unbalanced cavity mold 


"It may be desirable to use a clamping jig 
in which to cool the parts after removal from 
the mold. Annealing pieces in water a: a)-roxi- 
mately mold temperature—cooler water for thin 


pieces, warmer water for thick » *ces —is not 
recommended, except under carefully controlled 
conditions as acrylics have a tenJency to craze 
under these conditions 


Defect: Sink or shrink marks, voids, 
or bubbles 
Possible causes 

[] Insufficient effective pressure in 
cavity 

C) Insufficient dwell time 

[] Stock temperature too high 

[) Mold temperature too low 

[] Freeze-off at gate 

— Improperly located gate 

(1) Poor part design, non-uniform 
sections, excess wall thickness 


Defect: Brittleness 
Possible causes 
[] Stock temperature too low 
[] Mold temperature too low 
[) Degraded material from cylinder 
[] Contamination 
[1] Improper color concentrates 
[) Improper design, inadequate radii 
at corners, notch, or thread de- 
sign 
[} Voids 
Defect: Poor welds, flow marks, 
poor surface 
Possible causes 
_] Stock temperatures too low 
Improper gate location or gate 
design 
[] Injection pressure too low 
[] Inadequate venting 
Dirty cavity surface, excess mold 
lubricant 
C) Too fast fill 


Defect: Warping, low heat distortion 
temperature 
Possible causes 
|} Molded-in strains due to low 
stock temperature, mold too cold 
Improper design, non-uniform 
walls 
] Overpacking in gate area 
Too long flow, insufficient gates 
) Improperly balanced multiple 
gates 
[] Improper balance of core and 
cavity temperatures 
(] Part ejected tco hot 
] Inadequate or poor location of 
knockout mechanism 


Defect: Erratic quality 
Possible causes 
Undersized cylinder volumetric 
and heating capacity 
Non-uniform cycle 
Non-uniform feed temperature 
Erratic performance of equipment 
| Unbalanced multiple cavity lay- 
out and runner system 


ACETAL RESINS 


Defect: Short shots and/or surface 
pits or wrinkles 
Suggested solutions 
[) Adjust feed for no more than 4 

in. back-up 
1] Use maximum ram speed 
] Use booster 
—) Increase mold temperature 
(as high as 250° F.) 
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‘heck for plugged nozzle—one 
ign is unmelted material in the 
hots 


Set hopper heater 200-250° F. 
r) increase over-all cycle time 
r) increase cylinder temperature 


Defect: Sinks 
Suggested solutions 
[] Use booster 
] Increase plunger forward time 
[] Decrease mold temperature 
Decrease cylinder temperatures 


Defect: Discoloring 

Suggested solutions 

cylinder temperature 
and/or over-all cycle 

[] Check temperature controls and 
instruments 

} Check hold-up time 


[] Decrease 


Defect: Voids 
Suggested solutions 
Use maximum ram speed 
Adjust feed for no more than %4 
in. back-up 
injection 
use booster 


Increase pressure and 
Increase plunger time, but keep 
over-all cycle constant 

Increase mold temperature 


Defect: Warping 

Suggested solutions 
Measure mold surface tempera- 
tures for evenness on both halves; 
usually the hottest side results in 
the greatest shrinkage 
Decrease mold temperature 
Increase plunger forward time 
Increase injection pressure 
Increase mold cooling time 


ACRYLONITRILE-STYRENE 
COPOLYMERS 


Defect: Poor or obvious weld lines 
Possible causes 
Mold improperly vented 
Mold too cold 
Nozzle too cold 
Insufficient pressure 
Injection speed too slow 
Material temperature too low 


Defect: Silver streaking 
Possible causes 
Plastic temperature too high 
Contaminated with an incompat- 
le material 
r trapped 
rases trapped 
“ixcessive moisture 
jection speed too fast 
old temperature too low 
xcessive external lubricant 


Defect: Black streaks 
Possible causes 


acked cylinder or material 


ld-up in cylinder 
orn plunger 
0 much heat in the rear 


TION MOLDING DEFECTS AND CAUSES 





CO 
O 


0 


Cylinder temperatures too high 
Deposits of burned material in 
cylinder 

Inadequate external lubricant 


Defect: Bubbles 
Possible causes 
Poor gate location or 
venting 
Material may contain excessive 
moisture or volatile matter 
Runner system may be too small 


improper 


| Improper mold design 


Defect: Sink marks 
Possible causes 

Gate too large (material in gate 
sets too slowly) 
Over-all cycle too short 
Mold too hot 
Injection dwell too short 
Insufficient pressure maintained 
on part 


HIGH IMPACT ACRYLICS 


Defect: Short shot 
Possible causes 


|] Insufficient feed 
] Injection pressure too low 
] Temperature of cylinder and/or 


mold too low 

| Excessive feed 
Undersized gates, 
ners, or nozzle 

| Feed temperature too low 


sprues, run- 


Defect: Weld lines 
Possible causes 
Low pressure 


] Temperature of cylinder and/or 


mold too low 
] improper location or type of gate 


[] Varying section thickness 
] Insufficient venting 


Defect: Tear drops, mica surface, 
blisters, bubbles, splash, flow lines 


Possible causes 
Insufficient predrying 
| Injection pressure too low 


() Cylinder temperature too high 


Mold temperature too low 
| Undersized gates, sprue, or nozzle 
| Air trapped at feed end of cyl- 
inder 
] Improper injection speed 
Defect: Sink marks 


Possible causes 
] Injection pressure too low 


[] Ram forward time too short 


] Cylinder temperature too high 

] Mold temperature too low 

] Undersized gates, sprue, runners, 
or nozzle 


[} Cure too long 


Defect: Smudge, orange peel, skids 


Possible ccuses 
] Ram forward time too long 
] Injection pressure too high 


[] Temperature of cylinder or mold 


too high 
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Poor gate design 
Ram speed too fast 


Defect: Internal bubbles in thick 


: 
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molded pieces 

Possible causes 
Ram forward time too short 
Ram pressure too low 
Cycle too short 
Cylinder temperature too high 
Improper immersion bath tem- 
perature 
Undersized gates, runners, sprue, 
or nozzle 


Defect: Warping 

Possible causes 
Cure too short 
Temperature of cylinder and/or 
mold too high 


[] Improper piston forward time 


Injection pressure too low 
Improper gate design 


Defect: Poor impact strength 
Possible causes 


[] Piston travel too fast (jetting into 


mold) 
Cylinder temperature too low 


] Gate too small or improperly lo- 


cated 


Defect: Poor surface luster 
Possible causes 

Cylinder and/or mold tempera- 

ture too low 


(] Piston speed too slow 


Defect: Flashing 
Possible causes 


] Mold clamping pressure too low 


uw 


Injection pressure too high 
Cavity plates dented or warped 


| Material temperature too high 
] Mold temperature too high 
] Inadequate venting 


Defect: Sprue sticking 
Possible causes 
Injection time too long 


} Injection pressure too high 


Undercuts in sprue bushing 


| Improper fit between sprue bush- 


ing and nozzle 


] Nozzle temperature too low 
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ABS POLYMERS 
Defect: Short shots 


Possible causes 
Injection pressure too low 
Cycle too short 
Injection hold-time too short 
Undersized sprue, runner, or gate 
Gate land area too large 
Nozzie opening too small 
Feed in need of adjustment 
Cylinder or mold temperatures 
too low 
Insufficient gas vents 
Poor gate location 


Defect: Sink marks 
Possible causes 
Injection pressure too low 


[) Cyele too short 

(] Undersized sprue, runner, or gate 

[) Feed in need of adjustment 

[] Cylinder or mold temperatures 
too high 

[) Water channels in need of relo- 
cation 
Poor gate location 


Defect: Flash 
Possible causes 
[] Injection pressure too high 
[] Injection hold-time needs de- 
creasing 
[) Clamp pressure too low 
[) Cylinder temperature too high 
[) Poor parting line or mating sur- 
faces 


Defect: Weak weld 
Possible causes 

Injection pressure too low 
Undersized sprue, runner, or gate 
Gate land area too large 
Nozzle opening too small 
Cylinder or mold temperatures 
too low 
Insufficient gas vents 
Poor gate location 
Plunger speed too fast 


Defect: Brittleness 
Possible causes 
Undersized sprue, runner, or gate 
-) Gate land area too large 
} Cylinder temperature too high 
[) Mold temperature too low 


Defect: Poor surface finish 
Possible causes 
] Injection pressure too low 
Undersized sprue, runner, or gate 
Gate land area too large 
} Nozzle opening too small 
Cylinder temperature too high 
Mold temperature too low 
C) Poor location of water channels 
for mold cooling 
] Insufficient gas vents 
Poor location of gate 
Depth or diameter of cold slug 
well too small 
} Plunger speed too fast 


Defect: Jetting 
Possible causes 
| Undersized sprue, runner, or gate 
Nozzle opening too small 
Cylinder temperature may be too 
high 
] Mold temperature may be too low 
] Poor location of gate 
) Depth or diameter of cold slug 
well too small 
Plunger speed too fast 


Defect: Weld burns 
Possible causes 
(1) Injection pressure too high 
(J Injection hold-time too high 
[) Cylinder temperature too high 
(] Insufficient gas vents 
C) Plunger speed too fast 
(1) Nozzle heating band too hot 


Defect: Lamination and color 
streaking 
Possible causes 
[] Undersized sprue, runner, or gate 
[] Gate land area too large 
€) Nozzle opening too small 
[] Cylinder temperature too high 
Mold temperature too low 
Depth or diameter of cold slug 
well too small 
Material contamination 


Defect: Warpage 
Possible causes 
] Injection pressure too low 

Cycle too short 
Injection hold-time too low 
Feed in need of adjustment 
Cylinder or mold temperatures 
too high 
Poor location of water channels 


Defect: Wave marks 
Possible causes 

Injection pressure too low 
Cycle too short 
Injection hold-time too low 
Feed in need of adjustment 
Clamp pressure too low 
Cylinder temperature too high 
Mold temperature too high 
Poor location of water channels 


Defect: Drag marks 
Possible causes 
[) Injection pressure too high 
Injection hold-time too high 
[] Rough mold surface 


Defect: Sticking in cavity 
Possible causes 

Injection pressure too high 
Injection hold-time too high 
Undersized sprue, runner, or gate 
Gate land area too large 
Cylinder temperature too high 
Mold temperature too high 
Rough mold surface 


Defect: Sprue sticking 
Possible causes 
Injection hold-time too high 
Improper fit between sprue bush- 
ing and nozzle 
Undercuts or rough surface 
Sprue puller defective 


POLYCARBONATE 


Defect: Part sticking 
Possible causes 
Mold temperature too high 
Pressure too high 


Defect: Poor ejection 
Possible causes 
Roughness or undercuts in mold 
Excessive mold packing 
Inadequate knock-out system 
Sticking on knock-out pins 
Not enough taper or draft 


Defect: Streaking 
Possible causes 
[] Moisture 


[) Overheating 
(1 Slow fill or cold material 
[] Contamination 


Defect: Black specks 
Possible causes 

() Ambient contamination 

(] Contamination picked up from 
other resins 

(1) Thermal degradation and pick-up 
of degraded material from cyl- 
inder wall 


Defect: Gate trouble: short shots, 
sinks, vacuum bubbles, 
splay marks, streaking 

Possible causes 
[] Gate too small 
[1 Poor gate design. Square gates 
are preferred for thick sections 
of the piece 

[) Gate land too long 

[] Poor gate location 

thickest section) 

[) Unbalanced gating 


(gate into 


Defect: Cloudy appearance 
Possible causes 
(0 Lew stock or mold temperature 
[] Moisture 
[) Contamination 


Defect: Weak parts 
Possible causes 
[] Poor welds within part 
[) Contamination 
[) Moisture 
] Thermal degradation of resin 


Defect: Delamination 
Possible cause 
[) Low stock temperature 


Defect: Jetting 
Possible causes 
() Low stock temperature 
[) Gate too small 
[ Ram speed too high 


Defect: Poor parts from some 
cavities of multi-cavity 
mold 
Possible causes 
(— Poorly balanced mold 
[1] Mold improperly cored 


Defect: Uneven fill around core pin 
Possible cause 
() Cocked core pin from use of ex- 
cessive pressure 


Defect: Charred area 
Possible cause 
(1 Trapped air (caused by poorly 
vented mold) 


Defect: Improper shrinkage 
Possible causes 

() Excessive shrinkage because tem- 
perature is too high 

[] Too little shrinkage because pres- 
sure is too high 

[ Variable shrinkage because of 
improper gate location, or vari- 
able feed or cushion 
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Extrusion 


- series of articles covers the 
extrusion process from the time 
the material arrives in the plant 
until the final production step 
when the extrudate is taken off 
the machine. On p. 700 will be 
found the index to a tabular pre- 
sentation outlining the machine 
characteristics and operating con- 
ditions for specific plastics. 


MATERIALS 
HANDLING 


By A. J. STOCKWELL* 


All plastics raw materials require 
some form of processing or han- 
dling prior to conversion into the 
end product. This processing may 
vary from simple materials han- 
dling, such as manual unloading of 
50-lb. bags into an extruder hop- 
per, to the rather involved pro- 
cedures for preparing polyvinyl 
chloride dry blends. 


For most plastics raw materials, 
the only blending requirements 
are those necessary to combine a 
dry colorant or some other single 
ingredient with the plastic, or to 
homogenize material which has 
become stratified during shipping. 

Polystyrene: Because of econ- 
omy and ease of handling, many 
processors purchase uncolored 
styrene molding compounds and 
perform their own coloring. Col- 
orant blending may be performed 
effectively in drums with end- 
over-end drum tumblers. Opti- 
mum blending using large drums 
(200 Ib.) has been found to occur 
at about 44 r.p.m. for end-over- 
end rotation, though the speed 
range may vary from 30 to 50 
rpm. Above the optimum level, 
color dispersion drops off as cen- 
triiuging is approached; below 30 
rpm. blending is __ inefficient 
because material slides around the 
Sides of the drum without mixing. 

blending cycles vary from 15 
) minutes. Most of the color 
rsion takes place within the 
hnical Service Representative, Vinyl 


and Compounds, Monsanto Chemical 
ingfield, Mass 


first 10 min., and almost all colors 
can be blended within 30 minutes. 

The blender load is an important 
variable in obtaining satisfactory 
coloring. For end-over-end type 
blenders, best results are produced 
when containers are at 50% ca- 
pacity. For 200-lb. drums, the load, 
therefore, should be no greater 
than 100 lb. for optimum results. 
Above this level, material will not 
be blended efficiently. When the 
load is greater than 80 to 85% of 
capacity, results are very poor. 

A few processors, who require 
colorant blending in batches in 
excess of 1000 Ib., use a Y-shaped 
container with the end-over-end 
tumbler. However, drum tumbling 
meets the requirements of the 
majority of styrene processors. 

Polyethylene: Polyethylene may 
be dry colored for injection mold- 
ing or extrusion, according to the 
basic principles discussed above 
for polystyrene. In addition, end- 
over-end tumblers are used for 
blending a slip concentrate with 
polyethylene pellets or for blend- 
ing re-worked polyethylene with 
virgin material. Blending can 
also be done in drums and con- 
siderations are similar to those for 
polystyrene colorant blending. 

Nylon: Since nylon materials 
are very hygroscopic and will ab- 
sorb as much as 24% moisture 
under average atmospheric condi- 
tions, the primary pre-processing 
requirement is one of drying. A 
moisture content in excess of 0.3% 
causes splayed moldings of re- 
duced toughness. Nylon extrusion 
grade materials are generally sup- 
plied in air-tight drums. However, 
if the drum is allowed to remain 
open for any length of time or if 
the drum is opened under high 
humidity conditions (during the 
summer, for example), it is desir- 
able to dry the material in a cir- 
culating air oven or vacuum oven. 
Some processors employ a hopper 
drier, which dries the material by 
blowing streams of hot air through 
the nylon in the extruder hopper. 

Polyvinyl chloride: Polyvinyl 
chloride is supplied either as a 
resin in fine powder form, or as 
compound pellets containing PVC 


resin plus the plasticizer, fillers, 
stabilizers, lubricants, and pig- 
ments as required for the end 
product. The processor may pur- 
chase colored compound, or he 
may purchase “natural” com- 
pound and blend in colorants 
(usually in the form of powder or 
chips). For colorant blending, 
drum tumbling, as discussed 
under polystyrene, is satisfactory. 
Many processors use a ribbon 
blender, cement mixer, or other 
simple blenders for colorant 
blending of compounds. 

If the processor purchases PVC 
resin, the other necessary ingredi- 
ents—plasticizers, stabilizers, fill- 
ers, and lubricants—may be com- 
bined with the resin by the dry 
blending process. This process 
is becoming increasingly common 
primarily because of the econo- 
mies realized in purchasing raw 
materials and blending as opposed 
to purchasing compounds. Basi- 
cally, the dry blending technique 
consists of charging resin to the 
blender, followed by plasticizer 
and other liquid ingredients which 
are pumped into the blender 
through spray nozzles or flow into 
the blender by gravity through 
perforated pipes. Stabilizers, fill- 
ers, and lubricants are then added 
in that order. Mixing and heating 
continues until the proper end 
temperature is reached, and the 
proper consistency of the dry 
blend results. Typical end tem- 
peratures range from 190 to 220° 
F. The blender is jacketed for 
both steam and water for heating 
and cooling. Blenders are fre- 
quently used in tandem, the first 
doing the heating and blending, 
and the second the cooling. Blend- 
ing cycles are dependent prim- 
arily on the type of blender which 
is being used. 

Most commonly used is the rib- 
bon blender, which consists of a 
jacketed vessel in which agitation 
of the contents is supplied by two 
spiral ribbons mounted on a cen- 
tral shaft. Popularity of the ribbon 
blender is due to its low capital 
outlay per pound of capacity and 
low downtime for maintenance 
because of simplicity of construc- 
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tion. However, blending cycles are 
slower than for more intensive 
mixers. Ribbon dry blending 
cycles vary from 40 min., where 
one blender is used for heating 
and a second for cooling the con- 
tents, to 1% hr. where one 
blender is used for both heating 
and cooling. 

Shorter blending cycles are pos- 
sible with internal mixers and 
muller type mixers. The internal 
mixer is a steam-heated, jacketed 
vessel in which inter-meshing 
blades rotate around two separate 
shafts operating at different 
speeds. Relatively short cycles are 
used, varying from 20 to 30 min., 
depending upon the formula. 
Because of the intensive mixing, 
this mixer produces a very satis- 
factory quality product compar- 
able to that made by other meth- 
ods. Dry blending techniques with 
this equipment are similar to 
those used in ribbon blending. 

A high speed centrifugal mul- 
ler consists of two wheels placed 
on a pivot arm in the blender and 
moved against the side wall of the 
blender by centrifugal force. The 
material to be mulled is held in 
the shape of a doughnut around 
the side of the bowl with the 
wheels rolling in the center. The 
muller operates on a relatively 
short cycle by comparison with 
the ribbon blender. Cycles vary 
according to the type of formula- 
tion to be processed but 6 min. is 
usually the minimum. The batch 
size is approximately 175 pounds. 
Dry ingredients are charged to the 
muller, generally by skip hoist, 
and plasticizers and other liquids 
are charged through a pipe into 
the mixing chamber after agitation 
has begun. Heated air at 375 to 
400° F. is forced through the 
mixer by means of a hot air duct. 
When mixing is complete, the dis- 
charge door is opened, and the 
muller wheels push the material 
out into receiving hoppers. The 
dry blend at this point is generally 
cooled by use of an exhaust con- 
veying cooling system. External 
cooling is the only practical ap- 
proach to the cooling problem. 

In addition to the above, in- 
creasing interest is being shown in 
a variety of mixers of newer de- 
sign. One is similar in design to a 
ribbon blender but of sturdier 
construction and capable of op- 


erating at much higher speeds. 
Another utilizes a very high speed 
agitator mounted in the bottom of 
the mixing chamber. 

Advantages of the internal and 
muller type mixers and of the 
newer mixers are fast blending 
cycles and thorough dispersion of 
ingredients. These are accomplish- 
ed through the more intensive 
mixing which is achieved. 

Polyvinyl chloride dry blends 
should be passed through a vi- 
brating screen (20 mesh) to re- 
move any large lumps or, more 
important, to remove contaminants 
before the dry blend is charged to 
the extruder hopper. 


in-plant handling 


Liquids: Liquid raw materials, 
such as plasticizers, are supplied 
in tank cars, tank trucks, drums, 
or in some cases, pails. At the 
processor’s plant, these liquids are 
pumped to storage tanks and me- 
tered to batch tanks for blend- 
ing as required for production. 
Equipment for handling plasticiz- 
ers for PVC dry blends is de- 
signed so that the plasticizer is 
pumped from the mixing tank 
through spray nozzles into the 
blender, or flows by gravity 
with sufficient elevation head to 
permit spraying into the blender. 

Liquid handling methods do not 
present any particular complica- 
tions and are the same methods 
that have been in effect for a 
number of years in 
process plants. 

Solids: Dry resins and com- 
pounds are supplied in 50-lb. 
multiwall paper bags, for manual 
handling. Bulk handling refers 
normally to any shipping method 
involving unit quantities larger 
than the conventional multiwall 
paper bag. The bulk methods 
which have received wide accept- 
ance in the plastics industry to 
date include palletized unit loads, 
expendable bulk boxes. and cov- 
ered hopper cars. Another bulk 
method involves use of collapsible 
rubber bins (Sealdbins).1 The ap- 
peal of the bulk handling method 
is due to the possibilities opened 
by these techniques in improved 
in-plant handling, plus the bulk 
price discounts that can be ef- 
fected in many cases. 

Palletized unit loads 


1 Trademark of U. S. Rubber Co 


chemical 


involve 


placement of forty 50-lb. bags on 
an expendable pallet. Auxiliary 
equipment requirements consist 
of a fork lift truck or, in some 
cases, a hand pallet truck. Double 
or triple tiering during storage is 
possible, if separators of several 
types available are employed. 
Bulk boxes—generally expend- 
able boxes of corrugated fiber 
board construction holding from 
1000 to 2000 lb. of material—are 
being used for shipments to some 
plastics processors. These boxes 
are received and handled by 
standard fork truck equipment, 
are readily stacked two or three 
high, and find application in many 
plant layouts. Simple pneumatic 
or mechanical unloading equip- 
ment allows bulk boxes to be in- 
corporated into semi-continuous 
machine feeding operations. 

The collapsible rubber Seald- 
bins have a capacity of 300 cu. 
ft.; each holds approximately 
10,000 Ib. of PVC or polyethylene 
resin and provides an intermediate 
bulk method which gives certain 
handling advantages. Where ware- 
house space is at a premium, 
resin inventories loaded in Seald- 
bins may be maintained in outside 
storage areas adjacent to produc- 
tion areas and may be moved in as 
required. These containers pro- 
vide good product protection, and 
the unit quantity is in some cases 
large enough to be fitted success- 
fully into automated processes, 
Special lift truck or monorail 
equipment is required for in-plant 
handling of Sealdbins, as well as 
unloading cradles and conveyor 
systems for transfer of contents. 

Special covered hopper cars 
have been developed for shipment 
of resins in quantities ranging 
from 100,000 to 145,000 lb. per car. 
This method may be regarded as 
the ultimate in bulk transporta- 
tion, since it delivers in one pack- 
age the largest unit load possible 
with conventional means. Flex- 
ibility of mixed shipments is made 
possible by compartmentation of 
hopper cars into two or three sec- 
tions, and product quality is 
assured by application of baked 
interior car linings and other con- 
trols. Unloading of hopper cars is 
through pneumatic conveying sys- 
tems to silo storage, to the process- 
ing point direct, or to in-plant 
containers. 
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EXTRUDER DESIGN 


Extrusion is the term applied to 
the process of shaping a plastic 
material by forcing it through a 
die orifice. This article describes 
the basic technology of extru- 
sion, and the standard elements of 
single-screw extruders. 

Components found in all stand- 
ard extruders are illustrated in 
Fig. 1, below. The plastic mate- 
rial is fed from a hopper through 
the feed throat into the channel 
of the screw. The screw rotates in 
a barrel which has a hardened 
liner. The screw is driven by a 
motor through a gear reducer, 
and the rearward thrust of the 
screw is absorbed by a thrust 
bearing. Heat is applied to the 
barrel from external heaters, and 
the temperature is measured by 
thermocouples, As the granules 
are conveyed along the screw 
channel, they are melted. The 
melt is forced through a breaker 
plate which in some cases sup- 
ports a screenpack. The melt then 
flows through the adapter and 
through the die. 

The size of single screw extrud- 
ers is described by the inside di- 
ameter of the barrel. Common 
sizes of standard commercial ex- 
truders are 14%, 2, 244, 3%, 344, 
4%, 6, and 8 inches. Machines 
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larger than 8 in. are usually made 
on a custom basis. 

Average capacities expected 
from the various sizes of plasti- 
cating extruders are shown in Fig. 
2, p. 690. Only average capacities 
are shown—the actual output will 
depend upon design specification, 
and upon the particular job the 
machine is required to do. 


Screws 


Several common screw designs 
are shown in Fig. 3, p. 690. A 
sketch of a widely used metering 
type screw is shown in Fig. 4, p. 
691. The channel depth is greatest 
in the feed section. In the transi- 
tion section, the depth decreases 
to that of the metering section. 

The feed and transition sections 
carry the feed granules away from 
the hopper and plasticate them 
into a uniform melt. The metering 
section then pumps the melt at a 
controlled rate through the die. In 
a properly designed screw, the 
metering section largely controls 
the output from the screw and 
maintains it at a uniform rate. In 
fact, this is why this type screw is 
called a “metering screw.” 


Barrels 


The barrel provides one of the 
surfaces for imparting shear to 
the resin and a surface through 
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which heat transfer to the plastic 
can take place. 

The length-to-diameter (L/D) 
ratio of an extruder is an impor- 
tant design specification. This ra- 
tio is the effective length of the 
machine (from the rear of the feed 
hopper to the breaker plate) di- 
vided by the nominal diameter 
(inside diameter of the barrel). 
The length-to-diameter ratio in- 
dicates the extent of the surface 
available for heat transfer to the 
resin, and the amount of mixing 
to which material may be exposed 
within the extruder. Length-to- 
diameter ratios for plasticating 
extruders normally range from 
16/1 to 24/1. 

Extruder barrels may be heated 
electrically, either by resistance or 
induction heaters, or by means of 
jackets through which oil or other 
heat transfer media may be cir- 
culated. 

Electric heating of the barrel 
offers the advantages of rapid re- 
sponse, zone temperature control, 
and operating temperatures be- 
yond the range of oil heat. Elec- 
tric resistance heaters can be 
made in a wide range of sizes, 
shapes, and watt densities. 

Circulation of heat transfer 
fluids in jacketed barrels permits 
efficient heat removal from the 
resin being processed as well as 


FIG. 1: Diagrammatical presentation of component parts found in all standard single-screw extruders 
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FIG. 2: Average capacities of 
plasticating extruders 


heat transfer to the material. Elec- 
trically heated barrels may be 
cooled by the use of blowers, 
cooling water, or vapor condens- 
ing systems. Heat removal be- 
comes important if the resin tends 
to overheat due to excessive work- 
ing in the screw channel. 


Extruder-drives 


An extruder must be equipped 
with a variable-speed drive, if it 
is to be operated at different pro- 
duction rates and with resins of 
different extrusion characteristics. 
Both mechanical and electrical 
variable speed drives are used. 

Mechanical: In a mechanical 
variable speed drive, an adjustable 
sheave and belt or a ball and cone 
device is used to obtain an ad- 
justable output speed. Mechani- 
cal variable-speed drives are sel- 
dom used on extruders requiring 
more than 25 horsepower. 

Electrical: Two types of electri- 
cal speed control systems are 
available. One uses a variable 
speed DC motor and the other an 
AC motor in combination with a 
magnetic eddy-current clutch. 
Both give more accurate speed 
control and a wider range of 
speed adjustments than mechani- 
cal drives. 

The average drive power nor- 
mally supplied with standard ex- 
truders is shown in Fig. 5, p. 691. 


Screw dimensions 


The dimensions of a screw pump 
are shown in Fig. 6, p. 691. The 
diameter of the barrel is shown as 
D. The angle that the flight makes 
with a line perpendicular to the 


screw is called the helix angle 
(¢). In many screws the flight 
advances a distance equal to one 
diameter in one turn of the screw. 
This corresponds to a helix angle 
of 17.7 degrees. The distance that 
the flight advances in one full 
turn of the screw is called the 
lead (t). The flight land is the 
surface of the flight next to 
the barrel wall. The width of the 
land and clearance between the 
flight and the barrel wall are 
shown by the symbols “e” and 
“3,” respectively. The land clear- 
ance is usually so small that the 
screw and barrel diameters can 
be assumed equal for most pur- 
poses. The space between the 
flights is called the channel. The 
width of this channel is shown as 
“w” and the depth as “h.” 


Screw sections 

A metering type 
screw has three sections: feed 
section, transition section, and 
metering section. The action tak- 
ing place in the various screw 
sections, however, may not fully 
correspond to the names of the 
sections. For example, true solids 
feeding occurs only in the very 
first turns of the screw, and not 
necessarily along the entire feed 
section as it is machined into the 
screw. The feed section plasticates 
in addition to feeding the solid 
material. 

The feed section is designed to 
have a greater conveying capacity 
than the subsequent sections of 


extruder 


the screw so that the rest of the 
screw will never be “starved.” 
Equations have been developed 
which describe the feeding of 
solid granules in extruder screws. 
The following conclusions are 
reached from these equations: 

1) The less friction there is be- 
tween the screw and the granules, 
the faster the granules will be 
conveyed. 

2) The more friction there is 
between the barrel and granules, 
the faster the plastic is conveyed. 

3) The optimum helix angle 
depends upon the coefficient of 
friction between the plastic and 
the metal surfaces of the extruder. 
In most practical cases this angle 
is between 15 and 20 degrees. 

In its path along the feed and 
transition sections of the screw 
the resin goes through a phase 
change from a solid to a viscous 
melt. When the resin reaches the 
end of the transition section, plas- 
tication should be complete with 
the plastic a uniform melt. 

The channel depth in the meter- 
ing section is less than in any 
other section of the screw. For 
this reason, primarily, the meter- 
ing section controls the behavior 
of the entire screw and estab- 
lishes the rate at which the screw 
will pump. The performance of 
this section of the screw can be 
handled in mathematical terms. 


Drag flow 


The forward conveying or 
pumping of the resin caused by 


FIG. 3: Designs of several common types of extruder screws 
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the relative motion between the 
screw and the barrel is called 
“drag-flow.” Drag-flow describes 
a definite pattern of resin move- 
ment within the screw channel. 
The average velocity of the poly- 
mer in the direction along the 
channel is % m DN cos 6 where 
D is the diameter, N the screw 
speed, and 9 the helix angle. 

The drag-flow pumping rate is 
found by multiplying the average 
velocity by the cross-sectional 
area of the screw channel: 


a DN cos ¢ hw 
qi = et ae oe (1) 


where: qg = volumetric drag- 
flow rate (in.3/sec.); D = barrel 
inside diameter (in.); ¢ = helix 
angle; h = channel depth (in.); 
w = channel width (in.); and N 
= screw speed (r.p.s.). 

Drag-flow is independent of 
the properties of the plastic being 
processed. The melt temperature 
and melt viscosity do not affect 
this basic relationship. 


Pressure flow 


Up to this point nothing has 
been said about what happens 
when the discharge from the ex- 
restricted, as occurs 
when a die is placed on the ex- 
truder. In this situation, the pres- 
sure at the end of the screw 
reases and since a screw ex- 
der is not a positive displace- 
ment pump, the discharge rate 
decreases. As drag-flow, described 
in Equation (1), is not influenced 
by the discharge pressure, it is 
obvious that drag-flow alone can- 
not characterize extruder per- 

ance, 

is possible to account for the 
ge in output if a pressure- 
ndent flow is imagined in the 
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FIG. 5: Average extruder drive power 


screw channel along with the drag 
flow. This flow, which usually de- 
tracts from the drag-flow, is called 
“pressure flow.” It is often con- 
venient to picture this pressure- 
flow as a reverse flow back along 
the helical channel away from 
the discharge end. It is important 
to remember, however, that this 


is only a convenience and that no 
real reverse flow ever exists in 
standard extruder operation. The 
polymer at every point within the 
channel always moves in the gen- 
eral direction towards the die, and 
never backwards along the screw 
axis. 

The amount of pressure flow 
which takes place depends on the 
polymer viscosity, the pressure 
difference across the metering 
section, and the screw geometry: 


h'w si 
en «EE (2) 
12uL 


where: q, = volumetric _pres- 
sure-flow (in.3/sec.); h = chan- 
nel depth (in.); w = channel 
width (in.); © = helix angle; 1 = 
polymer viscosity (lb.-sec./in.*) ; 
P = pressure difference across 
metering section (p.s.i.); and L = 
length of metering section (in). 
If it is assumed that the pressure 
at the upstream end of the meter- 
ing section is zero, P simply be- 
comes equal to the die pressure. 

One of the variables (w) in 
both the drag-flow and pressure- 
flow terms may be eliminated by 
making the assumption that the 
land width (e) of the flight is 
negligible compared to the chan- 
nel width. If this is done, the chan- 
nel width is related to the screw 
diameter and the helix angle by: 
w = 7D sin 9. 

In addition to the drag flow 
and pressure flow in the screw 
channel, there exists the flow of 
polymer through the clearance 
between the flight lands and the 
barrel wall. Since the land clear- 


FIG. 6: Points for dimension measurements in extruder screw pump 
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ance usually is very small, this 
leakage flow is generally insig- 
nificant and can be neglected. 


Predicting extruder 
performance 

Extruder flow equation: In a 
properly designed extruder, the 
performance is controlled largely 
by the metering section of the 
screw. For this reason, much can 
be learned about the behavior of 
the entire extruder by examina- 
tion of the performance of the 
metering section. If leakage flow 
is neglected, the net discharge 
rate from an extruder is equal to 
the drag flow minus the pressure 
flow, as shown in equations (3) 
and (4). 


q = dd — dp (3) 
m* D*Nh sin ¢ cos @ 
qd Ss 
2 
@ h'D sin’ @ P 


(4) 
2nuL 


It is important to note that cer- 
tain assumptions have been made 
in the derivation of this simplified 
extruder flow equation. Isother- 
mal conditions and a Newtonian 


viscous behavior of the resin are 
assumed. Also, edge effects of the 
screw flights and curvature of the 
channel have been neglected. 
Equations which take into ac- 
count edge effects and curvature 
of the channel have been derived 
for isothermal conditions. Also, the 
non-isothermal case has been 
analyzed and different flow equa- 
tions for adiabatic conditions make 
it possible to calculate tempera- 
ture rises of melts in the screw 
channel. However, the latter 
equations are considerably more 
difficult to apply than the simpli- 
fied equations presented here. A 
detailed and complete description 
of these more elaborate calcula- 
tions has been published (1)! 
Effect of discharge pressure: 
The extruder performance may 
be conveniently plotted as a graph 
of the extruder output vs. the die 
pressure (Fig. 7, above). If the 
pressure at the upstream end of 
the metering section is assumed 
to be zero, then P represents the 
die pressure. This plot of the ex- 
truder performance is called the 
“screw characteristic.” At “open 
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discharge,” that is, with no die 
on the extruder, the head pressure 
is zero and the discharge rate is 
a maximum equal to the drag- 
flow. As the head pressure is in- 
creased by restricting the flow, the 
discharge rate is decreased as the 
pressure flow increases. 

Effect of screw speed: Increas- 
ing the screw speed causes a pro- 
portionate change in the drag 
flow. The pressure flow remains 
unchanged, and the screw char- 
acteristics at different speeds are 
parallel, if the average viscosity 
of the melt in the channel does 
not change (Fig. 7, left). 

Effect of metering section length 
and polymer viscosity: From 
Equation (4) it can be seen that 
neither metering section length 
nor polymer viscosity affect the 
drag flow. However, an increase 
in the length of the metering sec- 
tion or in the melt viscosity de- 
creases the pressure flow at any 
given discharge pressure. These 
effects are shown graphically in 
Fig. 8, left. 

Effect of channel depth: Equa- 
tion (4) shows that drag flow 
increases directly with the chan- 
nel depth, while pressure flow in- 
creases as the cube of the channel 
depth. This means that a deep 
screw will deliver more than a 
shallow screw at low pressures, 
but usually less at high pressures, 
because the large pressure flow 
in a deep screw detracts greatly 
from its pumping rate. This re- 
lationship is shown graphically in 
Fig. 9, p. 693. 

To achieve a given output, a 
shallow screw turning rapidly is 
generally preferred to a deep 
screw, turning slowly. The reason 
is that the shallow screw gives a 
more uniform delivery, since it is 
less sensitive to variations in 
pressure at the die (caused, for 
example, by changes in die tem- 
perature) or at the upstream end 
of the metering section (caused 
by erratic feeding or plasticating). 
The minimum depth is limited, 
however, as the melt can be over- 
heated from too much mechanical! 
working with a screw which is 


too shallow. 


Screw-die relationship 


A discussion of extruder per- 
formance would be incomplete 
without mention of the die, since 
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both the die and the screw com- 
bine to determine the over-all 
performance of the extruder. 

As the pressure behind the die 
is increased, the discharge rate 
through the die increases. The re- 
lationship between the die 
throughput rate and pressure is 
called the “die characteristic,” as 
the relationship between the ex- 
truder throughput rate and pres- 
sure is called the “screw charac- 
teristic.” The resistance to flow, or 
the pressure required to maintain 
the desired flow rate, decreases as 
the die opening becomes larger or 
the die length becomes shorter. 
The characteristics for dies having 
a large and a small opening are 
plotted in Fig. 9, right. Screw 
characteristics for a deep and a 
shallow screw are shown on the 
same graph. The “operating point” 
occurs at the intersection of the 
characteristics for the screw and 
die that are being used. 

With the large die opening, the 
shallow-channel screw will op- 
erate at point “A” while the deep- 
channel screw will operate at “B.” 
In this case, the deeper screw will 
deliver more per turn of the screw. 

With the small die opening, the 
shallow-channel screw will op- 
erate at point “C” while the 
deeper screw will operate at “D.” 
In this higher-pressure operation 
the shallower screw delivers more 
at the same screw speed. - 

For a given die, more pressure 
is required to force a high vis- 
cosity melt through at a given rate 
than a low viscosity melt. At the 
same time, however, the screw is 
able to generate more pressure 
with a high viscosity resin. The 
net result is that as the melt vis- 
cosity increases, the pressure at 
the head of the screw increases, 
but the discharge rate remains 
unchanged. Ideally the extruder 
output is independent of resin 
viscosity but the power required 
by the screw increases with resin 
viscosity. The power delivered by 
the screw is converted to heat and 

ises an increase in temperature 

the melt. It is for this reason 
overheating is more trouble- 
» with the more viscous poly- 


actual practice, the output 
’ change somewhat if the over- 
temperature of the extruder 
die is changed, or if a resin 
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FIG. 9: Effect of the 
depth of screw channel 
(solid lines) and die open- 
ing (dashed lines) on 
flow rate and pressure 
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having a different viscosity is used. 
This occurs because the feed pick- 
up rate and the plasticating rate 
of the extruder are affected by a 
change in extruder temperature 
and have an influence on the per- 
formance of the machine. 

Die flow equations: Equations 
(5) and (6) can be used to calcu- 
late the flow rate or pressure drop 
through many types of dies, as- 
suming isothermal conditions and 
Newtonian viscous behavior. 

Equation (5) applies to dies 
which have a simple circular hole. 
The volumetric output (q) is re- 
lated to pressure drop (P), die 
radius (R), die land length (Lp) 
and melt viscosity (1). 


a PR‘ 
8uLlp 

Equation (6) defines the be- 
havior in a slit type die of which 


there are two general kinds, 
straight slits and annular slits. 


q = (5) 


P wp hp’ 
12 uLp 


Flat film and sheeting dies are 
examples of the first kind, and 
tubing and pipe dies of the second. 
The same equation covers both 
cases as an annular die is just a 
straight die bent into a circle. The 
volumetric output (q) is related 
to presure drop (P), die opening 
(hp), die width (wp), die land 
length (Lp), and melt viscosity 
(u). For tubing dies an average 
circumference is used in place of 
the die width (wp). Figure 10, p. 
694, shows slit type dies with the 
dimensions indicated. 


(6) 


Head Pressure, P 


Even dies with relatively com- 
plex flow passages can be analyzed 
using these equations, because the 
over-all die assembly can usually 
be broken down into simple com- 
ponents, and calculations of pres- 
sure drop over each component 
can be made. The pressure drop 
over the whole die should approx- 
imate closely the sum of the pres- 
sure drops over the components. 

For calculations involving both 
the extruder flow equation and a 
die flow equation, it should be 
noted that the output (q) of the 
extruder is identical to the flow 
through the die. Similarly the 
pressure (P) at the extruder head 
is also the pressure at the die inlet. 
If the assumption is made that the 
viscosity of the melt in both the 
extruder and die is the same, 
the extruder and die equations 
can be solved simultaneously. 


Selection of melt 
viscosity values 

Covering the range of polymer 
processing operations (extrusion, 
molding, and thermoforming) and 
conditions, viscosities of melts 
differ by a factor as large as a 
million. For any one resin, the 
viscosity will vary with tempera- 
ture and shear rate. 

Data on viscosity over a range 
of temperatures and shear rates 
are available for most commer- 
cial resins and have been pub- 
lished in graph form (1). 

Selection of viscosity values to 
be used in any of the equations 
cited here must take into ac- 
count both the temperature of 
the melt and the shear rate. The 
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average shear rate in a screw 
channel can be calculated from 
Equation (7). 


x DN 
Shear rate (screw channel) = ; 


The shear rate in round orifice 
or slit dies can be determined us- 
ing Equations (8) and (9). 


4 
Shear rate (round orifice) = me (8) 
nr R* 


6 
Shear rate (slit die) = — : (9) 
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Instrumentation 


Temperature: Extruder barrel 
and die body temperatures are 
measured by thermocouples in- 
serted into the metal walls. These 
same thermocouples actuate tem- 
perature controllers that regulate 
the electrical power input to the 
barrel and die heaters. If the ex- 
truder barrel is provided with 
water or air cooling, these same 
controllers may also be used to 
adjust the amount of cooling. 

It should be noted that the 
temperature of the metal walls of 
the extruder is almost never the 
same as that of the melt. In many 
extrusion operations, most of the 
heat in the resin is generated 
from the mechanical work dissi- 
pated by the screw in shearing the 
melt. The polymer melt tempera- 
ture is therefore often higher than 
the barrel temperature. If much 
of the heat is supplied by con- 
duction through the barrel from 
heaters, the polymer may be 
cooler than the barrel. 

Pressure: The pressure at the 
head of the screw can be meas- 
ured readily, and serves to gage 
the resistance to flow in the die 
and adaptor system. 

The simplest device to measure 
pressures of plastic melts is a 
Bourdon tube pressure gage filled 


Pil 


with a silicone grease. The gage 
may be provided with a standard 
fitting so that it can readily be 
installed in the die adaptors of 
most extruders. 

Sensing devices and recorders 
which can measure very minute 
and rapid changes of pressure and 
temperature are also available. 
For these more precise determi- 
nations, temperature is measured 
with an unshielded thermocouple 
and pressure with a _ specially 
mounted strain cell. These more 
elaborate instruments have been 
described in the literature (2). 

It is possible to control extruder 
head pressure by changing the 
resistance to flow in the die. This 
may be accomplished by installing 
a valve in the die or adaptor or 
by using screenpacks of varying 
mesh size. 

Adjustment of the resistance to 
flow through the adaptor and die 
system influences the amount of 
“working” that the polymer re- 
ceives in the screw channel. Fluc- 
tuations in melt temperature and 
in the rate of delivery can some- 
times be reduced by increasing 
the resistance to flow through the 
die and adaptor system. 

Screw speed: The output of an 
extruder equipped with a well de- 
signed metering screw varies al- 
most in direct proportion to the 
screw speed over most of its use- 
ful operating range. Only at high 
speeds does the output “taper off” 
as the limit of the plasticating ca- 
pacity of the extruder is ap- 
proached, Screw speed adjustment 
gives the operator his most direct 
control over the discharge rate 
of the extruder. The screw speed 
is often indicated by a conven- 
tional tachometer. 

Screw power: The operator nor- 
mally has very little direct con- 
trol over the power that is de- 
livered by the screw to the resin 
at a given screw speed. Changing 
the barrel temperature will affect 


FIG. 10: Dimensions used in the die flow 
equation (6 on p. 693) for behavior in 
slit type dies. Annular die (at right in 
drawing) is a rolled-up version of a 
straight slit die (left) 


the power consumption to some 
extent. For example, lowering the 
front barre] temperature will in- 
crease the power requirement be- 
cause of an increase in melt vis- 
cosity. 

It is interesting to note that the 
screw power actually required to 
generate pressure is a very small 
portion of the total screw power 
—seldom more than 10 percent. 
Most of the screw power is used 
in plasticating and raising the 
temperature of the resin. 

It is possible to estimate the 
power delivered by the screw 
from the power required by the 
motor. Usually the operator is 
interested only in a relative meas- 
ure of screw power. A motor am- 
meter or wattmeter reading pro- 
vides this information. 

A sudden decrease in the motor 
amperage may indicate a “bridg- 
ing” of the feed granules in the 
screw channel. An amperage in- 
crease could be caused by cooling 
of a barrel section due to heater 
failure. An erratic motor am- 
perage often indicates uneven 
feeding or pick-up of the granules 
in the extruder. 

Automatic cut-outs are usually 
installed to protect the extruder 
and drive, if the motor amperage 
exceeds a maximum limit. 
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ADAPTOR AND DIE DESIGN 


Modern extruder and screw de- 
signs are based on the theory that 
the plastic material can be heated 
to the desired level in the screw 
by an appropriate combination of 
conducted heat and frictional 
working. Also taken into con- 
sideration is the fact that me- 
chanical and thermal homogeniza- 
tion can be completed prior to 
exit from the screw. While this 
ideal can be accomplished by 
proper screw design for a specific 
material and extruded product, it 
is common experience that a 
single screw design will not give 
ideal performance for all ma- 
terial types and operating re- 
quirements. One of the major 
variables influencing the degree 
of mixing and product quality 
is the pressure created by the re- 
sistance to flow offered by the 
screen pack, breaker plate, adap- 
tor, and forming die. Additional 
control of the pressure variable 
can be achieved by insertion of 
an adjustable valve between the 
screw and the die, thereby in- 
creasing the useful range and 
output of an existing screw in 
many applications. Design con- 
siderations for these elements of 
the extrusion process are dis- 
cussed in this article. 


Screen packs 


Screen packs have been used, 
historically, to filter out gross 
contamination and stray foreign 
matter, to develop back pressure, 
and to reduce screw pulsations or 
“surging.” The first of these 
is now considered the only legiti- 
mate need for screening and may 
be particularly essential in opera- 
tions involving recovery of re- 
workable materials. A 20-40-60 
mesh screen combination is usu- 
ally sufficient for this purpose, 
although a final screen as fine as 
100 mesh is sometimes used. Need 
for heavy sereen packs to de- 
velop pressure or reduce surging 

eflects an inherent weakness in 

w design and should be cor- 

ted by screw modifications or 

other means of pressure con- 

| such as a valve or fixed 
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orifice. It has been shown (1)! 
that a large number of fine mesh 
screens may be required to de- 
velop enough pressure to produce 
any real improvement in per- 
formance with an improperly de- 
signed screw. Screens are gen- 
erally made of stainless steel. 


Breaker plates 


The primary purpose of the 
breaker plate is to serve as a re- 
tainer for the screen pack. It is 
traditionally located in the end 
of the barrel and also serves as 
a sealing medium between the 
barrel and a removable adaptor 
or head assembly. Principles of 
good breaker plate design have 
been discussed (2). In general, it 
should have as many small di- 
ameter (% to %e in.) holes as 
possible. The holes should be 
countersunk on both sides, and the 
outside ring of holes should be 
as near to the edge of the barrel 
wall as possible to eliminate dead 
areas. The inside surface is fre- 
quently recessed to provide space 
for the screen pack. A typical 
breaker plate assembly of good 
design is shown in Fig. 1, below. 
Seating areas protruding from 
both sides of the plate permit easy 
resurfacing for proper sealing. 

When breaker plates are used 
with low resistance, heavy-wall 
strip or sheeting dies, weld lines 
are sometimes visible in the 
finished product due to incom- 
plete fusion of the individual rods 
leaving the breaker plate. Slotted 
breaker plates are helpful in mini- 
mizing such defects. 

Certain areas in the vicinity of 


FIG. 1: Breaker plate 
and adaptor design for 
minimum hang-up. Seat- 
ing areas. protruding 
from both sides of the 
plate permit easy resur- 
facing for proper seal- 
ing in assembly 
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the breaker plate are potential 
sources of material hang-up and 
decomposition. If the end of the 
screw is flat, polymer at the 
center is not forced through the 
breaker plate and may decom- 
pose in this area on both sides 
of the breaker plate. For this rea- 
son, the end of the screw should 
be tapered or rounded. 

Another troublesome hang-up 
area is at the wall of the adaptor 
leading away from the breaker 
plate. Due to the natural adhe- 
sion of polymer melts to metal 
surfaces, the material moves 
much more slowly along the wall 
than through the center. In ex- 
treme cases, material can become 
stagnant along the wall, resulting 
in decomposition or, at best, ex- 
tremely long purging times for 
color changes. It has been shown 
(1) that this effect is minimized 
if the included angle of entry to 
an adaptor or die is 60° or less. 
In spite of such precautionary 
measures, this area is frequently 
a serious source of trouble in ex- 
trusion of thermally-sensitive 
materials such as rigid and plas- 
ticized vinyl compounds, par- 
ticularly in the larger diameter 
extruders. Considerable improve- 
ment has been experienced with 
the tapered approach and breaker 
plate system also illustrated in 
Fig. 1. This system forces ma- 
terial to flow along the surface 
of the pointed screw nose, sweep- 
ing this area clean. It also re- 
duces the entrance angle and 
volume of material in the adaptor 
proper. While there is some sacri- 
fice in screen area, increased run- 
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FIG, 2: One type of valv- 
ing uses a restriction be- 
tween the screw nose and 
a conical ring mounted in 
the end of the barrel. 
This system incorporates 
desirable streamlining and 
reduced hang-up features 








FIG. 3: Another type of 
valving is a_ simple 
needle-type valve—less 
expensive than the mov- 
able screw, but probably 
not as suitable for more 
heat-sensitive materials 











ning time and reduced purging 
time resulting from reduced 
hang-up in the adaptor over- 
weigh this disadvantage. 


Pressure control 


Control of extrusion pressure, 


when desired, can be accom- 
plished in several ways. One 
method uses a restriction be- 
tween the screw nose and a coni- 
cal ring mounted in the end of 
the barrel. This method is shown 
in Fig. 2, above. The screw is 
pushed forward in the barrel, 
either by mechanical or hydraulic 
means at the rear of the thrust 


‘= 


——7 tiny a | 














bearing, reducing the space be- 
tween the screw and the ring. 
Preferably, this adjustment should 
be possible while the screw is in 
motion. Pressure thus developed 
on the material in the screw 
channel is registered on a pres- 
sure gage located as shown in 
Fig. 2. This system incorporates 
the desirable streamlining and 
reduced hang-up features dis- 
cussed in connection with Fig. 1, 
p. 695. 

Other methods of valving in- 
clude needle, plug, and gate type 
valves usually built into the 
adaptor section. A simple needle 


FIG, 4: Pressure gages 
and stock thermocouples 
can be located back of 
the breaker plate (A, left) 
or in the adaptor (B, 
right). In either location, 
thermocouple stem should 
be immersed at least 12 
in. into the plastic stream 


type valve is shown jin Fig. 3, 
left. Other designs are described 
elsewhere (1,3,4). While less ex- 
pensive than the movable screw 
method and generally satisfactory 
for many materials and applica- 
tions, such valves do have poten- 
tial hang-up areas and may not 
be suitable for the more heat- 
sensitive materials. 

Pressure and stock 
temperature measurement 

Readings of extrusion pressure 
and temperature give information 
of extreme value in determining 
optimum operating conditions and 
day-to-day reproducibility of such 
conditions. Grease-filled Bourdon 
type pressure gages, and immer- 
sion type thermocouples for this 
purpose are described in the 
literature (5). The grease-filled 
pressure gage is inexpensive and 
convenient, but introduces the 
possibility of grease contamina- 
tion in the extruded product. This 
is not serious, however, if the 
gage is mounted in the bottom of 
the channel to prevent grease 
run-out during periods of ma- 
chine warm-up. When located 
back of the breaker plate, as in 
A, Fig. 4, left, this gage also will 
indicate pressure increases due to 
clogging of screens. 

The stock thermocouple can 
also be located in the end of the 
barrel, back of the breaker plate 
(A, Fig. 4), or in the adaptor as 
in B, Fig. 4, left. In either case, 
the depth of immersion should be 
at least % in. into the plastic 
stream to minimize any influence 
of the metal wall temperature. 

In older extruders not equipped 
with pressure and temperature 
taps, location of both in the adap- 
tor section is more easily accom- 
plished. Pressure gages .at both 
locations are desirable, if possible. 
Gage A will then indicate total 
pressure, gage B the pressure 
caused by the die resistance, and 
the difference between the read- 
ings of gages A and B will be the 
pressure drop across the breaker 
plate and screen pack. 

Measurements of fluctuations in 
temperature and pressure are fre- 
quently useful in analyzing extru- 
sion problems, since such fluctua- 
tions usually indicate a condition 
of poor mixing in the screw anc 
non-homogeneity in the extrudec 
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product. Extremely sensitive melt 
thermocouples and strain gage- 
type pressure transducers are now 
available (5,6,7) for use with in- 
dicating or recording instruments. 
Use of a pressure transducer, 
while considerably more expen- 
sive than a pressure gage, elimi- 
nates the problem of grease con- 
tamination. 


Forming dies 


The forming die is one of the 
most important and critical ele- 
ments of the extrusion process. It 
must embody all of the principles 
of good streamlining to avoid 
areas of potential hang-up’ and 
decomposition, while maintaining 
uniform flow, pressure, and tem- 
perature conditions over the en- 
tire width and length of the 
opening. It must also contain 
mechanical features, permitting 
easy disassembly for cleaning and, 
in many cases, easy adjustment of 
one or more of the opening di- 
mensions. 

An excellent discussion of the 
fundamentals of die design is 
given in the literature (3). In 
general, simplified mathematical 
relations can be used to estimate 
flow and pressure conditions in 
dies for simple geometrical shapes 
such as rods, tubes, and sheets. 
More complex shapes are not so 
easily treated by these methods, 
however, and die design usually 
becomes a matter of “cut-and- 
try” along with a background of 
previous experience with similar 
configurations. 

Various types of extruding dies 
—rod, film, coating, sheeting, and 
pipe—are covered below. 


The round rod is the simplest 
extruded form and presents no 
particular problem in die design. 
Flared entrances and small angle 
approaches to the flat land area 
give the best results. A typical 
rod die is shown in Fig. 5, above. 
Land L/D ratios of 1.0 to as much 
as 15 or more might be required, 
depending on the diameter and 
material type. Large diameter rod 
dies tend to offer low resistance 
to flow and therefore require low 
pressures. An auxiliary means of 

veloping pressure, such as a 

lve between the screw and the 

e, is often advantageous with 
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FIG. 5 (right): Typical 
rod die with flared en- 
trances and small angle 
approaches to the flat 
land area. FIG. 6 (below): 
Typical die for extrusion 
of flat film or for coat- 
ing film onto a carrier 
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such dies to achieve optimum 
homogeneity in the extruded 
product. 


Flat film and extrusion 
coating dies 

A typical die for extrusion of 
unsupported flat film or for coat- 
ing of a plastic film onto paper or 
other carriers is illustrated in Fig. 
6, above. Streamlined flow is 
achieved through use of a tear- 
drop shaped manifold which 
slopes downward from the port 
of entry toward the die lips at the 
end of the die. This provides a 
path of decreasing resistance to 
flow across the die from the feed 
port to the end, which compen- 
sates for the additional length of 
travel and equalizes the rate of 
exit from the die lips. A secondary 
pressure manifold between the 
primary manifold and the lips also 
helps to achieve a uniform pres- 
sure distribution across the width 
of the die. Further control of the 
flow rate and film thickness is 
accomplished by adjustment of 
the lip opening and by means of 
zoned temperature control. Inter- 
nal surfaces should be highly 
polished and chrome-plated. 

Dies of this type may be fed 
either from the center, in which 
case the primary manifold would 
slope in both directions toward 
the ends, or from one end. The 
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end-feed arrangement is pre- 
ferred for extrusion coating 
operations to minimize potential 
stagnant areas at the end of the 
flow channel and in the adaptor. 

Precise temperature control is 
essential. This can be accom- 
plished through use of saturable 
core reactor type (“stepless”) 
controllers. A heating capacity of 
200 watts per in. of die length is 
usually ample. The heaters should 
be arranged to heat the die as 
uniformly as possible and should 
be balanced on all sides to mini- 
mize heat warpage. 


Tubular film die 


A bottom fed die for extrusion 
of blown tubular film is shown 
in Fig. 7, p. 698. In this type, the 
fluxed polymer is fed into the 
base of the die where it en- 
counters a symmetrical torpedo. 
Flowing up and around the tor- 
pedo, the resin is forced through 
the die lands. Since the land 
length and width of opening are 
uniform at all points around the 
circumference, there is little pos- 
sibility of irregular melt flow. 

In such a die, the torpedo must 
be supported by means of stream- 
lined webs or “spiders.” These 
interrupt the flow and introduce 
the possibility of weld lines due 
to incomplete re-fusion after 
passing the spider. This condition 
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is minimized and usually elimi- 
nated by introducing a further 
restriction or rapid compression 
area above the spider. The die 
shown in Fig. 7 has interchange- 
able, pre-set lips which eliminate 
the necessity for die adjustment. 
This arrangement permits rapid 
changes for clearing or altering 
the lip opening. Modifications 
permitting adjustment of con- 
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centricity can be incorporated into 
this type of die, if desired. 
Many other types of tubular 
film dies are available from 
equipment manufacturers. 


Sheeting dies 

Heavy gage sheeting in the 
range of 0.020 to 0.250 in., or 
greater, is ordinarily extruded 
with a die of the type shown in 














TABLE |: Pipe die dimensions 








Die ID. 








Polyethylene, low- 
density 20% oversize 

Polyethylene, high- 
density 

Vinyl, flexible 

Polypropylene 

Nylon6 




















20-30% oversize 
20% oversize 
20-30% oversize 
5-10% oversize 























Pin O.D. 


Land length 


22% oversize 1 x die diameter 
29-35% oversize 1-3 x die diameter 

on size 2-4 x die diameter 
22-35% oversize 1-3 x die diameter 

5% oversize 10-20 x wall thickness 









Fig. 8, left. An adjustable choker 
bar is inserted between the prim- 
ary distribution manifold and ad- 
justable die lips. This provides 
a means of creating additional 
pressure and the proper pressure 
distribution across the width of 
the die to assist in achieving a 
uniform flow rate and sheet thick- 
ness. 


Pipe dies 

Plastics pipe or tubing is nor- 
mally extruded with a die similar 
to that shown in Fig. 9, p. 699. 
This may be mounted on the ex- 
truder as a “cross-head” to ex- 
trude at 90° or some lesser angle 
to the axis of the extruder. It may 
also be fed through a right angle 
adaptor as an “offset” head ex- 
truding in a direction parallel to 
the extruder axis. The latter is 
more common. Straight-through 
or “in-line” tubing dies, in which 
the internal pin or mandrel is 
supported by means of a spider, 
are also used. Disadvantages of 
this method are: 1) interruption 
of the plastic flow by the spider 
webs may leave weld lines which 
mark and weaken the pipe; and 
2) introduction of cooling water 
to an extended cooling and sizing 
mandrel, such as that shown in 
Fig. 9, p. 699, is difficult to ac- 
complish. 

Several external sizing methods 
are used. Figure 9 shows an ex- 
tended water-cooled mandrel. 
This device fixes the final inside 
diameter of the pipe and is com- 
monly used for pipes over 1.0 in. 
in diameter. The diameter of the 
mandrel decreases about 0.003 in. 
per in. of length, but its over-all 
length may vary from about 4 in. 
to 18 in. depending upon extru- 
sion rate, wall thickness, and 
other factors. Outside diameter 
sizing systems include the use of 
a series of sizing plates or dies 
mounted in the entrance end of 
a water cooling trough, or use of 
an external water cooled sleeve 
into which the extruded pipe is 
expanded by air pressure to fix 
the final outside diameter. O.D 
sizing systems are generally mor: 
difficult to control than the I.D 
sizing method of Fig. 9. 

Normal precautions to achiev: 
streamlined flow in the formin 
head and precise temperatur: 
control should be employed 
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Optimum dimensions of the in- 
ternal pin and forming die de- 
pend upon the material type and 
final sizing method. With O.D. 
sizing devices, the diameter of 
the forming die should be 5 to 
20% oversize, but the pin is usu- 
ally made on size or up to about 
5% oversize. With the extended 
mandrel or LD. sizing system, 
suitable die dimensions for sev- 
eral common plastic materials are 
shown in Table I, p. 698. Materials 
such as rigid vinyl, cellulose 
acetate, and ABS polymer nor- 
mally are externally sized after 
extrusion. 


Wire coating dies 


In the extrusion of primary in- 
sulation or jacketing materials 
onto wire and cable, a cross-head 
is conventionally employed, as 
illustrated in Fig. 10, below. The 
uncoated wire or cable is intro- 
duced into the rear of the head, 
passing through a mandrel and 
guider tip, into the molten plastic 
and finally through a forming die 
which determines the insulation 
thickness and finished diameter. 
The volume of plastic in the head 
is kept as small as possible and 
the flow path as streamlined as 
possible to avoid stagnation. and 
potential hang-up areas and to 
achieve uniform pressure distri- 
bution and flow rates around the 
circumference of the wire. Meth- 
ods of accomplishing these objec- 
tives vary considerably among 
equipment manufacturers. 

Most wires and cables are 
coated by the “pressure” tech- 
nique (shown in Fig. 10), so-called 
because the wire meets the plas- 
tic material while it is still under 
pressure due to the restriction of 
the forming die. In some instances, 
a “tube-on” technique is employed 
in which a concentric guider tip 

xtends through the die to form 

plastic tube. This is then drawn 
lown onto the wire or cable as it 
ives the die. 

The design of the forming die 

y have a critical effect on the 

face smoothness, especially of 

n-wall insulation on small di- 

eter wires at high coating 

eds. Flared entrances and long, 
all angle approaches to the flat 

d area minimize difficulties 

m this source. A land length 

ial to the die diameter is us- 
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FIG. 9: Typical die for extrusion of plastics pipe or tubing 


ually adequate although this may 
vary from zero for some small di- 
ameter constructions to lengths of 
several inches for certain heavy- 
wall coatings on large diameter 
conductors. 

As in all other types of plastic 
extrusion operations, precise tem- 
perature 
cross-heads and dies is essential 
for best results. 


control of wire coating 
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FIG. 10: Cross-head used in extruding plastic onto wire and cable 
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EXTRUDING PROFILES AND SHAPES 


By RICHARD W. HALVERSON* 


When designing profile dies, pro- 
vision should be made for lands 
that are long enough to provide 
a strain-free extrudate of the de- 
sired profile and with a smooth 
surface. Die land is defined as the 
taper-free section just behind the 
point of plastic emergence at the 
face of the die. Extending from 
the periphery of the die orifice, 
the longer the land, the greater 
the retardation of flow. 

In selecting land designs, con- 
sideration of the fringe or reduced 
areas of certain profile shapes, as 
in the case of unbalanced cross 
sections, is necessary. The thicker 
and heavier the cross-section, the 
longer the land needed. There- 
fore, lands for restricted sections 
should be shortened while lands 
for heavier sections should be 
longer. All machining should be 
done from rear of the lands. A 
small fin of steel (approximately 
0.020 in. wide) should be left be- 
tween the approaches to the dif- 
ferent planes of the land lengths. 
This will assist in directing the 
flow into all zones at the same 
rate and will give a definite junc- 
tion parting between extruded 
angles. 

The extrusion of elastomeric 
and rigid vinyls requires extreme 
care in die design. Complete re- 
moval of all points of stagnation 
in the die land and approaches 
is a “must,” to eliminate decom- 
position and deterioration of the 
extrudate. Many dies require 
such varied blending of the ap- 
proaches of the die that it is not 
advisable to sacrifice streamlining 
in order to be able to maintain a 
given die length. 


Water bath cooling 

Vinyl, polyethylene, and the 
acetates are often extruded into 
a water bath. The air gap be- 
tween the die and water quench 
is a highly important variable: a 
short air gap may give a thinning 
of cross section dimensions and 
a gap that is too long may cause 
section thickening. The dimen- 
sions of the shape are also greatly 
~ * Extrusion Engineer, formerly with Ace 


Plastics Co., 91-30 Van Wyck Expressway, 
Jamaica 35, N.Y. 


affected by the angle of approach 
into the water bath. The extru- 
date is generally thinnest if car- 
ried in a straight line from the 
die. This is not always possible in 
all shapes and the die is usually 
adjusted so as to compensate for 
any such variations that are likely 
to occur, 

Temperature of the bath is also 
critical and many materials will 
show considerable strain if the 
extrudate enters a water quench 
that is too cold. A water tank that 
is partitioned so that the water 
temperature in individual sec- 
tions can be controlled should be 
considered for all plastics to gain 
maximum operating flexibility. 
Built-in immersion heaters ther- 
mostatically controlled for each 
section of the water tank, with a 
recirculating pump for the hot 
water section, will help insure 
constant draw-down and gener- 
ally produce fewer strains in the 
extrudate. A wetting agent added 
to the front section of the water 
tank also helps considerably in 
removing surface striation that 
might be caused by “drag” through 
fixtures or jigs. 

In the extrusion of heavy pro- 
files it is important that the ma- 
terial be cooled to a low enough 
temperature so that additional 
shrinkage does not take place 
after the inspector has checked 
and passed the size. Proper cool- 
ing often calls for a water tank 
which is too long for the space 
available. Cooling can be expe- 
dited by the use of small flexible 
water nozzles which can be di- 
rected on to the plastic in the 
water bath. Thus, the film of 
water that is next to the plastic 
and acts as an insulator is dis- 
lodged and replaced with a cold 
water film. 

Flexible nozzles similar to 
those used on commercial oil cans 
seems to be ideal since they pro- 
vide small jets of water with 
enough force to do the job and 
can be preferentially directed 
onto the heavier section of the 
profile while the insulating water 
film remains on the thinner sec- 
tion. By using these nozzles, 
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warp-free profiles can be achieved 
with a shorter extrusion take-off 
train. 


Tubing and pipe 


Thin-wall polyethylene tube is 
usually extruded from a die with 
a land length between % and %e 
of an inch. For heavier wall tub- 
ing, land lengths vary between 
¥%, and % of an inch. When ex- 
truding small tubing and various 
small profiles, the greater the 
draw-down used the easier it will 
be to hold size. Dies with a linear 
dimension of 1%e6 in. have been 
used to extrude profiles as small 
as % in. across and tubing dies 
with a diameter of 0.350 in. have 
been used to produce tubing of 
%, %e, and % in. diameter. It is 
interesting to note that, in sizing 
tubing dies, many extruders use 
a pin or mandrel 20% smaller 
than that indicated by the over- 
all draw-down percentage that 
will be used. 

In the extrusion of polyethyl- 
ene and rigid vinyl tubing and 
pipe, many cooling methods can 
be used, but two seem to be most 
popular. In one method, a tapered 
water-cooled mandrel protrudes 
into the interior of the pipe and 


EXTRUSION COATING 


Jn a few short years, polyethylene 
has become the prodigy and the 
workhorse of the packaging field. 
It can be extruded onto paper, 
paperboard, foil, cellophane, other 
films, and in combinations. It has 
excellent moisture barrier prop- 
erties, impermeability to most 
chemicals, heat sealability, low 
temperature flexibility, toughness, 
strength, and, above all, economy. 
From 1953 to 1960 the yearly 
industry volume for extrusion 
coating increased from 11 million 
to 33 million pounds. A prediction 
of another threefold increase from 
1960 to 1963 has already had 
some concrete justification. In 
1959 alone there was an increase 
to over 50 million pounds. 
Much of this optimism is based 
upon significant advances in ex- 
mn coating technology, which 
hav reached the commercial lev- 
iring the past year. The latest 


n Carbide Plastics Co., Div. of Union 
> Corp., 270 Park Ave., New York 


SION COATING WITH POLYETHYLENE 


is insulated from the die mandrel. 
The rear section of the water 
cooled mandrel is usually the 
same diarneter as the die mandrel 
and tapers down to the finished 
LD. of the tubing or pipe. The 
tubing or pipe is further cooled 
on the outside, using a water ring 
to freeze the O.D. as it leaves the 
mandrel. 

In the second method, the tube 
passes through a water cooled 
outside forming box. This requires 
a well regulated air supply on the 
inside of the tube to force the 
plastic against the inside of the 
water-cooled box. Take-off pull 
rolis are used to take away the 
tube and to control the contact 
of the plastic against the walls of 
the box. It is usually necessary to 
plug the open end of the tube or 
pipe and have a “bleeder” disk 
in the pipe to control the air pres- 
sure. 


Profiles and rods 


Nylon and polypropylene pro- 
files are best extruded with a long 
barrel machine in which the ma- 
terial enters the die at the proper 
temperature. The die is used only 
to give the shape desired and 
maintain the stock temperature. 


WITH POLYETHYLENE 


coating equipment can run at 
speeds considerably higher than 
the old top limit of 500 ft./min. 
But until very recently there was 
no resin available that could take 
advantage of this speed. Standard 
materials presented problems of 
draw resonance and consequent 
lack of thickness control. 

The surging problem was am- 
plified many-fold in preliminary 
attempts to coat with high-density 
resins. The functional advantages 
of high-density materials were 
well known—better barrier prop- 
erties, greater stiffness, better slip, 
abrasion resistance, to name only 
a few—but early resins could not 
be run at speeds anywhere near 
those required in commercial 
practice. And even at low speeds, 
the minimum coating weight was 
far too high. 

As a result of basic polymer re- 
search, a high-density compound 
is currently available which can 
be processed at rates higher than 


A thermocouple measures the 
temperature of the material as it 
leaves the die and a pressure gage 
helps to establish the proper ex- 
trusion conditions as well as to 
give an immediate indication of a 
fouled screen pack. The dimen- 
sion of the die can vary from two 
to four times the linear dimen- 
sion of the extruded product. In 
certain unbalanced profiles, part 
of the land may be 1% in. long 
and restricted parts may have a 
land only % in. long. 

Nylon and polypropylene rods 
present a different problem. Dies 
are usually 6 in. or more long 
with a 4:1 draw-down on small 
size rods, which can be run into 
a hot water quench. Larger size 
rods are extruded the same size 
as the die opening and passed 
through a long Teflon-lined cham- 
ber to eliminate voids. Many ex- 
truders use extension dies as long 
as 20 ft. for producing large di- 
ameter rods. 

Most profile dies used in ace- 
tate extrusion have a restricted 
cross section that is usually 40 to 
70% larger than the finished ex- 
trudate and have a land length 
that is generally on the order of 
% to % of an inch. 


By FRED TITTMAN* 


250 ft./min., and at coating 
weights as low as 6 Ib./ream. 
There is also a low-density ma- 
terial which gives draw reso- 
nance-free performance at speeds 
of at least 500 ft./min., at coating 
weights down to 4 lb./ream. 
There have been other recent 
developments. New medium-den- 
sity compounds strike a balance 
between the desirable properties 
of high-density and those in 
which low-density have excelled 
—notably heat sealability and 
high production speeds; a purg- 
ing compound which allows clean- 
ing of extrusion equipment with- 
out interrupting production and 
job schedules; silicone rubber 
pressure rolls that allow a single 
roll to serve for all stock widths 
because of the ease of trimming; 
the nitrogen blanket techniques to 
help control the amount of oxida- 
tion polyethylene undergoes be- 
tween die orifice and chill roll, 
giving a marked improvement in 
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FIG. 1; Schematic view of commercial extrusion coating operation 


heat sealability while maintaining 
good adhesion between the poly- 
ethylene and the substrate. 


Direct lamination 


The technique of extrusion 
coating consists of direct lamina- 
tion of an extruded molten flat 
film against the substrate as it 
passes between pressure rolls, and 
hence is sometimes referred to as 
extrusion lamination. Extrusion 
coating equipment is specialized, 
generally consisting of large, 
long-barreled, electrically heated 
extruders and flat film dies with 
heavy duty unwind and windup 
equipment. 

Figure 1, above, is a schematic 
view of the commercial extrusion 
coating operation. The substrate 
is passed between the nip of two 
rolls, where it comes in contact 
with the hot web from an ex- 
truder. Pressure is applied by the 
rolls to achieve the lamination. 


One roll is a water-cooled metal 
chill roll which solidifies the poly- 
ethylene. This roll is driven and 
draws the extruded film to the 
desired thickness. The other is a 
rubber surfaced pressure or 
“back-up” roll. After trimming, 
the coated stock is wound into 
rolls and usually slit to desired 
widths in a subsequent step. 

Commercial webs usually run 
3 to 6 ft. wide at web speeds 
ranging from 125 to over 500 ft./ 
min. and coating thicknesses from 
nominal % to 2 mils. These gages, 
incidentally, represent coating 
weights of 7% to 29 lb. of poly- 
ethylene applied to 3000 sq. ft. of 
substrate. 

Production rates are limited 
primarily by the adhesion and 
drawdown performance of resins 
used. Commercial compound tem- 
peratures are usually in the range 
of 580 to 620° F. The temperature 
of the polyethylene as it contacts 





TABLE |: Resin density versus barrier properties 





Moisture vapor transmission rates, 
g./24 hr./100 sq. in. 


(Coatings on 50 lb./ream unbleached kraft) 


Coating weight 1b./3000 sq. ft. 7 


0.918 density 32 
0.930 density 2.1 
0.950 and 0.960 density 16 


Grease resistance, days to failure at 77° F. 
(1.5 mil coating on 25 lb./ream pouch paper) 


Peanut 
Grease or oil oil 


0.918 density 7 
0.930 density 41 
0.950 and 0.960 density 136 


Motor 
oil Butter 


6 3 
39 84 
119 





a fibrous substrate is very impor- 
tant, since adhesion is achieved by 
fiber “wetting” and mechanical 
bonding. Adhesion to smooth sub- 
strates such as glassine, alumi- 
num foil, or cellophane is more of 
a chemical bond and depends 
upon oxidizing the surface of the 
polyethylene in the air gap. 


Functional advantages 


There are definite functional 
advantages of polyethylene which 
can be used to complement those 
of the substrate. For example, 
polyethylene on aluminum foil 
provides heat sealability and tear 
and puncture resistance; it also 
fills in the pinholes in very thin 
foils, making possible a flexible 
composite construction which has 
outstanding gas, moisture, and 
grease barrier properties for criti- 
cal applications. Polyethylene on 
cellophane adds heat sealability 
and toughness to the normal cel- 
lophane properties. 

As a paper coating, polyethyl- 
ene complements the reinforce- 
ment and ready printability of 
paper, while adding heat sealabil- 
ity, moisture impermeability, and 
good release characteristics. For 
example, as a moisture barrier 
in multiwall bags, 1 mil of low- 
density polyethylene, compared 
with 30-30-30 asphalt laminated 
kraft construction, has less than 
one half the moisture vapor 
transmission rate. Release char- 
acteristics are highly desirable in 
packaging of items which tend to 
stick, such as frozen foods. 

Polyethylenes available for ex- 
trusion coating have controlled 
molecular weight, structure, and 
density designed to give optimum 
extrusion and product perform- 
ance. Low, medium, and high 
densities are available for extru- 
sion coating. They are respective- 
ly, 0.918 to 0.925, 0.926 to 0.940, 
and 0.941 to 0.965. Selection of a 
given resin is based on a balance 
of various factors. 

Of interest to coaters is a newly 
developed polyethylene resin o 
0.924 density. It permits fast: 
coating speeds and lower coatins 
weights, down to 4 lb./ream, tha 
general purpose materials of 0.91! 
density. Low-density resins pos 
sess good heat seal and ant'- 
curl characteristics. They can als: 
serve as adhesives in the prepare: - 
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n of composite structures and 
provide improved resistance to 
creasing and pinholing. 

Another important contribution 
in polymer development is a 
recently developed high-density 
resin. This material allows coating 
speeds of over 250 ft./min., and 
coating weights down to 6 Ib./ 
ream. Other high-density resins, 
if used for extrusion coating, 
would require minimum coating 
weights of 20 lb./ream, and would 
allow maximum speeds of only 50 
to 100 ft./min. These factors, of 
course, made high-density com- 
pletely impractical commercially. 

The moisture protection and 
grease resistance of high density 
polyethylene have already been 
widely publicized. Typical com- 
parative properties for different 
density grades are shown in Table 
I, p. 702. Economies can be ef- 
fected through use of lighter coat- 
ing weights, as compared with 
normal density resins, to achieve 
equivalent barrier protection. For 
example, in resistance to moisture 
vapor transmission, a 10 lb. coat- 
ing weight of high density is 
equivalent to a 15 lb. coating of 
medium density or a 20 Ib. coating 
of low density. The high-density 
coating is well suited for use in 


shipment of hygroscopic materials 
by maintaining their dryness and 
free flowing characteristics. The 
oil and grease impermeability of 
the high-density resin will be of 
benefit in packaging oily products. 
The greater heat resistance of 
high-density resins can be of 
value in sterilizable packaging 
applications. The improved slip 
and hardness are important per- 
formance advantages which mean 
much to consumer product and 
industrial packaging engineers. A 
lower coefficient of friction is 
beneficial in handling the coated 
products because they will feed 
more readily from a stack into 
automatic packaging equipment. 
Hardness is beneficial from the 
standpoint of reducing scratching 
and scuffing. The property combi- 
nation of higher heat resistance, 
good scuff and slip characteristics, 
and maximum barrier of this 
high-density coating will broaden 
markets for coated paper and 
paperboard packaging materials. 
A medium-density grade has 
the most suitable combination of 
properties for applications re- 
quiring good extrudability, imper- 
meability, heat resistance, and 
heat seal characteristics. For ex- 
ample, this type of medium- 


EXTRUSION OF FILM AND SHEETING 


Success in operating a film or 
sheet extrusion line depends to a 
large extent upon intelligent use 
of the equipment provided. One 
must know all the process vari- 
ables and their effect on the final 
product to achieve this. This ar- 
ticle will, therefore, be divided 
into two sections: the first, which 
starts below, will cover process 
variables from the resin in the 
bags to the rolls of film or stacks 
of sheets; the second section, 
which begins on p. 714, will deal 
with setting up the production 
line and engaging in actual extru- 
sion operations. 


Resin properties 
Variation in rheological proper- 
ties of the resin is a variable, not 
usually considered, but one that 
cause difficulty, especially in 
ucts being held to precise 
r Plastics, Div. of Studebaker-Packard 


North Seventh St. & Monroe Ave., 
rth, N. 


SION OF FILM AND SHEETING 


dimensions. Even if resin proper- 
ties are within commercial toler- 
ances, variations in resin flow may 
be large enough to become trou- 
blesome. This is particularly so 
because flow control tests, if used, 
are not usually made under actual 
extrusion conditions. Therefore, 
they do not necessarily predict 
the resin’s behavior in the ex- 
truder. 

Another variable is introduced 
when ground scrap or trim is re- 
cycled into the process. This re- 
claimed material may have 
changed its flow properties in the 
first pass through the extruder. 
Secondly, reground thin film or 
sheeting in the feedstream may 
drastically alter the feeding char- 
acteristics of the extruder. 

Good extrusion practice calls 
for complete use of one lot of 
resin before switching to another. 
Furthermore, when scrap is used, 
it should be consumed at a 


density resin is superior to low 
density in barrier and heat resist- 
ance, yet it heat seals more easily 
than does the high-density poly- 
ethylene material. 

The extrusion coating tech- 
nique of applying polyethylene as 
an adhesive eliminates the use of 
solvents, drying, recovery sys- 
tems, and fire hazards of solution 
coating. Extrusion coating is more 
versatile than calendering or hot 
melt methods in its ability to 
apply thinner coatings, and its 
greater latitude in useable poly- 
mer grades. Calendering allows a 
thickness no less than 2 mils be- 
cause of a tendency to form pin- 
holes in thinner gages. Hot melt 
methods cannot go below 1 mil 
because of thickness control diffi- 
culties. Extrusion coating, on the 
other hand, allows thicknesses 
down to 0.3 of a mil. 

On polyethylene-coated mate- 
rials, printability and glueability 
are often important commercial 
requirements. In order to print 
successfully on the polyethylene- 
coated surface, it must first be 
treated, either electrostatically or 
by the use of a gas flame, to make 
the surface sufficiently polar so 
that it will be able to retain the 
inks which are used. 


By HARVEY SEGAL® 


constant rate, preferably from 
blended lots. And lastly, when the 
feedstock is being changed, one 
should be on the lookout for 
product changes, especially in 
gage. 


Extruder variables 


The extruder has two main 
functions, and sometimes a third. 
First, it melts and compresses the 
resin into a homogeneous viscous 
fluid; second, it exerts sufficient 
pressure on the fluid to force it 
through the forming die into its 
approximate final shape and 
size; the third function, some- 
times provided, is removal of vol- 
atiles (in most cases, moisture 
vapor). 

Probably the most important 
process variable is the tempera- 
ture of the molten resin. It is a 
function of two heat sources: 1) 
heat transferred in through the 
extruder cylinder; and 2) heat 


703 





developed by mechanical work 
done on the resin by the rotating 
screw. The amount of mechanical 
heat generated depends upon 
resin properties, the rate of ex- 
trusion, the screw design, and the 
back pressure on the delivery end 
of the extruder. Heat required in 
excess of this amount has to be 
conducted in through the cyl- 
inder. However, it is not uncom- 
mon to have excess heat from 
mechanical work. In this case, it 
is necessary to conduct heat out 
through some zones of the ex- 
truder cylinder in order to arrive 
at the correct melt temperature. 
The actual melt temperature 
required depends on the thickness 
of the product and the rheological 
properties of the resin. For 
heavy-gage sheet, the tempera- 
ture should be as low as possible 
to minimize cooling requirements 
after the plastic leaves the die. 
For thin-gage film, low melt 
viscosities are required in the 


narrow die passages and during 
drawdown between the die- exit 
and the place where final film 
thickness is achieved. High-melt 
temperatures provide the low vis- 
cosities needed. Blown tubing film 
is excepted here. It usually runs 


at much lower rates in the die 
lands; high temperatures present 
needless cooling problems. 

The next process variable to be 
considered is screw speed. Natu- 
rally, one endeavors to operate at 
top speed to produce at the high- 
est rate possible. There are sev- 
eral factors working in the 
opposite direction, some of them 
associated with extruder opera- 
tions, and some with cooling and 
take-off equipment. 

Three common conditions may 
arise in the extruder to limit 
screw speed below its maximum. 
These are: 1) motor horsepower 
may be insufficient to develop 
maximum screw speed; 2) melt 
temperature may exceed the de- 
sired level (too high a melt 
temperature results from _ too 
much resin working by the screw 
and too little cooling capacity 
through the cylinder); and 3) 
surging (which is usually the re- 
sult of poor screw design or the 
lack of an extruder valve to in- 
crease back pressure) results in 
timeWwise gage bouncing. 

Another process variable is 
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screw cooling. At the present 
state of extrusion technology, 
screw cooling is usually only re- 
quired for thermally-sensitive 
resins to reduce degradation of 
the resin on the screw. In other 
cases where screw design is not 
adequate, screw cooling can be 
used to “freeze” resin to the screw 
surface and, in effect, provide a 
reduced channel depth. This ef- 
fect is very dependent upon the 
length the cooling channel extends 
in the screw. 

When screw cooling is used, 
there are precautions to be taken. 
Cooling must be done at a uni- 
form rate or else the extruder 
output rate and melt temperature 
will vary. Therefore, coolant flow 
rate and inlet temperature need 
to be controlled. Too much cool- 
ing should be avoided as it may 
set up temperature gradients in 
the melt stream. This ultimately 
may be reflected in gage profile 
variations too great to be cor- 
rected in the usual manner. 
Furthermore, excess screw cool- 
ing reduces achievable extruder 
throughput rates and increases 
horsepower requirements. 

For vented extruders, the dif- 
ference in operation must be con- 
sidered. Such a machine is to be 
considered as two extruders on 
the same shaft. The first extruder 
(hopper to vent) operates con- 
tinuously at zero delivery pres- 
sure. Its capacity is primarily a 
function of screw speed and is 
relatively independent of the tem- 
perature involved. 

The second extruder (vent to 
gate) always has to provide pres- 
sure to feed the die. Its capacity 
is therefore a function of screw 
speed, back pressure, and resin 
viscosity. 

If the capacity of the first ex- 
truder exceeds the second, the 
difference will come up in the 
vent. Modifications in screw de- 
sign will eliminate this problem. 
But to live temporarily with 
an inadequately designed screw, 
speed may be reduced. This re- 
duces the back pressure and gives 
the second extruder a relatively 
greater capacity. Note that open- 
ing the extruder valve also re- 
duces back pressure. 

Some of the above discussion 
has dealt with the back pressure 
of the extruder which will now be 


fully covered as the next process 
variable. Back pressure is simply 
the pressure existing at the tip of 
the extruder screw. It is the force 
needed to push the molten resin 
through the screens, gate, forming 
die, and through the extruder 
valve. The valve is the only real 
control one has over the back 
pressure. (This assumes screen 
choice is dictated by filtering ac- 
tion required.) 

The valve serves to increase the 
resistance to flow when the 
screens and die are insufficient for 
proper extruder operation. This is 
usually the case for thick sheeting 
or wide width dies. Symptoms of 
too little back pressure are 1) 
surging output; and 2) poor ho- 
mogenization of melt, resulting in 
sheet roughness and uneven color. 
Too much back pressure results 
in: 1) high melt temperatures and 
other defects due to thermal deg- 
radation; 2) excess motor cur- 
rent; and 3) (for vented extrud- 
ers) material rising in the vent. 


Die variables 


The die process variables are: 
1) die temperature; and 2) some 
parameter to adjust gage profile. 

The usual rule of thumb for die 
temperature is this: have the die 
at the same temperature as the 
entering melt to prevent temper- 
ature gradients in the melt. In 
many cases relaxation of this rule 
has no adverse effects. One knows 
die temperature is too low when 
the sheet or film becomes rough 
or when the gage falls off on the 
edges of the sheet. On the other 
hand, high die temperatures may 
cause non-visible breakdown of 
the polymer, off-color product, 
or holes and other surface defects 
due to formation of volatiles 
from resin decomposition. For 
this reason, it is desirable to run 
die temperatures equal to or 
below melt temperature. 

There are several methods to 
adjust gage profile and several 
parameters that affect it. 

For flat dies, adjustable blades 
are probably the most common 
means for profile control. The 
blades may be fitted to the front 
of the die, or as has been done 
more recently, upstream in the 
die. Bending the blades up o: 
down alters the flow resistanc 
in localized areas and thereby ef 
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fects changes in gage profile. 
After an adjustment, the new 
flow pattern is established very 
quickly. This method of adjust- 
ment is limited to the shapes the 
blade can be forced to assume, 
preferably not stretching it be- 
yond its elastic limit. Attempts to 
control gage beyond the capacity 
of the blade results in almost in- 
explicable profile changes and no 
further improvement. 


Temperature-controlled zones 


are also used to adjust gage pro-. 


file on flat dies. In this method, 
temperature changes are reflected 
in resin viscosity changes. Since 
15 to 20 min. are required to reach 
equilibrium temperatures in most 
dies with controllers,! the profile 
change is delayed this long. Fur- 
thermore, since heat travels trans- 
versely in the die, the correction 
overlaps into adjacent zones. 

Blown tubing dies are usually 
provided with a centering ring in 
lieu of adjustable blades. The ring 
is limited to balancing the resin 
flow from side to side and from 
back to front. It is not as versatile 
as the blades of the flat dies. 

However, some additional ad- 
justing ability may be obtained 
on blown tubing dies by air ring 
adjustments. This can be used if 
the air ring is fixed in relative 
position to the die. If the air ring 
rotates about the die, it is usually 
adjusted to produce a uniform air 
distribution. 


Cooling and take-off equipment 


As the resin leaves the die it 
must be pulled away, cooled, 
transported, and either wound 
into rolls or cut into sheets. 

The extrudate is cooled by 1) 
casting onto temperature-con- 
trolled metal rolls; 2) blowing 
cold air; 3) immersing in water; 
or 4) combining any of the three. 
The method used and the rate of 
cooling may affect surface prop- 
erties, clarity, flatness, physical 
strengths, and a host of other 
sheet attributes. In many cases, a 
lack of adequate cooling capacity 
limits the throughput rates of the 
extrusion line. 

Temperature-controlled _ rolls 

usually employed for thick 
ting. The temperature should 
s does not apply to dies controlled by 
‘e transformer. The transformer control 


S much longer times to reach equili- 
after an adjustment. 
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Extrusion of Acetal Resin 





A) Machine characteristics 





Diameter, in., of screw 
needed to deliver at 
60 r.p.m.: 

50 Ib./hr. 

150 Ib./hr. 
Recommended L/D 
Recommended screw type 
Compression ratio’ 
Depth of feed zone in 

150 lb./hr. screw, in. 
Lead ratio’ 

Screen pack 


Drive power for 150 lb./hr., hp. 


B) Operating conditions 





Melt temperature at die, °F. 


Approx. melt pressure at die, p.s.i. 


Screw cooling 
Feed preheating 
Metal temperatures, °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 
Is extrudate water quenched? 
Water temp., °F. 
Air gap, in. 
Time in water, sec. 
Draw ratio 


1 For explanation of ratios, see p. 711. 


Wire 


Tubing coating — 


| 
| 





Sheeting | 
| 


ey 
3% | 
20:1 
Metering 
3:1 


0.470 
1:1 
None 
20-30 























Extrusion of Chiorotrifluoroethyiene 





A) Machine characteristics 


Recommended machine size, in. 
Recommended L/D ratio 
Recommended screw type 


Compression ratio’ 


Operating conditions 
Melt temp. at die, °F. 
Screw cooling 
Equipment temp., °F. 
Rear cylinder 
Mid-cylinder 
Front cylinder 
Die body 
Die tip 
Internal mandrel tip 
(where used) 
Extrudate cooling 
Quench distance, in. 
Draw ratio’ 


2 For explanation of ratios, see p. 711. 


| Rods, shapes, 
heavy 
tubing 


Wire 


| 
Thin-wall 
coating | 


tubing | 





1%-2% 14-244 1%-2% 
16-24:1 | 16-24:1 | 16-20:1 
Metering, constant pitch, 

2-3 turn transition 
3-3.5:1 | 3-35:1 | 


2.7-3:1 


| 
| 


580-610 | 
Not recommended 


580-610 480-540 


360-410 
560-600 
590-620 
580-610 
640-680 


360-410 
560-600 
580-620 
580-610 
630-670 | 
| 


330-370 
470-520 
500-550 
500-550 
600-640 


620-650 610-650 
Water quench 
40-80 3-10 
20-60 4-20 | 


600-630 
Water quench 
(under % in. 
section) 











Extrusion of Cellulosics 





A) Machine characteristics 





Diameter, in., of screw 
needed to deliver at 
60 r.p.m.: 

50 lb./hr. 
150 Ib. /hr. 
400 Ib./hr. 


Recommended L/D 
Recommended screw type 
Compression ratio’ 

Lead ratio’ 

Screen pack 


Drive power for 150 lb./hr., 
hp. 


) Operating conditions 
Flow 
Rear-cylinder, °F. 
Mid-vylinder, F.° 
Front-cylinder, °F. 
Die, °F. 
Screw water 
Feed section 


Melt temperature, °F. 
Melt pressure at die 


2% (Output is largely dependent upon 
3% {application and cooling characteristics 
4% (of take-off equipment. See text. 

15:1 minimum: 20:1 recommended. 
Full-flighted with metering tip. 

2%:1 

1:1 for constant pitch screws. 

Depends on application. 


25. (Varies as a function of melt tempera- 
ture and heater input to resin.) 


H-4 


400 
410 
420 
400 410 
Dependent on the screw design 
Water cooled 
390 400 410 430 


600 to 5000 p.s.i. depending on the restric- 
tions designed in the die 


The above figures are general and should be adjusted for differences in 


formulation and application. 


* For explanation of ratios, see p. 711. 








Extrusion of FEP-Fluorocarbon Resin 





A) Machine characteristics 


| Small diam. Hose-size 


tubing tubing 
Wire coating | (up to % in.) (up to 1 in.) 





Recommended machine size, 
in. 

Recommended L/D 

Recommended screw type 

Compression ratio’ 


B) Operating conditions 
Melt temp. at die, °F. *y 
Melt pressure at die, p.s.i. 
Screw cooling 
Entering temp., °F. 
Metal temp., °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 
Extrudate water quenched 
Water temp., °F. 
Air gap, in. 





Draw ratio’ 


* For explanation of ratios, see p. 711. 





1% to 2% in. | 1% to 2% in. | 1% to 2% in. 
>15:1 >15:1 >15:1 
metering, constant-pitch, rapid compression 

3:1 3:1 


720-745 
100-1000 


600-650 
500-2500 
not recommended 


720-745 
100-1000 


room temp. room temp. | room temp. 


| 
500-600 
650-700 
700-735 
720-740 
Yes 
50-70 
4-8 


500-550 
600-620 
610-625 
610-650 
Yes Yes 
50-70 50-70 
2-4 one 


500-600 
650-700 
700-735 
720-740 








3-30 
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be high enough to assure com- 
plete adhesion between the melt 
and the roll surface, otherwise the 
sheet may be patchy on the bot- 
tom surface. 

On the other hand, the sheet 
will stick to the roll at the strip- 
ping point if the temperature is 
too high. This will cause trans- 
verse lines on the sheet. 

The stiff resins are more critical 
in their cooling requirements. 
They need to be cooled slowly 
and uniformly to prevent internal 
stresses which may result in 
warped sheets. Warpage may be 
apparent immediately or may 
occur slowly on aging. 

Flexible resins are less critical 
on cooling. They tend to make 
good contact with the roll at low 
roll temperatures and internal 
stresses do not warp the sheet. 

Some resins may be success- 
fully calendered by a second roll 
which contacts the top of the 
sheet above the casting roll. This 
roll also requires temperature 
control. Good gage profile and 
careful roll positioning are re- 
quired in this system to assure 
full contact of the calendering 
roll. 

Resins containing plasticizers 
present an additional hazard. 
Some of the plasticizer volatizes 
as the melt leaves the die. It may 
condense on the die or the cooled 
rolls and interfere with surface 
quality in several ways. This 
problem may be avoided by air 
currents carefully located to move 
the vapors elsewhere, or by heat- 
ing the surfaces, if possible, high 
enough to prevent condensation. 

Besides temperature control on 
the casting roll, the same control 
may be needed on the second and 
third rolls the sheet touches. 
Without it, these rolls tend to 
overheat, causing sticking and its 
resultant transverse lines. Some- 
times, cold water suffices for these 
rolls. In some cases, compressed 
cool air blowing on the rolls is 
adequate to obtain the required 
cooling effect. 

Thin film can also be made on a 
casting roll. High roll tempera- 
ture is usually needed to obtain 
the proper degree of adhesion. 
Certain film properties are also 
quite dependent upon roll tem- 
perature. At the high linear rates 
desired for film, some areas may 
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not appear to contact the roll at 
any temperature. This looks like 
air entrapped under the film and 
leaves objectionable markings. 
The usual remedy is to slow down 
the speeds and rate. However, be- 
fore settling for this, the speeds 
should be cranked up to see if this 
condition can be spread over the 
full sheet width. The sheet will 
still adhere although the surface 
properties that result may be 
slightly different. 

Air cooling of blown tubing has 
several unique features. Because 
the extruded tube usually in- 
creases in size as it rises above 
the die, some transverse stretch- 
ing takes place. This stretching 
gives rise to some gage profile 
control. In the thin-gage spots, the 
cooling chills the film first. The 
thick spots remain warm and con- 
tinue to stretch with a net im- 
provement in gage profile. Fur- 
thermore, by deliberate localized 
adjustments in air flow, additional 
improvements in gage can be had. 
Of course, as mentioned before, 
this requires an air ring that re- 
mains in a fixed position relative 
to the die. 

In some cases, a second air ring 
is required above the place where 
the resin freezes. This reduces the 
film temperature to safe levels 
before it passes through the pinch 
rolls and is wound up. Otherwise, 
the tube halves block together 
and the folds weaken. 

There are several variables to 
watch in extruding flat film into a 
water bath. High linear speeds 
tend to carry water out of the 
bath, at times over as far as the 
windup. Air knives and pinch 
rolls can help remove this water. 

Water bath temperature may 
become critical in this process. 
One usually has to find some 
compromise here since many im- 
portant film properties are a 
function of temperature and they 
do not reach a maximum at the 
Same time. It is desirable to have 
lots of water circulation where 
the film enters the bath, but wa- 
ter turbulence should be avoided. 
With high circulation the temper- 
ature controller can actually fix 
the water conditions at the film 
entrance. Otherwise, heat which is 
given up by the film is liable to 

localized overheating and 
f control. 
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Extrusion of Polystyrene 





A) Machine characteristics 
Diameter, in., of screw 
needed to deliver at 50 
r.p.m.: 

100 Ib./hr. 

400-500 lb./hr. 
Recommended L/D 
Recommended screw type 





Depth of metering zone, 
in. 
Lead ratio* 
Screen pack* 
Drive power for 150 lb./ 
hr., hp. 
B) Operating conditions 





Melt temperature at die, 
°F. 

Approximate melt pres- 
sure at die, p.s.i. 

Screw cooling 

Feed preheating 


Entering temperature 


Cylinder temperatures, °F. 
Rear 
Center zones 
Forward cylinder 
Die 
Extrudate 
Approx. draw ratio* 





Sheeting Shapes 


22 
4% 
20:1 to 24:1 
Dulmage or constant flight increasing root 
diameter metering screw 


0.140 
1-11 
80, 40, 20 


15-20 


400 380 380 


700 Varies widely with die 
None None None 
Desirable to just below the fusion tem- 
perature of the granules for 1 hr. 
145° F. material temp.—air temp. may be 
as high as 200° F. in the hopper 


350 
380 
400 
400 


Cooled ‘in air or on cooled metal surfaces 
1.0 12 11 








Extrusion of Styrene-Acrylonitrile Copolymer 





A) Machine characteristics 





Diameter, in., of screw need to de- 


liver at 40 r.p.m. 

150 lb./hr. 

200-350 Ib./hr. 
Recommended L/D 
Recommended screw type 


Exit flight depth, 414 in. machine, 


in. 

Compression ratio 
Lead ratio’ 
Screen pack’ 


Drive power for 150 lb./hr., min. 


hp. 
B) Operating conditions 





Melt temp. at die, °F. 


Is screw cooled? 

Feed preheating 
Temperature, °F. 
Preheat time, min. 


Metal temp., °F. (use cooling if 


necessary ) 

Rear cylinder 

Halfway along cylinder 
Forward cylinder 

Die 


Is extrudate water quenched? No 


Water temp. 
Time in water, sec. 
Draw ratio’ 


Sheeting Shapes Pipe 





3% 342 314 
4lh 4 4 
20:1 20:1 20:1 
Constant pitch, increasing root 
diameter metering section 





135 135 

3:1 3:1 

1:1 1:1 
60, 40, 20 60, 40, 20 


25 25 


420 420 
(should not exceed 430° Fahrenheit) 
No No No 


180 180 180 
>90 >90 >90 


380 380 380 
400 400 400 
400 400 400 
410 410 
Sometimes Yes 
— Cold Cold 
— Varies 60 











i For explanation of ratios, see p. 711. 2? Mesh numbers in direction of flow. 











Extrusion of Nylon 6 





A) Machine characteristics 


Diameter, in., of screw needed to 
deliver at 60 r.p.m.:* 
50 lb./hr. 
150 Ib. /hr. 
500 Ib./hr. 
Recommended L/D 
Recommended screw type 
Compression ratio* 
Depth of feed zone in 150 Ib. /hr. 
screw, in. 
Lead ratio® 
Screen pack, mesh numbers in 
direction of flow 


Drive power for 150 lb./hr., hp. 


B) Operating conditions 
Melt temperature at die, °F. 
Approx. melt pressure at die 
p.s.i. 
Screw cooling 
Is feed preheated? 
Entering temperature, °F. 
Metal temperatures, °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 
Is extrudate water quenched? 
Water temp., °F.’ 
Air gap, in. 
Time in water, sec.‘ 


Draw ratio’ 


‘Size to nearest quarter inch. Use next largest standard extruder size 
water will be determined by properties desired in finished extrusion. 


given is approximate. 


Monofil. Sheeting 


2% 
3% 
5% 


20 


| Wire coating 


2% 
3% 
5% 


20 


2% 
3% 
5% 


20 





Metering, constant pitch, gradual or sharp compression 
35:1 | 


3.5:1 


0.100 
1:1 


0.100 
1:1 


40, 2-100, 40 | 


30 30 


460 460 


500 500 
Unnecessary 
No No 


Room temp. 


460 
475 
475 
460 


Yes 


460 
475 
475 
460 


Optional 


10 
2-10 


1.5-4.0 


10 


1.5-4.0 





40, 2-100, 40 


Unnecessary 


Room temp. | 


35:1 35:1 
0100 | 
1:1 


0.100 
1:1 


40, 2-100, 40 
30 


485 460 


500 
Unnecessary 
No 


Room temp. 


500 
Unnecessary 
No 
Room temp. 


460 





460 
Yes 


1.0 


1.5-4.0 





1.5-4.0 


460 


500 
Unnecessary 
No 


Room temp. 


460 





15-40 


when size is not standard. * For explanation of ratios, see p. 711. * Temp. of 
* Depends on desired properties, water circulation, dimension of shape. Figure 








Extrusion of Polyvinyl! Chloride 





Material form 
Screw 
Description 
Ratio of length-to-diameter 
(longer screws are satisfactory) 
Depth of flight at delivery end of 
3% in. screw, in. 
Compression ratio’ 
Pitch (distance between flights) 
Operation 
Pressure, p.s.i. 
(between delivery end of screw 
and breaker plate) 
Stock temperature, °F. 


For explanation of ratio, see p. 711. 


Flexible 


Granules 


Rigid 


Granules 


Single, full flight, constant pitch, increasing root diameter 


10:1 min. 


Yq 
2:1 
Approx 





15:1 min. 


Ye 
4:1 
imately equal to screw diameter 








15:1 min. 


“4 
2:1 
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Extrusion of Polyethylene 





Machine characteristics 


Diameter, in., of screw 
needed to deliver at 
60 r.p.m. 

50 lb./hr. 

150 Ib./hr. 

500 Ib./hr. 
Recommended L/D 
Recommended screw 

type 
Compression ratio’ 
Depth of metering zone 

for 150 Ib./hr. 

screw, in. 
Lead ratio’ (constant) 
Screen pack, mesh 

numbers in direction 

of flow 


Drive power for 
150 Ib./hr., hp. 


B) Operating conditions 


Melt temperature at 
die, °F. 

Approx. melt pressure 
at die, p.s.i. 

Screw cooling 


Medium 
Temperature of 
medium, °F. 
Fraction of length 
cooled 


Feed preheating 
Entering temperature °F. 


Metal temperatures, °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 


Is extrudate water 
quenched? 
Water temp., °F. 
Air gap, in. 


Time in water, sec. 


Draw ratio* 


ression ratio = 
atio 


ratio = 


Monofil. Sheeting 


2 
3-Y%4 
6 


20: 1-24:1 20:1 


Constant pitch, metering, 
4:1 4:1 


20/200/100/50/20 


25-35 


450-500 380-420 


1000-3000 500-1500 


Water Water 


100-200 100-200 


VYg-VYo 14-Total 


No 
190 Max. 


360 
330 
400 
400 


No (roll) 


6 


less than 2 








Very slight to prevent fouling, especia 





1 


Volume of thread in first turn past feed opening 


Volume of thread in last turn at output end 


Inside diameter of barrel 


Cross-sectional area of die opening 


~ Cross-sectional area of finished (untrimmed) extrudate 


Wire 
coating 


Pipe & 
shapes 


2 
3-% 
6 


20:1 20:1 


Film 
(tubular) 


2-l% 
3-% 
6 
20:1 


Coatings, 


(paper, 
etc.) 


2-'% 
3-% 
6 


20: 1-24:1 24:1 





decreasing depth tapering from feed to metering zones 


4:1 3:1 


20/100/50/20 


25-35 


390-450 300-375 


1500-8000 500-1500 


Water Water 


100-200 70-170 


%-Total 14-Total 


Blacks & 
Colors 
190 Max. 


Yes (Pipe) 
190 Max. 








_Distance between corresponding points on successive turns of same flight 


4:1 


300-375 


2000-6000 


ly during start-up 


Water 


70-170 


14-Total 


No 
190 Max. 


200 
290 
320 
300 


No (air) 
6-18 
(Frost- 
line) 


4:1 


.093 
1:1 


/100/50/20 


30-35 


550-600 


500-1000 


Water 


150-200 


Y4-Ye 


Desirable 
190 Max. 


Yes 
100-170 
1-3 


No (roll) 


2-6 


less than 2 








0.020 in. die gap 
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Extrusion of Acrylics 





A) Machine characteristics Sheets and shapes 


High-impact acrylic 





N ormal output, Ib./hr. from screws 


(L/D=20) of: 

2% in. dia. 

3% in. dia. 

4% in. dia. 
Recommended screw type 
Compression ratio’ 
Minimum flight depth, in.’ 
Lead ratio’ 

Screen pack 
Drive power, hp./ (lb./hr.) 


B) Operating conditions 


Melt temp. at die, °F. 
General-purpose, Type 6 
Heat-resistant, Type 8 

Melt pressure at die, p.s.i. 

Screw cooling 

Entering temp., °F. 

(Must be constant) 

Metal temp., °F. 


60 
160 
250 


2:1 

Ke 

1:1 
Preferably none 


Yo 


360-400 
380-420 
400-1800 

Not recommended 


Up to 200 


50 
140 


2:1 

Y% 

1:1 
Preferably none 


Yo 


340-380 
350-400 
100-500 

Not recommended 


Up to 200 


Full-flight, constant pitch, variable-depth 


360-420 
400-3000 
Not recommended 


Up to 200 


Rear cylinder 
Center of cylinder 
Front of cylinder 
Die 


Gen'l. 


purpose 


340-440 
340-390 
310-360 
360-400 


Heat- 
resistant 
350-450 
350-400 
325-375 
380-420 


Gen'l. 
purpose 


Heat- 
resistant 





340-390 
340-390 
310-340 
340-380 


350-400 
350-400 
325-350 
350-400 


Feed throat temp., °F. 
Maximum draw ratio 





125-180 
1.15 





125-180 


* For explanation of ratios, see p. 711. * Dimensions for 2% im. screw; add 1/16 in. for each 1 in. increment 





of screw diameter. 








Extrusion of ABS Polymers 





A) Machine characteristics 


Recommended machine size’ 


Lb./hr. (approximate) 
Horsepower, minimum’ 
Exit flight depth, in. 
Screw, r.p.m. 
Recommended L/D 
Recommended screw type 


Compression ratio* 
Lead ratio’ 


Screen pack, mesh numbers in di- 


rection of flow 


B) Operating conditions 





Predry resin pellets 
Screw cooling 


Cylinder indicated temp., °F. 


Zone 1 (feed) 

Zone 2 

Zone 3 

Zone 4 (exit) 
Die temperature, °F. 
Stock temp. at die, °F. 


Is extrudate water quenched? 
Cooling water temp., °F. 


Draw ratio* 
Time in water, min. 


‘For optimum cost/volume ratio; 


Sheeting 


Shapes 





Cc 


Type I 


Type II 





3% | 4% 
225 | 450 
25 50 
0.180 | 0.220 
40 40 
20:1 





2:1 
1:1 


40, 20 


2% | 3% 
80 | 150 
15 | 25 
0.180 | 0.220 
30 | 30 
20:1 


2:1 
1:1 


60, 40, 20 


2-4 hrs. @ 180-190 





3% | 4% 
150 | 300 
25 50 
0.230 | 0.290 
30 35 
20:1 





5 feed flights 
2:1 
1:1 


40, 20 


not necessary 





3% | 4% 
140 

25 | 50 
— 
28 | 33 





20:1 20:1 


Metering, full flighted, single flighted—constant pitch, increasing root 
diameter to metering section, 5 metering flights, 10 transition flights, 





2 Direct drive or equivalent; 


350-380 
375-400 
385-410 
385-420 
375-425 
390-440 
No 


11 





350-380 
375-400 
385-410 
385-420 
375-425 
380-430 

Optional 

60-80 
11 





360-390 
375-400 
380-420 
390-425 
380-430 
400-450 
Yes 
70-100 
11 
1-5 


* For explanation of ratios, see p. 711. 
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CREDITS FOR TABLES 


Extrusion characteristics tables which appear on 
the preceding pages were prepared by the editors 
from data supplied by the following companies: 
E. I. du Pont de Nemours & Co., Inc. (Acetal and 
FEP-fluorocarbons); Rohm & Haas Co. (Acrylic); 
Celanese Plastic. Co. and Eastman Chemical Prod- 
ucts, Inc. (Cellulosics); Marbon Chemical Co. (ABS 
polymers); B. F. Goodrich Chemical Co. (Polyvinyl 
Chloride); Allied Chemical Corp. (Nylon 6); Union 
Carbide Plastics Co. (Polyethylene and Acrylo- 
nitrile-Styrene Copolymers); Minnesota Mining & 
Mfg. Co. (Chlorotrifluoroethylene); and The Dow 


EXPLANATION OF RATIOS 


The compression, lead, and draw ratios referred to 
in the preceding tables on extrusion characteristics 
are defined as follows: 

Compression ratio is found by dividing the vol- 
ume of thread in the first turn past the feed open- 
ing by the volume of thread in the last turn at the 
output end. 

Lead ratio is found by dividing the distance be- 
tween corresponding points on successive turns of 
the same flight by the inside diameter of the barrel. 

Draw ratio is found by dividing the cross-sec- 
tional area of the die opening by the cross-sectional 


Chemical Co. (Polystyrene). 


area of the finished (untrimmed) extrudate. 





COOLING EXTRUDED PLASTICS (Cellulosics and Polyolefins) 


By HARRY M. MAHN* 


Strength and appearance of ex- 
truded sheet, pipe, coated paper, 
and coated wire depend on proper 
cooling. When extruding a care- 
fully chosen formulation with a 
costly extrusion machine through 
a well designed die, it is more 
than reasonable that cooling be 
given adequate consideration. Al- 
though there are many techniques 


for cooling extruded thermoplas- 
tics, there are only a few basic 
principles. 


Acetate, butyrate, propionate 


Cellulosics cooled evenly and 
uniformly produce extrudates 
that are noted for toughness and 
durability. Conversely, sudden 
chilling of the hot plastic often 
results in a brittle product. 

Air, water, and smooth metal 
surfaces are all used in cooling 
the different cellulosic extrusions. 
It is critical that the air be clean 
and free of entrained water, so 
as not to blush or mar the surface 
of the plastic. 

Chrome-plated steel rolls are 
used for cooling sheet, film, and 
film coatings. The first rolls are 
warmed to prevent shock cooling. 
Besides cooling the plastic, the 
rolls provide necessary support 
for the sheet or film as it is con- 
veyed to windup. Hot water is 
used for cooling butyrate rod and, 
sometimes, for cooling pipe. 

Pipe: Slow, uniform cooling is 

in the production of quality 


. F cs Div., Eastman Chemical Products, 
x 90 Madison Ave., New York 16, N.Y. 


COC\ING EXTRUDED PLASTICS 


pipe based on cellulosic materials. 
Extruded from a circular die, 
the soft hot pipe passes over in- 
ternal air rings attached to the 
inner circular die. Warm air, 180° 
F. at 5 to 20 p.s.i., which blows 
through these rings, both cools 
and supports the walls of the hot 
pipe. 

The pipe is then drawn through 
several brass outside sizing rings 
which circle the pipe. A second 
set of air rings is also located 
around the outside of the pipe, one 
immediately behind each of the 
brass sizing rings. 

Warm air is also used in the 
first outside air ring. The pipe, 
having then cooled somewhat, is 
blown by the remaining air rings 
with room-temperature air. 

Tough, top-quality butyrate 
pipe extruded from regranulated 
brittle pipe strikingly demon- 
strates the importance of proper 
cooling. When first extruded, the 
pipe turned out brittle only be- 
cause it had been allowed to chill 
in cooling; a tougher pipe was 
effected upon re-extrusion with 
gradual cooling. 

Film and sheet: Film or sheet 
extruded horizontally is cooled on 
chrome-plated steel rolls. Trav- 
elling over an “S” path, film goes 
over and around the first roll held 
at about 150° F. and around and 
under the second roll. This second 
roll, located below the first, is 
held at about 180 to 210° F. 

With the second “cooling roll” 
warmer than the first, any slight 


strains in the sheet are removed. 
For thicker sheet, both rolls are 
run a little warmer. No heat is 
applied to subsequent rolls over 
which the sheet comes to room 
temperature. The naturally glossy 
cellulosics are not generally cal- 
endered. 

Coated paper: Butyrate coated 
paper, an excellent grease barrier, 
is produced by extruding a hot 
film onto paper. The hot film con- 
tacts the paper just before being 
pressed between a chrome-plated 
cooling roll and a rubber roll. 

Good adhesion of plastic to pa- 
per depends on good penetration. 
For best penetration of the paper 
by the plastic, as much heat as 
possible should be retained in the 
hot extruded film. To this end, the 
die is placed as close to the paper 
as possible. The cooling roll, at 
80 to 150° F., contacts the plastic 
side of the coated sheet which 
travels around it. 

Preheating of the paper or post- 
heating of the coated sheet with 
steam rolls is another technique 
sometimes used. 

Shapes: Shapes used for edg- 
ings present individual problems 
in the uniform cooling of their ir- 
regular cross sections. Until it 
cools and hardens, the soft, hot, 
extruded plastic requires careful 
support. It slides over thin, nar- 
row, 6-in. long copper tabs ex- 
tending from a rigid frame. These 
tabs are bent to provide maxi- 
mum support for the soft extru- 
date passing over them. The same 
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tabs can be rebent many ways to 
support other shapes extruded 
from different dies. 

Warm air, at 180° F., blown 
through slender copper tubes at 
very low pressure, does the ini- 
tial cooling. Cooler air is used 
after the plastic has cooled down 
somewhat. Uniform cooling of the 
entire section is achieved by 
bending the copper tubing to di- 
rect most of the air onto the 
thicker sections of the extrudate. 

If the thicker sections cool 
slower than others, warpage will 
occur, while if they are cooled too 
fast, internal bubbles form. One 
technique sometimes used for an 
irregular shape is to extrude it 
double, cool it, and slit it in two. 

Rod: Rod is cooled with hot 
water. Water, at about 160 to 
210° F., runs into the first section 
of a 20-ft. trough. The second and 
third sections are maintained at 
160 and 90° F. respectively. 


Polyethylene film 


Polyethylene, a crystalline res- 
in, produces the toughest extru- 
date when quickly cooled. Rapid 
quenching prevents the develop- 
ment of large crystals which pro- 
duce a brittle polyethylene. It is 
not as important for low-density 
resin as for the higher densities, 
however, since the branched 
molecules of the low-density ma- 
terial are not as prone to form 
large crystals. 

Film: Polyethylene film can be 
extruded as blown film tubing or 
as flat film. And flat film may be 
either cooled by chill-rolls or 
quenched in a water bath. The 
density of the resin, the proper- 
ties desired, and the use of slip 
agent determine which type of ex- 
trusion and cooling is to be used. 

Low-density polyethylene film 
with high impact strength is pro- 
duced by blown film extrusion. 
The tubular film is cooled with 
ambient air blown from an air 
ring located just above the die. A 
frost line appears around the bub- 
ble where the polyethylene be- 
gins to set. Tubular film exhibits 
the best properties when this frost 
line occurs very close to the die. 
This is achieved through rapid 
cooling. 

Further cooling occurs as the 
tubular film progresses from the 
die to the nip roll. Flattened at the 
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top of the bubble, the film runs 
between the nip rolls—one rub- 
ber and one chrome-plated steel 
roll maintained at about 75° F. 
There is no limit to the height of 
the air bubble except the amount 
of film that the film itself can 
support. The thicker and faster 
the film is run, the higher is the 
air bubble required. 

Although not widely practiced, 
low-density polyethylene can also 
be extruded as flat film at rela- 
tively high rates. Both cooling 
methods produce low-density 
films with approximately the 
same properties. 

Medium-density film exhibits 
best gloss and clarity when ex- 
truded as flat film and cooled on 
chill-rolls. The first two rolls 
around which the film travels are 
100 to 150° F. The third and fourth 
are about 95° F. and the follow- 
ing rolls about 60° F. Running the 
first rolls too cold causes pucker- 
ing and other difficulties, while 
running them too hot is liable to 
slow the cooling and reduce clarity 
and gloss. 

Excellent appearance and 
strength are possible by quench- 
ing film in cold water at about 
75° F. This is only feasible for 
film not containing a slip agent. 
Since slip agents are hydrophilic, 
they attract water to the surface 
of the film and carry it out of the 
bath. When water-quench cooling 
is practiced, the die is brought as 
close to the surface of the water 
as possible. 


Polyethylene-coated paper 

Polyethylene - coated paper, 
which is so widely used in pack- 
aging, offers an effective moisture 
barrier. Adhesion of the film to 
the paper depends on both the 
temperature and degree of sur- 
face oxidation of the polyethyl- 
ene. The plastic penetrates the 
paper deepest when it is hot. 
However, oxidation of the surface 
of the film through exposure to 
air also contributes to strong ad- 
hesion. Placing the film die about 
4 in. from the point of contact 
with the paper produces excellent 
results. At this distance the plas- 
tic loses very little heat, yet there 
is enough room remaining for oxi- 
dation to take place. 

The film first touches the paper 
just before the coated sheet is 


pressed between the cooling roll 
maintained at 75° F. and the rub- 
ber roll. 


Polyethylene pipe 

Pipe: Polyethylene pipe is 
cooled in a trough of water at 
about 65° F. Whether forming the 
pipe with an inside mandrel, out- 
side mandrel, cooling sleeve, or 
sizing rings, the 25-ft. trough is 
brought as close to the die as pos- 
sible. Care must be taken not to 
cool the die with water from the 
trough. The clearance necessary 
for drawing down the plastic de- 
termines the distance needed be- 
tween the trough and the die. 

The water level is maintained at 
4 to % in. above the pipe to pre- 
vent the pipe from being de- 
formed by excessive pressure. 


Coated wire 


Wire: Copper wire is coated 
with polyethylene as it passes 
through a cross-head die at 480 
to 580° F. The standard commer- 
cial rate for coating 22- to 26- 
gage wire is figured at 2000 ft. 
per minute. 

The coated wire runs in a 20- 
ft. trough where it is quenched 
with cool water at about 65° F. 
The water tends to be carried 
along with the fast-moving wire. 
To improve cooling, the wire is 
passed between sponges placed in 
the trough every 4 to 6 feet. The 
sponges remove the water that is 
carried along after its tempera- 
ture has been raised by direct 
contact with the coated wire. By 
stopping this warm film of water 
at the end of each section, the 
cold water in the next section can 
make direct contact with the 
wire coating. 

Thick coatings must be cooled 
slowly for good adhesion and the 
absence of voids or pockets. If 
quenched too quickly, the outer 
surface would set first. The inner 
core, shrinking as it cools, would 
then separate from the wire. 
Slow, uniform cooling of the 
coated wire is achieved by run- 
ning warm water, about 175° F., 
in the first section of the trough 
and cooler water further on. 

Preheating the wire improves 
adhesion chiefly by removing 
moisture, oily substances, or other 
foreign matter. 


Polypropylene materials 
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cooled and handled much the 
same as high-density polyethyl- 
ene. Since it is even more crystal- 
line, rapid quench becomes of ut- 
most importance in avoiding a 
brittle product. 

The above discussion illustrates 
several cooling techniques used on 


some extruded materials. In most 
cases the actual design of the 
cooling equipment will depend on 
the particular product and mate- 
rial to be extruded, and optimum 
cooling for each job will have to 
be developed when starting up. 
However, the several techniques 


AUXILIARY TAKE-OFF EQUIPMENT 


The following discussion covers 
various means of handling plastic 
extrusions in the post-cooling 
stage. The type of equipment 
varies according to the product, 
which can be divided into sev- 
eral major groups: 1) pipe and 
profile extrusion; 2) film and 
blown tubing; 3) sheet; and 
4) blow molding. 


Pipe and profile extrusion 


After being cooled, the pipe or 
profile section is drawn away 
from the die by means of a con- 
veyor or a caterpillar pull-off. 
Normally if the section is small 
and relatively flat, a conveyor 
would be quite suitable for this 
purpose. However, if the section 
is circular and relatively large, it 
would be necessary to use a cat- 
erpillar pull-off to prevent de- 
forming the extruded product. A 
caterpillar pull-off would also be 
necessary if a large degree of pull 
were to be required without any 
slippage. 

Cutting of the extruded part 
may be achieved by a stationary 
or traveling shear. If the part is 
rigid it is usually cut to length by 
means of a traveling saw or shear 
cutter (guillotine-type). In de- 
termining whether it is possible 
to dispense with a movable or 
traveling cutter, it must first be 
determined whether: a) the part 
is flexible; b) the part, although 
rigid, can be allowed to sag, 
thereby making up for momen- 
tary stoppage during cutting; and 
¢) surface speed is sufficiently 
low, thereby not accumulating 
excessively during momentary 
stoppage. 

If any of these three points are 
met, a traveling cutter can be 

tted in favor of a stationary 


xible sections are usually 


ent, Sterling Extruder Corp., 1532 W. 
1 Ave., Linden, N.J. 


ARY TAKE-OFF EQUIPMENT 


taken up on reels by units that 
traverse the section, in order to 
obtain a uniform lay on the reel. 
These take-up units range from 
windups that use a dancer roll 
for tension control to windups 
that use constant speed motors 
with a friction clutch or friction 
belt arrangement. This is regu- 
lated so that the amount of slip- 
page increases as the roll builds 
up, thereby maintaining approxi- 
mately the same tension. 

Flexible pipe is usually coiled 
by means of relatively simple 
coiling devices which are com- 
mercially available. These coil- 
ing devices consist essentially of 
a large wheel with spokes, each 
of which has projecting arms that 
serve to determine the diameter 
of the coiled pipe. These parts are 
adjustable so that the size of the 
coils can also be changed when- 
ever desired. 


Film and blown tubing 


The primary concern is to wind 
up the extruded film as quickly 
as possible with as short an un- 
supported span as possible; other- 
wise, serious wrinkling may oc- 
cur. 

If the film is extruded into a 
water trough, a pair of pinch rolls 
set about a horizontal axis should 
be provided to minimize water 
carry-over. An air jet or air knife 
can also be used for this purpose. 

The next step would be edge 
trimming or slitting, since a bead 
usually builds up on the edge of 
the web. This applies whether the 
film is extruded into a water bath 
or onto casting rolls. 

In the case of blown tubing, it 
may be desirable to separate the 
tubing into two sheets by slitting. 
There are a number of accepted 
ways to accomplish this, including 
shear slitters, razor blade slitters, 
and air-loaded score cutters. 
Razor blades can be used either 


mentioned can be applied to any 
material with the proper modifi- 
cation of operating speeds and 
temperatures to suit the material 
and shape being run. Extruders 
should check with materials sup- 
pliers or machinery manufactur- 
ers for specific data. 


By L. D. YOKANA* 


against a freely supported web 
or, in turn, against an anvil 
roll. The trim removal can take 
place either by using a Venturi 
principle in conjunction with a 
centrifugal blower or by winding 
the trim onto a spare winder roll. 
If wrinkling is anticipated, ex- 
panded rolls are usually provided. 
From that point on, the film 
is taken to the wind-up station 
which can either be a center 
winder or a surface winder. 

The center winding station 
must be used in conjunction with 
a dancer roll arrangement or 
some form of torque motor in 
order to slow down the angular 
velocity of the roll as the diameter 
builds up. This process is, of 
course, unnecessary with the sur- 
face winder. It is felt, however, 
that additional flexibility in wind- 
ing can be attained by the center 
winder and that a wider range of 
varying tensions can be accom- 
plished in this manner. This is 
especially important when rolls 
have to appear flat, even though 
there may be very small, but 
nevertheless cumulative, gage 
bands. Normally, it is a common 
practice to provide two wind-up 
stations in handling a single web 
so that quick change-over from 
full to empty roll takes place 
without undue loss of film. 


Sheeting 


Heavy gage sheet is usually ex- 
truded into a cooling and polish- 
ing roll unit. Traveling over an 
“S” path, the sheet goes over and 
around the first roll held at about 
150° F. and around and under the 
second roll. This second roll, lo- 
cated below the first, is held at 
about 180 to 120° F. 

With the second “cooling roll” 
warmer than the first, any slight 
strains in the sheet are removed. 
For thicker sheet, both rolls are 
run a little warmer. No heat is 
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applied to subsequent rolls over 
which the sheet comes to room 
temperature. After the sheet 
emerges from the cooling and 
polishing roll assembly by way 
of a set of pull rolls, it is then 
taken through a guillotine-type 
shear cutter to the stacking unit. 
There are a number of commer- 
cially available shear cutters 
which are fully mechanized to cut 
automatically at a pre-determined 
length. 

A stacker then carries the cut 


sheet away on tape conveyors, 
which also accelerate it in order 
to take it out of the way of the 
oncoming sheet. When it reaches 
the end of the stacker it trips a 
limit switch, which clears all 
members and allows the sheet to 
drop through onto a pallet for 
further handling. 


Blow molding 


Because of the great variety of 
blow molding equipment in use 
at this time, it would be difficult 


to recommend specific material 
handling methods. It is the intent 
of the writer to create awareness 
of the need for well-planned con- 
veyor systems for large installa- 
tions. Included would be turret 
finishing stations for reaming or 
other post blow molding finishing 
operations. It would be almost 
impossible to discuss automation 
of removing products from a 
blow molding unit since there are 
so many different types of units 
that are available. 


SETTING UP THE EXTRUSION LINE 


Equipment inspection: If the extrusion equipment is 
new, several inspections should be made prior to actual 
operations. First the die should be removed and dis- 
assembled. One should become familiar with its design 
and should inspect the workmanship. The same holds 
for the screw. Clean the equipment before reassembling 
and leave some oil on the screw for later testing. 

All motors in the extrusion line should be turned on 
and run through their full speed range. Do not run the 
screw for more than a few minutes when it is empty. 

Inspect all rolls in the take-off and wind-up units. 
They should be firmly supported, free rolling, concen- 
tric and balanced about their axis, and accurately par- 
allel to each other. 

Turn all the heater zones on (extruder cylinder, gate, 
die, and temperature-controlled rolls) and inspect for 
proper operation. Shake the thermocouples in the die 
while watching the controllers. There should be no 
fluctuations. 


Extruder start-up 


Actual operation of the equipment starts with setting 
the temperature controllers to the desired level. With 
no resin in either the extruder or the die, the start-up 
is relatively simple. The heats can be up to running con- 
ditions for any length of time without concern. Hopper 
cooling water should be turned on 15 min. before resin 
is put into the hopper. Use just enough water to keep 
the hopper cool by finger test. 

When a resin predrying operation is required, it 
should be started before the extruder is ready. 

Any time after the temperatures are reached, resin 
may be put into the hopper and the screw turned on to a 
low speed (10 to 20 rpm). (For very stiff resins, the ex- 
truder should be hand fed slowly until the screw is part- 
ly full.) The screw motor ammeter should be continu- 
ously watched. If the current begins to exceed the motor 
rating, decrease screw speed. When sufficient working 
takes place, as evidenced by a drop in current, the screw 
speed can be raised again. If the rated current is ex- 
ceeded at minimum speed, stop the screw and wait for 
the resin to melt. Then start up as a full machine as 
described below. 

If resin is in any of the extrusion equipment prior to 
start-up, precautions are necessary. In this case, the ob- 
ject is to never leave resin at high temperatures for any 
length of time. This is true for even stable resins and an 
absolute must for less stable ones. For heat-sensitive 
resins, the equipment must be completely clean for each 
startup. 


*Gering Plastics, Div. of Studebaker-Packard Corp., N. Seventh St. & 
Monroe Ave., Kenilworth, N.J 
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Therefore, to start up, have each heated zone arrive at 
the desired temperature about the same time. Since the 
extruder cylinders usually heat up fastest, they should 
be turned on last. The start-up temperatures should be 
in the low range for the particular resin being used. The 
usual practice is to set the controllers to the running 
temperatures required, but to start extruding as soon as 
the proper starting level is reached. Extrusion usually 
continues at low speeds until final temperatures are 
reached. 

Sometime before the screw is turned on, the die area 
surrounding the exit orifice should be. coated with a suit- 
able lubricant. The purpose is to keep the initial bit of 
extrudate from sticking to the die face. Silicone mold 
release or zinc stearate are satisfactory for this use. 

The techniques used when the extrudate begins to 
leave the die vary, depending upon the type of take-off 
equipment. In the following paragraphs, each will be 
discussed separately. See Figs. 1 through 3 for illus 
trations of each type of take-off. 

If screw cooling is used, the coolant should be turned 
on shortly after resin flows from the die. 


Blown tubing 
In starting up a blown tubing line, one preparatory 
step may simplify the stringing-up operation. Open the 
pinch rolls and dangle a string down to the die. (If 
the rolls can not be opened, the string can be forced 


FIG. 1: BLOWN TUBING TAKE-OFF 
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in between.) Tie a noose in the free end of the string 
above the die. If the wind-up is not at the pinch rolls, 
the other end of the string can be passed around the 
rolls leading to the wind-up station. 

As the extrudate leaves the die, grasp it (with air 
ring on and using a pair of gloves) at one point and 
pull up. Try to pull a few other sections up and hold 
all in one hand. This should be done while pulling up 
slowly. Place the noose around the extrudate and then 
pull the noose until it is tight. It sometimes helps to 
wet the plastic with a moistened rag to harden it. Once 
the noose is tightened, start the pinch rolls and admit 
some air to the bubble. Don’t pull too fast as the bubble 
will tear, but do pull fast enough to keep the film 
thin. A thick film will not cool well and will therefore 
be weak. Secondly, a thick film is heavy and may break 
the weak bubble before it gets through the pinch rolls. 
If the material is coming out too fast to string up 
easily, slow the screw some and try again. 

Once the material is through the pinch rolls, proceed 
to add air to the bubble at a fair and uniform rate. 
Stop as the layflat width approaches the correct size. 
Make additional corrections slowly. Fast air filling will 
cause breathing (alternating of bubble diameter). Even 
with skilled operators some breathing will be experi- 
enced, especially in small sizes where the required air 
can be added in a short period of time. Breathing will 
slowly diminish if let alone. 

While adding air, slowly raise the screw speed to its 
desired level. Do this slowly or else the bubble shape 
will be distorted and breathing will set in. If one does 
not know what rate is maximum, start at a linear web 
rate of 30 rpm and work up. 

While letting the air in and raising screw speed, keep 
adjusting pinch roll speed to provide approximately 
the desired thickness. Keep zeroing in on the product 
sizes required. With experience, this is a relatively sim- 
ple operation. Use a wax pencil to mark the bubble at 


FIG, 3: WATER BATH TAKE-OFF 
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the die when adjustments are made. When the mark 
comes to the wind-up cut out a profile and measure its 
gage. 

Once layflat width and average gage are close to the 
desired level, the uniformity of gage profile can be at- 
tacked. Slowly turn the air ring off and mark the bub- 
ble. Then cut a sample from the wind-up and gage 
around the bubble. Carefully note which is the right 
and left side and which are back and front. When the 
high and low spots are determined, move the adjusting 
ring, as a whole, to reduce the highs and increase the 
lows. Do not attempt to bend the adjusting ring to 
compensate for localized gage variations. Turn the air 
ring on after centering the die flow. To compensate for 
localized gage variations, the air ring is adjusted by 
whatever means are provided. If the air ring moves 
around the die, obviously no adjustments are possible. 


Casting roll take-off 


For casting roll take-offs, it’s convenient to prepare 
10 to 15 ft. of kraft paper for a starter. The paper 
should be wider than the sheet to be extruded. A few 
feet of the paper should be placed on top of the roll 
and the remainder draped behind. 

When material emerges from the die, allow it to 
fall on the kraft paper. Use a brass or bronze scraper 
to keep the resin off the die face. (The casting roll 
should be rotating while the paper is allowed to remain 
stationary.) Pull the paper forward slowly enough to 
keep the extruded web intact. Increase the screw speed 
now, if necessary. The object is to have a web that will 
be just the right thickness to handle when the kraft 
paper is through. One will learn the correct thickness 
the first time it’s done. When the paper is off the cast- 
ing roll, cut the web and pass the plastic sheet or film 
through the take-off to the wind-up stations. Allow up to 
30 min. for the extruder and die to reach equilibrium 
flow and temperature conditions. 

To adjust gage profile, cut a full width strip off the 
wind-up and measure it. Adjust the die blade, choke 
bar, or die zone temperatures to suit. Do not make too 
many adjustments at one time. Preferably adjust the 
highest gage spot and the lowest, or the two highest 
and the two lowest. Do not make all the adjustments in 
the same direction as the average blade, or die temper- 
ature will then go to one extreme or the other. For ex- 
ample, if one always corrects the low spots in gage by 
raising die temperature, many corrections will ultimately 
raise the average die temperature. 

When gage profile is satisfactory, engage the calender 
roll, if one is being used. Adjust the calender position 
to give uniform spacing side to side (or uniform pres- 
sure if pneumatically operated without mechanical 
stops). This is determined mostly by looking for a uni- 
form finish on the sheet and/or by checking gage pro- 
file again. 


Water bath cooling 


When extruding film into a water bath it’s usually 
necessary to get in there with your hands. The extru- 
date is allowed to drop down into the water. Next pull 
it down under the water, around the shoe, and then up 
and out of the water to the rest of the take-off equip- 
ment. The water bath start-up must be done with a 
low water level. Furthermore, the water temperature 
has to be low enough to immerse hand and arm. 

When the film is finally strung up, the water level 
and temperature are brought up. The water level should 
be between 14 to 1 in. below the die exit. The tempera- 
ture will depend very much on the resin being used 
and the balance of properties one wishes to strike. 

As the water temperature is being brought up, the 
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screw speed and take-off speed are increased slowly. 
Rapid changes result in handling difficulties in the 
take-off equipment. The maximum screw speed possible 
can only be determined by experiment. Each resin will 
differ. Take-off speed is adjusted to obtain the average 
transverse gage desired. If water is being carried over, 
engage the pinch rolls, and, if necessary, start the air 
knives. 

Profile adjustment is essentially the same as for cast- 
ing roll film and sheeting, previously covered. However, 
melt temperatures may be in a high region where the 
viscosity-temperature curve is flat. Under this circum- 
stance the zone temperature control does not function 
well. 


Take-off and wind-up adjustments 


When the operator gets a free moment there are sev- 
eral take-off and wind-up adjustments necessary. Trim 
and slitting knives should be engaged and finished 
widths measured. Tension should be kept low enough 
to prevent wrinkling but high enough to prevent tele- 
scoping of the winding roll of film or sheeting. It may 
be necessary to have separate tension zones in the take- 
off. If any antiblocking compound is applied to the sheet 
surfaces, this equipment should be turned on and ad- 
justed for proper powder delivery. Flame treating or 
corona treating equipment should also be turned on if 
required. 

If the extruder is equipped with a valve, its setting 
should be checked by looking for timewise gage bounce, 
color streaks, rough surface, etc. These symptoms indi- 
cate a higher pressure is needed. Don’t use more pres- 
sure than is needed as it may raise the melt tempera- 
ture. Pressure may also cause material to back up in 
vented extruders. 


Operations while running 


In a perfectly designed line, the operator need only 
feed the extruder, take off the product, and dispose of 
the trim. Because perfection can not be realized, the 
following items should be monitored during produc- 
tion. This will keep scrap and poor quality to a mini- 
mum. 

Gage control: A quality control system for inspecting 
gage should be set up. The frequency of inspection is 
dependent upon the statistical process stability and the 
degree of perfection required. As drifts in gage profile 
and gage timewise are observed, normal adjustments 
should be made. Large changes should be suspect. They 
usually indicate failure of a piece of equipment. 

If gage drops continuously over a period of time, it 
indicates the screens are becoming plugged. At some 
point the machine will have to be stopped and the 
screens changed. (Plugged screens can also be noticed 
by a creeping rise in back pressure.) 

Instrumentation; Readings should be made _periodi- 
cally of all instruments. These should be recorded. Any 
large drifts or sudden changes should be investigated. 

Appearance: The operator should be charged with 
the responsibility of watching sheet appearance. Things 
to look for are: lines, holes, surface defects, contamina- 
tion, etc. Product color should be checked as soon as 
possible after the start-up, especially for resins con- 
taining very little pigmentation. Changes in basic resin 
color show up more often in these cases. 


Color changes, shutdown, and cleanout 


Color changes are most conveniently made by good 
production scheduling. A clean machine should be 
started on crystal or white (very heavily pigmented 
white excepted). When these are finished, a light color 
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should be run. Successively darker colors should follow, 
preferably in the same hue or just one step removed. 
It is possible also to work back up from dark colors to 
light ones. 

The above type of color change is simply accom- 
plished by letting the first color run out of the hopper 
(so the screw is visible) and replacing it with the new 
color. Obviously, scrap is made until the change is com- 
plete. Do not wait for the very edges to change colors 
as this usually takes hours. The edges will be removed 
with the trim. : 

Dark greens and blues will be hard to flush out. 
Black will be practically impossible. In these cases, it 
is usually more profitable to shut down, without wait- 
ing for cooling, and clean all resin from the screw 
and die. If possible, the die should be replaced with a 
clean one. This saves downtime while the old one is 
cleaned. 

For shutting down, the process is relatively easy. 
Simply turn off die, gate, and extruder heats. Turn 
screw speed down low and continue to extrude while 
the equipment cools. During this time, withdraw melt 
thermocouples from the flow path. When the screw 
current becomes excessive or the product shows obvious 
signs of being cold, shut the screw off and then turn 
everything else off. 

For very heat-sensitive resins, it will be necessary to 
clean the equipment immediately. Otherwise degrada- 
tion may proceed to carbonization. 

Extruder cleanout can usually be accomplished by 
opening the gate and feeding clear material through the 
extruder. It is desirable to have the heats low at this 
time. 

When a new resin, not compatible with the previous 
one, is to be run next, the extruder screw should be re- 
moved and thoroughly cleaned. 

Dies can be cleaned in two ways. They can be opened 
while still warm or they can be allowed to cool to form 
a solid resin slug. In the former method, it is necessary 
to remove the molten resin with scrapers, etc. In the 
latter method, the die is reheated to melt the surface 
of the slug. The die is then opened and the slug is 
removed from it. 

The last traces of plastic on the die can be cleaned off 
by soft copper mesh or other mechanical means while 
the die is warm. If the die is hardened and also chrome- 
plated, a wire brush can be used. However, these 
methods are tedious, do not generally produce really 
clean equipment, and are destructive to surface and 
dimensions. 

A molten salt bath is an alternate and efficient method 
for removing the ‘ast trace of resin from equipment. 
These baths save on both manpower required and 
equipment abuse. Before using this cleaning method, 
consult the salt vendors for use with your particular 
metal and plated surface. 

Dust is a hazard in a sheet or film extrusion depart- 
ment. It gets into the product via the hopper, or falls 
and sticks to the hot extrudate, or is attracted by static 
electricity. For these reasons do not cut paper cores in 
the extrusion room. Do not let trim or scrap grinders 
leak dust (enclose them if they do or relocate them). 
And above all, do not sweep the floor while production 
is in progress. Either vacuum the floors or sweep during 
shutdowns. Never blow pellets out of nooks with an air 
hose during production. Do keep hoppers covered when 
dust is flying while cleaning. 

If more than a few products are to be fabricated in 
the extrusion department it will be wise to set up 
standard operating procedures. The effort required ‘o 
accomplish this will be returned many times over in 
eliminating costly confusion. 
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Check list of defects and causes in: 


Extruded plastics parts 


ACRYLIC 
Defect: Surface roughness 
Possible causes 
Excessive die lip temperature 
] Excessive moisture in feed 

Air or volatiles entrapped in 

plastic melt 
[] Excessive melt temperature 


Defect: Flow lines 
Possible causes 
Lack of uniformity in melt tem- 
perature 
[] Excessive processing rates for 
specific equipment 
[] Mixture of different flow grades 


Defect: Internal bubbles 
(appearing after die discharge) 
Possible causes 

Excessive moisture 

] Rapid cooling rates creating ex- 
cessive differential in surface and 
internal temperature 

[] Airborne contamination in feed 

] High melt temperature and high 
process rates will aggravate bub- 
ble formation from any of above 
sources 


Defect: Internal bubbles 

(appearing at die discharge) 
Possible causes 

Entrapped air in melt discharged 
from screw 
Excessive processing rate for 
specific equipment 
Insufficient pressure in die 
Excessive compression ratio in 
screw design 


Defect: Surface haze 
Possible cause 
Low die body and lip tempera- 


ture 


Defect: Die lines 
Possible causes 
Imperfection in die lands, usually 
close to discharge plane 
Foreign particles lodged in die 
lips or approaches 
Improper balance of die and 
polymer temperatures 


Defect: Distortion lines 
Possible cause 
Differential die lip temperatures 


list on ABS polymers prepared by 
Chemical, Div. of Borg-Warner; on 
and High-Impact Acrylic by Rohm & 
on Cellulosics by Celanese Corp. of 

on Nylon 6/10, PTFE, FEP resin, 
m 6/6 by E. 1. du Pont de Nemours 
on Polyethylene by Union Carbide 

on Polypropylene by Hercules 

Co.; on Polystyrene by The Dow 
al Co.; on Flexible PVC by B. F. 
h Chemical Co.; on Styrene-Acryloni- 
polymers by Union Carbide Plastics Co. 
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1ON DEFECTS AND CAUSES 


caused by conduction or radia- 
tion losses. These are usually as- 
sociated with bolt clearance holes 
or clamping bolts affecting metal 
temperatures at polymer-metal 
interface 


Defect: Cross lines 
Possible causes 
Excessive friction or adhesion to 
rolls, supporting fixtures, etc. 
-] Vibration transmitted back to die 
discharge 
Shock from cut-off operations not 
damped out by draw mechanism 
-] Slippage in draw mechanism 


Defect: Localized variation in 
extruded dimension 
Possible causes 

Cycle variations in die tempera- 
ture due to poor temperature 
control where die cross-section is 
controlled by more than one heat 
control circuit 

[) Lack of uniformity of plastic 
temperature progressing through 
die; ie., excessive process rate 
for specific equipment 


Defect: Surging 
Possible causes 
Unfavorable barrel temperature 
profile in rear and center barrel 
sections 
| Seriously defective barrel tem- 
perature control 
(] Feed throat cooling not optimum 
Feed material not at constant 
heat content 
] Insufficient compression in screw 
design 


HIGH-IMPACT ACRYLIC 
Defect: Surface roughness 
Possible causes 
| Excessive die lip temperature 

[) Excessive moisture in feed 
() Air or volatiles entrapped in melt 


Defect: Bubbles 

Possible causes 
() Excessive moisture in feed 
(] Air or volatiles entrapped in melt 
[] Melt temperature too high 


Defect: Surface irregularities—wavy 
appearance 
Possible causes 
] Non-uniform melt temperature 
C] Excessive flow rates for equip- 
ment 


Defect: Dull or matte surface 
Possible cause 
[] Low die temperature 


Defect: Die lines 
Possible causes 
[) Imperfection in die lands 
() Foreign particles or burned poly- 
mer in die lips or approaches 
[] High die temperature 


Defect: Excessive heat build-up 
Possible causes 

[] Improper screw design — severe 
torpedo restriction or overly 
shallow channel 
Barrel temperatures too low with 
above screw types, resulting in 
frictional heating 
Polymer flow seriously blocked 
by melt frozen on screw 


ABS POLYMERS 
Defect: Lumps 
Possible causes 
Insufficient mixing action on ma- 
terial 
Temperature at feed end of die 
too high 
Insufficient screen pack 
Back pressure too low 
Insufficient stock temperatures 
Material contamination 
[] Die hang-up 
Defect: Rough surfaces or porosity 
Possible causes 
(-] Stock temperature too high or too 
low 
} Moisture in material 
[] Die land too long 
— Take-off roll speeds in need of 
adjustment 
[] Material contamination 
[] Die surfaces need to be cleaned 
and made smoother 


Defect: Variations in dimensions 
Possible causes 

[] Clogged hopper 

[] Die temperature too high 

[) Lag in control instruments 

[] Feed section of screw needs to 
be cooled 

[] Choke bar in need of adjustment 

[] Die land too short 

() Sereen pack needs replacement 

(] Rate of take-off non-uniform 


(—-) Screw speed not constant 


Defect: Pulsations 
Possible causes 
[] Lag in control instruments 
(1 Variations in d.c. voltage 
C1) Slippage in drive belts 
[) Insufficient screen pack 
[] Cooling mandrel in need of re- 
pair 
[] Variations in take-off 





Defect: Poor sheet appearance 
Possible causes 

[) Stock temperature too high 

C) Insufficient drying of resin 

(0 Die lips need to be cleaned 

(— Flow from die in need of adjust- 
ment 

(1) Output too low 

(] Non-uniformity in take-off 


CELLULOSICS 


Defect: Discoloration 
Possible causes 
[ Compound temperature too high 
(0 Mechanical work done by screw 
too severe 
[] Too much scrap being recycled 
[] Stagnation areas in either screw, 
gate, or die 


Defect: Die lines 
Possible causes 
[] Overheated die blades 
[] Carbonized material in back of 
the die blade or in non-stream- 
lined sections 
(0 Nicks or defects in the die 


Defect: Discontinuous lines 
Possible causes 
C) Extrudate not dry 
—. Extrudate temperature too high 


Defect: Drip marks 
Possible causes 
[) Plasticizer will condense on over- 
hanging die parts and drip on 
product 
(] Leaking between die sections 


Defect: Holes, blisters, flow bands 
Possible causes 

[) Poor seals between the die and 
gate, or gate and extruder 

[—) Breakdown of compound in areas 
of poor seal or poor streamlining 

© Nicks, scratches or other surface 
defects restricting melt flow 
Extrudate temperature too high 


Defect: Frosted surface 
Possible cause 


Low die heat 


Defect: Surging 
Possible causes 
Poor screw design 


Variation due to malfunctioning 
instrumentation 
Screw wear 


Variation in pellet feed 
| Variation in extrudate being re- 
cycled or large percentages of re- 
cycle 
Defect: Cross-lines 
Possible causes 
Take-off chattering 
In sheet or film cast onto a hot 
roll, lines may be caused by hard 
stripping 
Defect: Pit marks 
Possible cause 
[}) Localized contractions on contact 
with a cool surface of the take-off 
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Defect: Smudge 
Possible causes 
() Condensation of plasticizer on the 
take-off supports 
[ Bending and unbending of the 
extrudate 


NYLON 6/10 


Defect: Frothing of extrudate 
Possible causes 

(0 Excessive moisture in resin 

(0 Stock temperature too high at 
some point 

C1) Hold-up in equipment 
streamlining) 

[) Hot spot due to faulty thermo- 
couple (e.g., poorly located, bro- 
ken, etc.) 


(poor 


Defect: Roughness—aircraft hook-up 
wire jacket, etc. 
Possible causes 

[) Roughness of base wire 

[] Melt temperature too low 

( Insufficient vacuum 

[] High drawdown (in excess of 8:1 

based on cross-sectional area) 


Defect: Poor adhesion of nylon 
jacket 
Possible causes 
[ Drawdown ratio too high (in ex- 
cess of 8:1) 
C Insufficient vacuum 


Defect: Longitudinal splits in 
finished jacket 
Possible causes 
[] Moisture or dirt on base wire 
] Excessive moisture in resin 
[) Drawdown ratio in excess of 8:1 
[ Insufficient vacuum 
[] Die design—insufficient welding 
[] Extrusion temperature too low 


Defect: Erratic feeding (surging) 
Possible causes 
[] Rear barrel temperature too cold 
[] Poor screw design (no metering 
section, channel too deep) 
[) Belt slippage in extruder drive 
[] Undercut feed section 


Defect: Pimples or bumps on surface 
of coating 
Possible causes 

(1) Roughness of base material 

[} Moisture in base material 

[] Cross contamination of resin 

(— Insufficient plastication of melt: 
a) extruder barrel too short; 
b) poor screw design; c) insuffi- 
cient screen pack 


Defect: High power requirement of 
extruder (high amperage) 
Possible causes 
(1 Improper screw design: a) solid 
nylon particles are wedged be- 
tween the land of the screw and 
the barrel wall—avoid the use of 
an undercut feed throat; b) too 
deep a feed and/or metering sec- 
tion. Solid particles conveyed all 


the way to the screen pack cause 
plugging 

(1) Barrel temperature too low 

() Degraded material on the land of 
the screw after too many start- 
ups and shut-downs with poly- 
mer in the barrel 


POLYETHYLENE 
P/E FILM 


Defect: Low strength 
Possible causes 
[1 Thin spot in film as extruded 
(0 Excessive temperature and pres- 
sure in nip 
(1 Cold compound 
[] Unequal orientation, excessive 
shrinkage in one direction 


Defect: Poor clarity 
Possible causes 
(1) Cold compound 
(0 Poor cooling 
(1) Wrong type compound 


Defect: Wrinkles 
Possible causes 
() Improper alignment of haul-off 
gear with die 
(1) Non-uniform bubble geometry, 
unequal cooling 
() Dragging or sticking to collapsing 
frame or rolls 
[] Excessive caliper variation from 
die to cooling 
C1 Insufficient cooling 


Defect: Streaks or lines in film 
Possible causes 
(1 Dirty die lips 
(0 Weld or spider lines 
[] Material hold-up in die portions 
C[) Seratches from wind-up 
[] Poor mixing in extruder 


Defect: Wide variation of film gage 
Possible causes 
—1 Non-uniform temperature or flow 
from die lips 
[1 Non-uniform cooling across or 
around web 


P/E PIPE AND SHAPES 


Defect: Lines in machine direction 
Possible causes 

(1 Hold-up in die portions 

[] Dirty die lips 

[] Weld lines 


Defect: Roughness 
Possible causes 
[] Fisheyes or contamination 
[] Water pock marks 
(.] Air bubble pock marks 
(1 Cold compound 
(1) Moisture 
[) Sticking to sizer 
() Die too hot or too cold 


Defect: Low strength 
Possible causes 
() Low compound temperature 
C) Weak weld lines 
(— Lew wall thickness or thin spots 
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Defect: Varying diameter 
Possible causes 
{) Material surging 
[ Uneven take-off speed 
[) Sticking to sizer 


P/E SHEET 


Defect: Lines in machine direction 
Possible causes 
[J Dirty die lips or stagnation in die 
or head 
[ Scratched rolls 
Defect: Roughness 
Possible causes 
[J Cold compound 
(0) Poor mixing, screw channel too 
deep 
( Moisture in material 


Defect: Excessive caliper variation 
Possible causes 
(0 Material surging 
(1 Poor die adjustment, or die not 
clean 
— Variation in haul-off speed 


Defect: Surface blemishes 
Possible causes 
} Moisture in material 
Sticking to rolls 
DE Rolls too cold 


P/E EXTRUSION COATINGS 


Defect: Insufficient adhesion 
Possible causes 
[] Low material temperature leav- 
ing die 
] Excesive draw distance 
Coating precooled by air drafts or 
by sticking to chill roll before 
reaching substrate 
() Presence of excessive size, lac- 
quer, or oil on substrate 
Defect: Excessive caliper variation 
Possible causes 
() Material surging due to screw- 
speed variation or screw fouling 
Non-uniform die caliper 
() Material drawing non-uniformly 
from die, material temperature 
varying 


P/E MONOFILAMENTS 


Defect: Excessive strand breakage 
Possible causes 
() Compound too cold 
Material or screw surging causing 
strand variation 
() Excessive orientation for the ma- 
terial 
() Contamination 
n-uniform strand temperature 
ing orienting 
ven orienting speed 
Defect: Low strength 
Possible causes 
ifficient orientation 
inds oriented too hot 
ifficient annealing 


SN DEFECTS AND CAUSES 


POLYPROPYLENE 


Defect: Pulsation of extrudate 
Possible causes 
(C1) Inadequate L/D ratio, less than 
16/1 
[] Too low cylinder temperature 
profile 
(0 Erratic feed and feed tempera- 
ture, bridging 
Screw temperature too high 
Inadequate screw compression, 
less than 4/1 
Too short land area, less than 
20 or 30 to 1 
Non-streamlined flow in throat 
or die 
Insufficient screen pack 
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Defect: Poor surface 
Possible causes 
Surface moisture on material 

Short land length 
Low stock temperature 
Improper screw design 
Water marking 
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Defect: Poor toughness 
Possible causes 
[] Low stock temperature 
Unbalanced crientation 


PTFE TUBES 


Defect: Folds or flaps in tube wall 
structure 
Possible causes 
-] Powder sheared, over-worked 
[) Flash toward ram or between die 
and cylinder wall 


Defect: Blistering 
Possible causes 
] Too high drying temperature 
[] Entrapped moisture 
] Entrapped air 


Defect: Partial internal splits 
Possible causes 
] Insufficient deformation at 
mandrel 
] Temperature gradient across ex- 
truded tube cross-section 


Defect: Out of round 
Possible causes 
] Too much tension during drying 
and sintering 
] Uneven quenching 


Defect: Scarred surface 
Possible causes 

[] Dry spot in billet 
Extruding below 66° F. transition 
temperature 
High shearing of billet due to 
insufficient naphtha 

] Billets stored too long, causing 
loss of naphtha 
Scratches or pits in die, cylinder, 
or mandrel 


Defect: Dark grey color 
Possible cause 
Tubing overheated during 
sintering 


Defect: Excessive fibering 
Possible causes 

(C High shearing of billet due to in- 
sufficient naphtha 

—) Billets stored too long, causing 
loss of naphtha 

C Scratches or pits in die, cylinder, 
or mandrel 


Defect: Heavy dark or black 
splotches or streaks 
Possible causes 
[] Carbon residues due to grease 

and oil 
(j Airborne lint or flecks from cot- 
ton gloves 


Defect: Curling to one side and 
irregular flow, including 
rippled extrudate 
Possible causes 
() Uneven density in the preform 
1) Partial evaporation of naphtha on 
one side of preform 

] Faulty centering at start of 
extrusion 

} Faulty alignment of extrusion 
cylinder 


Defect: Uneven wall thickness 
Possible cause 
] Faulty centering at start of 
extrusion 


Defect: Wavy, broken surface 
Possible cause 
] Overworking powder before com- 
pounding 


FLEXIBLE PVC 
Defect: Surface roughness 

Possible causes 

[] Stock too cold 

—) Insufficient work 

-] Tip too close to die 

[] Cold die (dull) 

] Rate too high 


Defect: Porosity 
Possible causes 
[] Overheated compound 
] Trapped air or volatiles 
Low-compression screw 
(powder) 
[] Compound not fluxing far enough 
back in machine 


Defect: Excessive strains 
Possible causes 
[1] Drawdown at too low a 
temperature 
[] Too much drawdown 
[] Cold conductor with thin wall 
(1) Coolant at too low a temperature 


Defect: Black specks, dark streaks 
Possible causes 
[] Overheated compound 
([] Material caught in dead spot 
gradually flaking off 
[] Material burned on screw 
[) Contamination 


Defect: Surging 
Possible causes 
[] Improper feeding in hopper 





(0 Insufficient back pressure 
—) Inadequate screw cooling 
Cj Tip too close to die 


FEP RESIN WIRE COATING 
Defect: Surface roughness 
Possible causes 

([) Die temperature too low 

[) Melt temperature too low 

1) Resin velocity in die too high 
() Improper die design 

["] Rough die surfaces 


Defect: Coating not centered 
or not round 
Possible causes 
[] Die not centered 
C) Wire floating on quench water 
or contact with water not being 
made uniformly (uneven shrink- 
age) 
Hot wire dragging over metal 
surfaces 
[) Improper die design 
] Air gap too short 


Defect: Poor adhesion 
Possible causes 
[] Insufficient vacuum 
] Improper die design 
Contamination on wire 
[] Improper cooling 


Defect: Pinholes, splits 
Possible causes 
} Contaminated resin 
[) Too high draw ratio 
[] Stock temperature too low 
() Contamination on wire or pri- 
mary coating 


re 


Defect: Caliper variations 
Possible causes 
] Fluctuations in temperature of 
the stock 
Variation in speed of capstan or 
slippage of capstan 
(1) Variation in extruder output 
| Incorrect screw 
] Insufficient vacuum 
] Uneven wire payout 


NYLON 6/6 
Defect: Bubbling of extrudate 
Possible causes 
[) Excessive moisture content in 
resin 
7} Entrapped air: a) inadequate 
back pressure; b) poor screw 
design 
Melt temperature too high 
Melt spot due to faulty thermo- 
couple (e.g., poorly located, 
broken, etc.) 
Hold-up in equipment (poor 
streamlining) 
Defect: Weld lines 
Possible causes 
() Poor streamlining of breaker 
_ plate, etc. 
() Adaptor (containing breaker 
plate) or die too hot 
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() Differential flow around mandrel, 
ete.—poor mandrel design 


Defect: Reduced toughness 
Possible causes 

() Excessive moisture in resin 

(0 Stock temperature too high 

[] Hold-up time too long—extruder 
too large for the job 

[) Hold-up in equipment—poor 
streamlining 

[) Hot spot in adaptor or die 

(] Frozen-in stresses—poor control 
of freezing process 

[) Excessive drawdown—orientation 

(1) Use of poor quality regrind 

Defect: Erratic feeding (surging) 

Possible causes 

(1) Rear barrel temperature too cold 

[] Too much water cooling in 
hopper zone 

[) Poor screw design—e.g., no me- 
tering section, channel too deep 

[) Belt slippage in extruder drive 

[) Improper cut of resin, e.g., regrind 


Defect: Fisheyes in film, bumps or 
pimples in shapes and tubing, etc. 
Possible causes 
[] Insufficient plastication of the 
melt: a) extruder barrel too 
short; b) poor screw design; c) 
insufficient screen pack; d) out- 
put exceeds machine capacity 

(.) Adaptor and/or die temperature 
too low—partially solidified ma- 
terial flaking off 

(.) Dirty equipment 

[] Cross contamination of resin 


POLYSTYRENE 
Defect: Void or bubble in sheet 
Possible causes 
[— Insufficient drying 
[] Too high extrusion rate 


Defect: Surging or non-uniform 
dimensions 
Possible causes 
() Improper screw 
[] Rear cylinder temperature too 
high 
() Improper temperature control 
[) Uneven haul-off 
C) Improper die adjustment 


Defect: Poor weld line strength 
Possible causes 
[] Stock temperature too low 
[) Too cold spider legs 


Defect: Low extrusion rate 
Possible causes 
() Improper screw 
[) Inadequate power 
[) Inadequate cooling on haul-off 
[] Too great flow restriction 


Defect: Excessive heat build-up 
Possible causes 
() Improper screw 
(0 Excessive screw speed for screw 
design 
[] Too great a flow restriction 


Defect: Brittleness 
Possible causes 
( Internal stress build-up (shock 
cooling) 
[) Orientation 
Defect: Low gloss 
Possible causes 
[) Low die temperature 
(1 Low stock temperature 
(0 Low cooling roll temperature 


Defect: Die lines (continuous) 
Possible causes 
( Improper die adjustment 
() Build-up or imperfection in die 


Defect: Die lines (discontinuous) 
Possible causes 

[] Moisture in feed 

1 Too high material temperature 


Defect: Cross lines 
Possible causes 
[] Take-off chatter 
[] Temporary sticking to cooling 
fixture due to hot fixture or roll 


Defect: Pit marks 
Possible cause 
[} Localized contractions on contact 
with a cool surface on the take- 
off equipment 


STYRENE-ACRYLONITRILE 
COPOLYMERS 
Defect: Bubbles in product 
Possible causes 
() Decomposition of material (over- 
heating) 
() Entrapped air 
[) Moisture in material—severe case 


Defect: Lines in extrusion direction 
Possible causes 

© Moisture in material—mild case 

1) Nick in die 

[] Material hang-up in die 

Defect: Discoloration 

Possible causes 

( Decomposition of material (over- 

heating) 
(1) Unstable pigments or dyes 


Defect: Pits in surface 
Possible causes 
() Entrapped air 
(0 Contamination (perhaps due to 
decomposition) 


Defect: Rough or wavy 
surface at die 
Possible causes 
(C0 Insufficient mixing action on ex- 
truder 
(0 Unsteady takeoff 
[) Die and/or material too cold 
( Varying feed temperature at 
hopper 
[] Moisture in material 


Defect: Breakage 
Possible causes 
CJ Insufficient orientation 
[] Too rapid cooling 
() Awkward or rough handling 
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Compression and transfer molding 


By E. W. VAILL* 


W... thermosetting plastics 
materials are molded under heat 
and pressure, a basic irreversible 
chemical reaction takes place in 
the compound. This chemical re- 
action is known as polymeriza- 
tion and is a change in molecular 
structure. It converts the molding 
compound to a solid, infusible, 
insoluble state. 

Thermosetting molding materi- 
als are usually supplied to the 
molding industry in a partially 
cured state. The methods by 
which these materials are proc- 
essed to finished form are known 
as compression or as 
(plunger) molding. 

Compression molding consisis 
of placing the compound into an 
open heated mold cavity, closing 
the mold with a top force plug 
section, and applying pressures 
ranging from 2000 to 8000 p.s.i., 
according to the geometry of the 
mold. Since the temperature of 
the mold ranges from 280 to 380° 
F., the material absorbs heat from 
it and the resin structure is poly- 
merized or cured to the finished 
state. On the other hand, transfer 
or plunger molding involves the 
use of a plunger and pot which 
are separate from the mold cav- 
ity; the hot plastic material is 
transferred under pressure from 
the pot through runners into the 
closed cavity of the mold. 


transfer 


Handling prior to molding 


Most thermosetting compounds 
are supplied as particles ranging 
from fine powders to granular 
materials of mesh sizes from 6 to 
16. Other forms include the fluffy 
consistency of rag-filled impact- 


type compositions; the nodular 
Special impact materials which 
have a lower bulk factor than the 
more fluffy, higher impact types; 
and pastes and gunks. Molding 
compounds are usually supplied 
in 50-lb. multiwall bags or in 
275-ib. net fiber drums. The usual 
method of shipping bags is on 


*Te al Service Consultant, Union Carbide 
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wooden pallets; 40 bags to a pal- 
let or 2000-lb. net weight. For 
economical storage, four drums 
may be placed on a pallet and 
stored two pallets high. 

Since most thermosetting mold- 
ing compounds are somewhat hy- 
groscopic and quite subject to the 
absorption of moisture from the 
atmosphere, it is recommended 
that relative humidities in the 
storage area do not exceed 65%; 
excessive moisture absorbed un- 
der adverse conditions may affect 
not only the plastic flow proper- 
ties of the material but the physi- 
cal properties as well. Experience 
has proved that phenolic molding 
materials should be stored at 
temperatures between 65 and 75° 
F.; lower temperatures may af- 
fect the preform properties and 
cure speed. The material should 
be brought to room temperature 
before using. Temperatures higher 
than 85° F. should be avoided as 
some slight chemical reaction of 
the resin may occur which will 
affect flow properties. 

In storage areas where the floor 
is supported by columns, a load 
capacity of 350 lb./sq. ft. is rec- 
ommended. This is necessary in 
order that materials can be stored 
two pallets high when packed 50 
Ib. to the bag on 2000-Ib. pallets 
or two drums high when packed 
in 275-lb. fiber drums. 

One of the most important aux- 
iliary pieces of equipment in a 
plastics molding plant is the 
power lift truck, preferably of not 
less than 2500-lb. capacity. Such a 
truck facilitates the movement of 
pallets, drums, or bags of mate- 
rial to and from the storage areas, 
can be used for the movement of 
molds to and from the mold vault, 
and is handy for lifting and mov- 
ing molds for installation in the 
molding press. 

An economical method of load- 
ing the material into the hoppers 
of the presses is with a screw- 
type conveyor. The feeding mech- 
anism in such conveyors is con- 
trolled automatically by limit 
switches in the hoppers. The ma- 


terial is charged into an auxiliary 
hopper at floor level. 

When preforms are used (Fig. 
1, below), it is essential to main- 
tain uniformity from charge to 
charge and it may therefore be 
desirable to tumble the drums be- 
fore charging the hopper of the 
preform press. 


Preform area 


It is recommended that the pre- 
forming area be completely en- 
closed and separate from other 
plant areas because considerable 
dust is generated in the pre- 
forming process. A suitable ex- 
haust system should be installed 
for discharging to a properly 
grounded dust collector. It is also 
suggested that preform machines 
be equipped with a vacuum hose, 
the nozzle of which should be ad- 
jacent to the preforming die in 
order to pull off fines and dust 
generated during the reciprocat- 
ing action of the preform press. 
This same vacuum system can be 
used for cleaning the preform 
machine and the preforming area 


FIG. 1: Preform die 






































TABLE |: Compression molding pressures, in p.s.i., of projected land 
area vs. depth of molding" 





Conventional phenolic 


poe 
Depth of 
molding 


H-F 
preheat 
in, 

0- % 
%4-1\2 


1000 - 2000 
1250 - 2500 
1500 - 3000 
1750 - 3500 
2000 - 4000 
2250 - 4500 
2500 - 5000 
2750 - 5500 
3000 - 6000 
3250 - 6500 
3500 - 

4000 - 8000 
4500 - 9000 
5000 - 10000 


con ouwf & WY 


Low-pressure phenolic 


os 
No H-F No 
preheat preheat preheat 





‘ 


3000 350 1000 
3700 450 

4400 550 1500 
650 

750 2000 
850 ** 
950 + 


: 


as 
1250 ee 
ss 
** 


*ee#ee#e###e# @ 


* Source, Plastics Engineering Handbook, S.P.1., 3rd Edition. 


*Add 700 p.s.i. for each additional inch of depth; but beyond 4 in. in depth it is desirable (and 


beyond 12 in. essential) to preheat. 


** Add 
(and beyond 12 in. essential) to preheat. 


250 p.s.i. for each additional inch of depth; but beyond 4 in. in depth it is desirable 





when changing dies or material 
being processed. 

Preforms should be stored in 
drums or tote boxes which are 
equipped with suitable covers to 
prevent contamination. Each drum 
or tote box should be labeled with 
the material number, the plasticity 
or grade rating, weight of pre- 
form in grams, and the molding 
job number for which the pre- 
forms were made. 

Plastic gunks and pastes should 


FIG. 2: Effect of dielectric preheating on cure time. Pre- 
heating can increase mold’s output by 20 to 40 percent 
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be retained in their original ship- 
ping containers until the time they 
are used. 


Premolding conditioning 
Predrying and preheating both 
involve heat but are different in 
application. Predrying is the heat- 
ing of the molding material to 
drive off moisture and/or vola- 
tiles. Preheating is the application 
of heat to the molding material 
to deliver it to the mold cavities 
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at close to the required molding 
temperature, thus shortening the 
molding cycle by decreasing cure 
time. In many cases, drying and 
preheating can be achieved in one 
operation. Preheating also pro- 
motes dimensional stability, re- 
duces required molding pressure, 
and may make possible larger 
molded parts in a given tonnage 
press since lower molding pres- 
sures may be used. 


Preheating 


The three main methods of pre- 
heating thermosets are: 

1) Circulating hot air oven: 
Steam, electrical heating units, or 
gas burners may be used as a 
heating medium. Provision should 
be made in the oven for circula- 
tion of air to avoid hot spots 
which would result in non-uni- 
form heating. 

2) Infra-red preheating: This 
type of preheating can be used to 
great advantage in automatic 
powder molding. Infra-red lamps 
are mounted directly over the 
material in the hopper at the 
press. A constantly moving hop- 
per-agitator prevents overheating 
of any part of the compound. The 
material is fed into the preheat- 
ing hopper from a separate bin or 
conveyor belt. This type of pre- 
heating can result in as much as 
a 10% increase in automatic 
molding productivity due to 
shortening of the molding cycle. 

3) Radio frequency or dielectric 
preheating: This is the most ef- 


FIG, 3: Effect of preheating on mold closing 
time at 325° F. mold temperature 
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TABLE Il: Plunger mold pressure and preform ratio chart 





Plunger size 


- 


Ptunger force in tons 
— 


Perform size and weight* 





B 


Diameter 


4-3, 
5 


'’ 


D E 
For 8000 For 12,000 
p.s.i. p.s.i. 





71 10.6 
7.7 115 
8.3 12.4 
9.0 13.5 
9.6 145 
10.3 15.5 
11.0 16.5 
118 176 
126 19.0 
13.3 20.0 
14.2 21.2 
15.0 22.6 
16.0 24.0 
16.7 25.2 
17.7 26.6 
18.7 28.0 
19.7 29.6 
20.6 31.0 
32.5 

34.0 

35.7 

37.3 

39.0 

40.6 


4.000 
4.250 
4.500 


71.0 


78.5 117.5 


*For phenolic cellulose filled materials having a molded specific gravity of 1.40 and a preform density 


‘Maximum diameter of preforms is 10% less than plunger well diameter in 1/16 in. increments. 


*Maximum height of mold charge (stacked preforms), 2% times the preform diameter. 


*Total cubic inch volume of mold charge. 


*Total gram 


weight of charge (18.5 g./cu. in. x volume). 


Am 


H 


8.31 
9.06 
9.62 
10.00 
10.62 
11.25 


of 18.5 g./cu. in. 





fective and efficient method, es- 
pecially for preforms. The heat is 
produced within the material in 
a matter of seconds. Loading 
board preheaters are designed for 
use with multiple cavity compres- 
sion molds on a semi-automatic 
basis. These preheaters may also 
be used for heating multiple pre- 
forms in transfer or plunger 
molding. Dielectric preheating is 
used extensively for both auto- 
matic compression and automatic 
plunger molding. Moving belts or 
sliding trays are used for con- 
veying the material to the pre- 
heat: r and then directly into the 
moic or plunger well. 
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Dielectric preheating can in- 
crease a mold’s productivity by 
between 20 and 40%, depending 
upon the geometry of the molded 
part and the material being used. 
Figs. 2 and 3, p. 722, illustrate the 
effects of preheating on cure time 
and mold closing time. 

It is a recognized fact that 
molded parts, whether produced 
by the compression or plunger 
method using radio frequency 
preheated preforms, normally 
have higher density and less in- 
ternal porosity than the same 
parts produced from cold powder 
or preforms. This more uniform 
density condition promotes better 


physical properties of the molded 
part, with greater dimensional 
stability. 

In radio frequency preheating, 
certain procedures should be fol- 
lowed to obtain maximum effi- 
ciency from the preheater. It is 
good practice to automatically 
control the time of the preheat 
rather than leave the heating 
cycle to the discretion of the op- 
erator. The preheating time of the 
next mold charge should also run 
concurrently with the cure so that 
there will be no loss of operating 
time over the complete cycle. The 
line voltage should be constant in 
order to maintain uniform pre- 
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SELLA rials, higher molding pressures 
Se ms “a aw, are desirable because, with the 
AY —MA~@eZ higher molding pressures, stiffer 

LA AD , plasticities or grades of material 
may be used. As a result, greater 
back pressure on the material is 
developed within the cavity of the 
mold at the time it is closed, 
which results in more uniform 
density of the molded part and 
shorter cures. Higher molding 
pressures produce thinner flash at 
the cavity and force parting line. 

When molding high-impact ma- 
terials of the macerated fabric or 
nodular types, molding pressures 
between 10,000 and 12,000 psi. 
are desirable because of the 
greater resistance to flow exhib- 
ited by these materials. 

In transfer or plunger molding, 
heating rates. The electrodes of mold. The projected land area of normal molding pressures range 
the preheater should be parallel the mold is the total area obtained between 6000 and 12,000 p.s.i. on 
to prevent non-uniformity in the by multiplying the width by the the plunger. It is very important 
heat when multiple stacks of pre- length of each cavity, including that the total clamping pressure 
forms are contained in the charge. land area, by the number of cavi- holding the mold halves together 
The preforms should be uni- ties in the mold. For each inch be at least 10% greater than the 
formly hard, dense, and of uni- of depth of moided article over pressure exerted within the cavi- 
form thickness, preferably rec- one inch, 700 p.s.i. should be ties and the runners which acts 
tangular and placed on their sides added. (See Table I, p. 722.) This to force the mold open. 
so that a constant dimension will minimum pressure applies to the 
be maintained between the elec- molding of cold powder or cold Mold temperatures 
trodes, preforms. If preheated preforms Mold temperatures range be- 
of general-purpose materials are tween 280° and 380° F. The actual 
used, the minimum required mold temperature will be deter- 
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FIG. 4 (left): Flash mold open with preform in place. When mold is 
closed (FIG, 5, right), flash is forced out between mold halves 


Molding pressures 


In the compression molding of molding pressure may be as low mined by the type of material be- 
general-purpose phenolic, urea, as 1000 p.s.i. with an additional ing used, the geometry of the 
and melamine materials, without 250 p.s.i. for each additional inch molded part, and whether or not 
preheat, the minimum molding of depth over one inch. In many cold powder or preheated pre- 
pressure is normally 3000 p.s.i. cases, particularly with improved forms are used. 
on the projected land area of the impact and mineral-filled mate- Mold temperatures may be 


FIG, 6: Internally landed positive mold FIG. 7: Internally landed semi-positive mold 
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maintained by the use of electric 
heater units, high-pressure steam, 

heaters, or gas as is com- 
monly used on rotary automatic 
pr ses. 

Maintaining the proper mold 
temperature within +5° F. is an 
important factor in thermosetting 
molding technique. The mold 
temperature has ‘an important 
bearing on the flow characteris- 
tics of the material, the physical 
properties of the molded part, and 
the cure time and production rate. 
Generally speaking, when cold 
powder charges are used, the 
higher the mold temperature (up 
to about 380° F.) the faster the 
mold closing time. When radio 
frequency preheated preforms or 
powder are used, it may be neces- 
sary to use lower mold tempera- 
tures — 325 to 350° F. — because 
the material is already at or near 
molding temperature and may 
have a tendency to precure or 
harden before the mold is com- 
pletely filled. It is not always nec- 
essary to maintain the same mold 
temperatures in the cavity as on 
the force plug of the mold; in 
fact, it is often advisable to oper- 
ate with different temperatures. 
Whether the temperature is 
higher or lower depends largely 
on the geometry of the piece and 
the resultant flow requirements 
for the material. 

Mold temperature’ variations 
may also depend upon wall sec- 
tions and the positioning of in- 
serts in the cavity or on the force 
plug. In some instances, higher or 
lower mold temperatures in the 
cavity or on the force plug may 
control whether or not the molded 
piece will remain in the cavity or 
on the force plug upon opening 
the mold. No specific rules can 
be followed to cause the molded 
part to remain on the side of the 
mold with the higher or lower 
temperature, since this depends 
to a large extent on the position 
of the knockouts, the geometry of 
the piece, and undercuts in the 
mold. 

When high pressure steam in 

» range from 100 to 180 p.s.i. is 

for heating the mold, the 
n lines for the top plate of 
nold and the cavity may be 
ed up either in series or par- 
depending upon the size of 
old. In small molds for shal- 
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FIG. 8 (left): Transfer mold, pot loaded 


low-draft small parts, series 
steam-line hookup is advisable. 
The steam channeling circuitry in 
this type of mold usually is not 
very complicated and there is 
little chance for steam condensate 
to become entrapped in the chan- 
nels and reduce the mold temper- 
ature in the area that surrounds 
the channeling. In large molds, 
with complicated channeling sys- 
tems, a parallel steam-line hookup 
is advisable. Here the steam en- 
ters both the top section of the 
mold and the cavity section at the 
same time, resulting in less dis- 
tance which the steam must travel 
before discharge into the return 
line. A parallel line hookup will 
result in more uniform tempera- 
ture between top and bottom por- 
tions of the mold. 


Mold cure time 

Key to high productivity of 
molded parts is mold cure time. 
By combining high mold temper- 
atures with high molding pres- 
sures and the stiffest possible 
plasticity of materials, mold cure 
time can be kept to a minimum. 

Mold cure times may be de- 
creased by the use of a gassing 
or breathing cycle on the mold— 
opening the mold about % in. 
after the initial close to allow 
gasses or volatiles developed dur- 
ing the curing process to escape 
from the cavity rather than be 
trapped in the molded part. De- 
gassing or breathing is a difficult 
process to control and should only 


FIG, 9 (right): Transfer completed 
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FIG. 10: Transfer molded part 
lifted by ejector pins 


be used as a last resort. If care is 
not taken, molded parts may ex- 
hibit dull areas, porosity, or weak 
sections because of lack of knit- 
ting of the material before and 
after opening of the mold. 


Mold design 

Good mold design plays an im- 
portant part in the economics of 
molding. The rnold must incorpo- 
rate the correct number of cavi- 
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ties to meet production rate de- 
mands and still hold unit cost in 
line. The shape of the molded 
part determines the choice of the 
type of mold which will produce 
sound pieces embodying optimum 
physical properties. As open press 
time is costly, the number of com- 
plete cycles per hour determines 
the efficiency of the mold. 

The simplest and most inexpen- 
sive type of mold is the flash 
mold. In this type, as in all types 
of compression molds, the mate- 
rial is fed directly into the heated 
mold cavity; the top of the mold, 
or force plug, is then closed for 
the time required to cure or set 
the material. The temperature to 
which the mold is heated and the 
pressure which is applied in or- 


FIG. 11: Plunger mold with 
pot loaded, ready to mold 
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FIG, 12: Plunger mold filled 
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der to obtain a_ satisfactory 
molded piece must be predeter- 
mined for each material used. 

Figure 4, p. 724, shows an open 
flash mold with a preform charge 
in place. The charge required 
must be more than enough to pro- 
duce the molded piece. When the 
mold is closed, the excess mate- 
rial is forced out between the two 
halves of the mold in the form of 
flash as in Fig. 5, p. 724. This type 
of mold gives constant piece di- 
mensions and is suitable for mul- 
tiple-cavity molds. However, low 
pressure is developed on the piece, 
which may result in a less dense 
structure than obtained by other 
mold designs. 


Internally landed 
positive molds 

One of the most popular molds 
is the internally landed, positive 
mold. This type is shown in Fig. 
6, p. 724, with the mold closed. 
Full pressure is developed on the 
piece only for the last fraction of 
an inch of mold travel or close. 
This type of mold produces parts 
with a maximum density since 
practically all of the pressure is 
exerted directly on the material. 
The final contact of the force plug 
on the internal land of the cavity 
insures constant dimensions of 
the molded part. It is essential 
in this type of mold that sprue 
grooves or flash escapement areas 
be ground into the cavity or the 
force to allow excess material to 
escape and to assure a thin flash 
not exceeding 0.005 in. thick on 
the land. This type of a mold has 
a vertical flash area around the 
periphery of the piece and it may 
facilitate finishing the molded 
part if a light belt sanding opera- 
tion is used. 

Figure 7, p. 724, shows an 
internally landed semi-positive 
mold which results in horizontal 
flash around the periphery of the 
piece. The position of this flash 
area facilitates tumble finishing. 

In the design of either an in- 
ternally landed positive mold or 
an internally landed semi-positive 
mold, it is essential that external 
pressure pads be incorporated on 
the surface of the mold, pref- 
erably at the sides or ends. Then, 
if the mold should be closed 
empty, the full hydraulic pressure 
of the ram will not be applied 


between the force plug and the 
cavity land areas, with consequent 
damage to the mold. 


Design of transfer molds 


In the transfer molding method, 
the material is fed into a pot, Fig. 
8, p. 725, and is then forced under 
heat and pressure through an ori- 
fice into the closed mold as shown 
in Fig. 9, p. 725. This method is 
usually faster than compression 
molding since the cure times, par- 
ticularly for thick sections, are 
usually shorter because the hot 
material is injected into the closed 
cavity under high pressure. This 
results in molded parts with good 
dimensional control and uniform 
density. Transfer molding is 
ideally suited for molding around 
inserts or the molding of intri- 
cate shapes with thin and thick 
sections. From an economic point 
of view, however, the mold cost 
is usually higher than for com- 
pression molding and the process 
is not well suited for automatic 
operation. 

Because the material enters the 
cavity at a single point, an ori- 
entation of the fibers is produced 
in a direction parallel to the flow. 
The shrinkage of the molded part 
parallel to the line of flow and 
shrinkage at right angles to the 
line of flow may be different and 
is therefore rather difficult to 
predict, depending upon the ge- 
ometry of the part and the posi- 
tion of the gate. 

When a transfer mold is opened, 
Fig. 10, p. 725, the residual disk 
of material left in the pot, known 
as the cull, and the sprue, or run- 
ner from the pot into the cavities, 
is removed as a unit. To remove 
the molded part from the bottom 
section of the mold, the center 
section must then be raised. 

In transfer molding, the pres- 
sure in the pot is developed by 
the action of the main hydraulic 
ram of the press. The area of the 
pot should exceed the area of the 
cavities underneath the pot by at 
least 10%, so that the wedging 
action of the material entering the 
cavities will not cause the mold 
to open and flash. 


Design for plunger molding 


Plunger molding is similar to 
transfer molding except that an 
auxiliary hydraulic ram is used 
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for exerting pressure on the 
plunger ram which, in turn, in- 
jects the material through a sys- 
tem of runners and gates into the 
closed cavities of the mold. The 
basic steps of this process are 
similar to those of the pot type 
or transfer molding method, as 
can be seen in Figs. 11 and 12, left. 
When the plunger is withdrawn 
and the mold is opened, the 
molded part may be removed 
from the cavity with the runners 
and cull still attached as a single 
unit. (See Fig. 13, right.) The 
over-all molding cycle in plunger 
molding is usually shorter than 
for transfer molding since there is 
no separate operation incurred in 
the removal of the sprue, runners, 
or cull. In plunger molding, it is 
essential that radio frequency 
preheated preforms be used in 
order to take maximum advan- 
tage of the fast cures which are 
obtainable. 

Another important factor which 
results in fast cures by the 
plunger method is the frictional 
heat developed in the material as 
it passes at high velocity through 
the small gates or orifices at the 
entrance to the cavity. 


Preform pressure 
in plunger molding 

Very important in the technique 
of plunger molding is the diam- 
eter of the preform and the 
height of the total charge of pre- 
forms going into the plunger well. 
Table II, p. 723, will be found 
helpful in determining the diam- 
eter of the preform and pressure 
chamber depth required for gen- 


eral-purpose phenolic materials 
to be plunger molded. The fol- 
lowing are fundamental require- 
ments: 

A) Sufficient space should be 
provided between the upper half 
of the mold and the head of the 
press so that it is possible for the 
preheated preforms to be easily 
and quickly loaded into the pres- 
sure chamber. 

B) The diameter of the pre- 
forms should be at least 10% less 
than the inside diameter of the 
pressure chamber to allow for 
swelling of the preform during 
the preheating operation. For 
rapid loading, the preform must 
drop freely into the pressure 
chamber without sticking or hang- 
ing up as it enters the mold 
cavity. 

C) The total height of the pre- 
form charge should not be more 
than 2% times the preform diam- 
eter (see columns F and G in 
Table II). 

D) The mold charge should be 
sufficiently large so that the cull 
of material left at the bottom of 
the pressure chamber is not less 
than %e¢ in. thick. Lesser quanti- 
ties are very apt to produce parts 
of low density due to a lack of 
positive pressure on the material 
entering the cavities at the end of 
the stroke. Thus, a slight cushion 
of excess material is used to in- 
sure good quality in the molded 
part. 

E) It is important that the 
plunger enter the pressure cham- 
ber at least 3% in. before coming 
in contact with the mold charge 
of material. If this precaution is 


FIG. 14: Data for determining gate size in plunger molds, ac- 
cording to the net weight of the molded part 
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FIG. 13: Plunger mold opens 
and molded part is ejected with 
cull and runners attached 


not taken, the softened material 
will, in all probability, flash when 
struck by the fast moving plung- 
er. The amount of flashing will 
depend on the clearance between 
the plunger and the chamber wall. 
This loss of material will result 
in porous or low density molded 
parts. The greater the clearance, 
the greater the amount of flashing 
which will be experienced as the 
mold closes. 

The usefulness of Table II is 
demonstrated by the following 
examples: 

Example A: To determine what 
size preform and pressure cham- 
ber should be used for a %-lb. 
or 227-g. mold charge, read down 
Column I to 214 g. (the nearest 
value to 227 g.) then across to 
the left. In Column H, the vol- 
ume of the preform charge is 
given as 11.60 cu. inches. The 
maximum height of the charge is 
set forth in Column G as being 
4.50 inches. This indicates that a 
pressure chamber depth of 5 in. 
should be adequate. In Column 
F, the maximum diameter of the 
preform is given as 1.812 inches. 
A 12.6-ton capacity top ram 
should be used for a plunger 
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pressure of 8000 p.s.i. The diam- 
eter of the plunger is found in 
Column A as 2 inches. 

Example B: The table may also 
be used to determine the maxi- 
mum mold charge possible for a 
particular set of conditions, as fol- 
lows: 


Given— 


Plunger diameter—3 in. 
No. of cavities—8 
From the chart— 


Preform diameter (max.)—2.75 in. 
Height of mold charge—687 in. 
Volume of preform 
charge—408 cu. in. 

Total weight of charge—755 g., max. 


Allowing 10% for cull and run- 


ners, this leaves 755 — 75 = 680 g. 
for the 8 cavities or 85 g. for the 
maximum possible weight of each 
molded piece. 


Gate size in plunger molds 
Fig. 14, p. 727, may be used 
as a starting point for determin- 
ing gate size according to the net 
weight of the molded part. The 
actual area of the gate for any 
individual molded part is depend- 
ent upon: 1) geometry of the 
molded part; 2) location of gate; 
3) plunger pressure available in 
particular press and mold ac- 
cording to number of cavities; 4) 
optimum mold temperature; and 
5) plasticity and heat sensitivity 
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of the material which is selected 
to be used for the molded part. 
These data should apply to the 
majority of plunger molded parts, 
which normally weigh less than 
200 grams. However, when a die 
is to be designed, it is necessary 
to recommend a minimum gate 
area. If non-filling is encountered 
when the new die is first tried, it 
is usually necessary to adjust 
(enlarge) the individual gates. 


Plunger mold runners, 
gates, culls 

Two types of runner profile are 
commonly employed in plunger 
or transfer molds—trapezoidal 
and round. 
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FIG. 15: Trapezoidal 


runner and rectangular side gate 




















FIG, 16: Trapezoidal runner 
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and rectangular center gate 
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FIG. 17: Half circular runner profile com- 





























FIG. 18: Full circular runner with a full 


bined with half round edge gate circular center gate 
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The trapezoidal profile can be 
cut on the face of one-half of the 
mold, as shown in Fig. 15, p. 728, 
combined with a rectangular side 
or edge gate. In Fig. 16, p. 728, the 
trapezoidal profile is cut into 
matching mold halves and com- 
bined with a rectangular center 
gate. : 

Figure 17, p. 728, shows the half 
circular runner profile combined 
with a half round edge gate. 

In Fig. 18, p. 728, is the full 
circular runner—one half circular 
runner cut on both faces of 
matching mold halves. Half round 
edge gates are cut on each half 
of the mold, forming a full circu- 
lar gate. 


j 


Figure 19, below, illustrates the 
half round runner combined with 
a straight rectangular gate on the 
side or edge of the molded ar- 
ticle, and Fig. 20, below, shows 
the half round runner combined 
with an overlapping straight gate. 
This design lends itself to con- 
cealment of the gate in a position 
where it does not mar the ap- 
pearance. It also offers the most 
economical finishing costs. 

In Fig. 21, below, the half round 
runner is combined with a rec- 
tangular gate in the form of a 
fan gate, usually located on the 
side or edge of the molded part. 
This type of gate is best suited 
to filling large flat areas. It allows 











better distribution and spreads 
the material as it enters the cav- 
ity, resulting in improved flow and 
minimized flow lines. In Fig. 22, 
below, the fan gate is applied to 
the top or face of the molded 
article. 

In the molding of tubular parts, 
difficulties with internal stresses, 
dimensional accuracy, and warp- 
age can usually be controlled by 
proper gating. Warpage is prob- 
ably the greatest problem and 
may be due to pressure stresses 
in the part upon ejection from the 
cavity and upon removal of the 
core pin. The use of the overlap- 
ping rectangular or edge gate 
(Fig. 23, p. 730) for tubular parts 
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FIG. 19: Application of half round 
runner and rectangular edge gate 
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FIG. 20: Application of half round runner and straight 
overlapping gate, placed on concealed face of part 

















‘ 











FIG, 21: Application of half round runner 
1 fan gate to side or edge of molded article 
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FIG. 22: Application of half round 
runner and overlapping fan gate 





is not recommended because the 
flow of material is not uniform 
around the core pin. The material 
flows down one side, as illustrated 
by “A,” and when the side is par- 
tially filled, the flow is diverted 
to side “B,” filling it completely. 
Then the continuing flow fills side 
“A.” In this short time interval, 
the material becomes semi-set. 
Side “A” is molded to the right 
density, while side “B” is com- 
pressed to a lower or varied den- 
sity. When the piece is ejected 
from the core pin side, “A” starts 
normal shrinkage but side “B” 
continues to expand 0.010 to 0.015 
in./in. before shrinkage occurs; a 
warped part results. 

















FIG. 23: Incorrect gating of tubular part 


Figure 24, below, illustrates the 
collar or ring gate, designed to 
obtain concentricity, which is 
placed to fill the cavity on the 
inside edge of the core pin. This 
technique insures a uniform flow 
of material down around the core 
pin and greatly reduces the tend- 
ency to bad welds and uneven 
filling of the cavity. 

Figure 25, below, shows a cen- 
ter disk or diaphragm gate, used 
to flow the material from the run- 
ner into the cavity at an even rate 
of distribution and in a flow pat- 
tern to control density. The ma- 
terial fed from a full circular 
runner and gate flows from the 
center of the disk and enters the 
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cavity in a more uniform pattern. 
When the part is molded, the disk 
gate may be removed by punch- 
ing or turning; if the gate is 0.003 
in. thick or less, it can be removed 
by tumbling. 

Figure 26, below, illustrates an 
improved design of cull at the end 
of the plunger. This ring design 
reduces the amount of material 
required to a minimum and per- 
mits fast cure of the cull. Note 
the location of cull and runner 
ejector pins. 


Mold vents 


Mold cavity vents are very im- 
portant in transfer or plunger 
molding. Vents are very small 


~CUT OFF HERE 


SPLIT MOLD 








VENTS ON 
CORE PIN 











FIG, 24: Correct gating of tubular part 
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FIG. 25: Center disk or diaphragm gate FIG. 26: Design of cull for plunger mold 
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grooves on the parting line of the 
mold from the lip of the cavity to 
the outer edge of the mold oppo- 
site to and farthest from the gate. 
Vents are normally 0.001 to 0.003 
in. deep and from 0.025 to 0.125 
in. wide. These vents allow the 
escape of heated compressed air 
and gasses as the hot plastic ma- 
terial enters the cavity at high 
velocity. Entrapment of these 
gasses would degrade or burn the 
material, causing porosity and 
mechanically weak molded parts. 


Finishing or deflashing 


Molded parts as they are re- 
moved from the mold have a de- 
gree of flash or excess material 
which escaped from the mold cav- 
ity during molding. This flash may 
be removed by tumbling the 
molded parts in a cylindrical bar- 
rel on a horizontal axis which re- 
volves at the rate of between 15 
and 25 r.p.m. Included with the 
charge of molded parts are wocd- 
en pegs or small wooden blocks 
which will assist in removal of the 
flash. The barrels are usually of 
octagonal cross sections with al- 
ternate open and closed panels. 
The open panels are covered with 
screens of wire mesh to permit 
the fragments of flash to fall out 
of the barrel as it revolves. 

Small blocks of dry ice are 
sometimes charged into the tum- 
bling barrel along with the 
molded parts and wooden pegs. In 
this case the flash on the molded 
article becomes cold and a cleaner 
flash break is obtained. If dry ice 
is to be used, a completely closed 
barrel with only small vents must 
be used to avoid rapid loss of dry 
ice through evaporation. 

A significant innovation in the 
deflashing process is the Wheela- 
brator. This utilizes a stream of 
small pellets, usually crushed 
fruit pits, projected at high speed 
at the molded parts which are 
tumbled over a continuous belt 
mechanism within the unit. The 
pellets, since they are not as hard 
as the molded parts, are non- 
abrasive to the material yet re- 

e flash not only from the per- 
ery of the molded part, but 
from holes and recesses. 
large moldings where com- 
design makes tumbling or 
ishing impractical, it is nec- 
ry to deflash by hand, using a 


RESSION AND TRANSFER MOLDING 





SEC. PER TOTAL CYCLE 














| | 


30 


36 





45 


+60 


490 


{20 
180 

















$.02 $.04 $.06 $08 $10 $12 $14 $16 $iI8 $20 


MOLDING COST PER CYCLE,DIRECT LABOR AND OVERHEAD 


FIG. 27: Data for calculating molding costs from sec. per cycle, cycles 


per hr., or molding costs per cycle 


file or broaching tool. Hand filing 
is a costly finishing method and 
should be avoided if possible. 
Large molded parts may also be 
finished with a flexible abrasive 
belt known as a sanding belt. In 
designing molds for parts to be 
finished on a sanding belt, it is 
advisable to use a vertical flash 
design. (For further details on de- 
flashing and finishing, see p. 800.) 


Automatic molding 


Figure 27, above, can be used 
in calculating molding costs from 
sec. per cycle, cycles per hr., or 
molding costs per cycle. Since di- 
rect labor varies from plant to 
plant and direct overhead charges 
vary according to the size of the 
press, the chart is based on com- 
bined direct labor and overhead 
charges of $6, $8, and $10/hr. On 
the basis of $2/hr. for direct la- 
bor, and $6/hr. for press over- 
head, the total operating cost on 
an hourly basis for semi-auto- 
matic molding would be $8 per 
hour. If the parts were molded 
in a completely automatic press, 
the operating costs would there- 
fore drop back to $6 per hour. 

Figure 27 can be used not only 
for reference but also to graphi- 
cally demonstrate the reduction in 
production cost by the use of 
faster curing materials, either 
with or without preheating. It also 
demonstrates the production cost 
savings by completely automatic 
molding which requires very little 


direct labor. Example: A molded 
part is being produced on a 60 
sec. complete cycle on a semi- 
automatic press with direct labor. 
If the plant costs, including direct 
labor and overhead on the press, 
are $8/hr., the cost per cycle is 
$0.132. If the same part were pro- 
duced in an automatic press 
where there would be little di- 
rect labor and the mold cycle is 
still 60 sec., the direct overhead 
would be approximately $6/hr. 
and the cost per cycle would be 
$0.10. This is a cost saving of 
$0.032 per cycle or $15.36 per 
8-hr. shift. 


Design of the molded part 


Good mold design plays a very 
important part in the economics 
of molding and, in many cases, is 
dependent upon the design of the 
molded parts. Dimensional tol- 
erances of the molded part that 
are too close are costly because 
of the care required in the mold- 
ing conditions, and the extreme 
care required in the handling of 
the materials being molded. Nor- 
mal molded part tolerances par- 
allel to the line of flow of the 
material are +.005 in./inch. Tol- 
erances across the line of flow 
may normally be held to +.003 
in./inch. 

A high luster mold surface in- 
duces better plastic flow and per- 
mits easier removal of the finished 
part from the mold. Chrome- 
plated cavities provide the best 
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mold release and luster of the 
finished part. 

One of the most important con- 
siderations in the design study 
of the molded part is cross-sec- 
tion thicknesses. Since the thick- 
est section of the molded part will 
determine the minimum cure of 
that part, the thinnest possible 
sections consistent with strength 
and intended functional load 
should be considered. Uniform 
distribution of anticipated stresses 
should be recognized, but merely 
increasing the wall thickness is 
not always the answer. This ex- 
tra thickness not only increases 
the material cost but also the 
molding cost due to the longer 
cure times required. A less ex- 
pensive solution is to use a higher 
impact material or to properly rib 
and fillet the thin sections. A 
good commercial average for wall 
thicknesses is a minimum of 
0.055 in. and a maximum of 0.312 
inch. Since heavy sections tend to 
shrink more than thin sections, a 
combination of thin and _ thick 
sections should be avoided wher- 
ever possible. Unbalanced stresses 
will be induced from these varia- 
tions in shrinkage and will cause 
the part to warp or distort. 


Molded part draft 


To facilitate the removal of the 
part from the mold, draft or taper 
on the side walls of the part, both 
inside and out, is essential. This 
draft angle should be a minimum 
of %° or approximately 0.004 in./ 
inch, 


Molded parts should be de- 
signed with rounded corners or 
radii of not less than 0.062 in. 
wherever possible. Sharp corners 
should be avoided since they form 
areas of 


stress concentration 


which can result in cracks in the 


molded parts and/or mechanically 


weak sections. 


Undercuts 


Small grooves or nicks may be 
ground into the side of the force 
of the mold to hold the molded 
part on the force plug rather than 
in the cavity when the mold 
opens. These undercuts should be 
ground on the mold in such po- 
sition that they will not detract 


from the appearance of the 


732 


molded part or interfere with the 
function of the assembled unit. 
Undercuts should be kept as 
small as possible and adjacent to 
the knockout pins. Large under- 
cuts in the design of the molded 
part may require special side draw 
pins which may complicate the 
molding procedure. In some in- 
stances, it is advisable to machine 
side holes and other undercuts in 
the molded part as a subsequent 
operation. 


Maintenance of dimensions 


Many factors affect the dimen- 
sions of molded parts. Where 
close tolerances are required in 
the assembled unit, it is some- 
times advisable to after-bake the 
molded parts in an oven at tem- 
peratures ranging from 200 to 
300° F. for periods from 30 min. 
to 3 hr., depending on the design 
of the molded part, the material 
used, and the final dimensions re- 
quired. 

Shrink blocks used with the 
part immediately after discharge 
from the mold may control warp- 
age but will not necessarily over- 
come after-shrinkage. 

The following conditions affect 
the dimensions of the molded 
part: 

1) Compression molding pres- 
sure: Higher pressures reduce 
shrinkage because of greater den- 
sity in the molded part. 

2) Plunger molding pressure: 
Higher pressures reduce shrink- 
age but, if the mold flashes, the 
shrinkage increases substantially. 

3) Temperatures: Above 335° 
F., higher mold temperatures in- 
crease molding shrinkage. Higher 
preform temperatures may reduce 
shrinkage due to liberation of 
moisture during the preheat and 
more complete cure of the molded 
part. 

4) Mold cure: Longer cures re- 
duce shrinkage because of the 
more complete polymerization of 
the resins. 

5) Gate size in plunger mold- 
ing: Larger gates permit more in- 
ternal pressure in the cavities 
and higher density of the molded 
part; hence, there is lower shrink- 
age. 

6) Plasticity of materials: Ma- 
terials stiffer in plasticity, molded 
at higher pressures, result in 
lower shrinkage due to higher 


molded density and greater back 
pressure during the 
process. 
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Biow molding 


i n blow molding, the design and 
construction of . the extruder 
screw, blow-head, and mold, as 
well as proper processing condi- 
tions, all contribute to economical 
rapid-cycle production. 
Extrusion: The ultimate suc- 
cess in blow molding any hollow 
article depends to a large extent 
on the extrusion of a uniform, 
homogenous parison. This can 
only be done by the proper se- 
lection of extruder, plastic dis- 
tribution system, cross-heads, 
and dies. For this reason we shall 
discuss each separately. 
Extruder: It is possible to ex- 
trude high-density polyethylene 
or polypropylene with a 16-to-1 
length-to-diameter extruder, but 
much more satisfactory results 
will be obtained with a 20-to-1 
L/D, or greater, screw. The screw 
should preferably be of the con- 
stant-pitch, metering type of con- 
struction. It can either be the 
“polyethylene type” (long tapered 
compression zone) or the “nylon 
type” (one flight compression 
zone). The flight depth in the me- 
tering zone should be as follows: 


Extruder Depth in the 


size, in metering section 


2 0.060 to 0.090 
210 0.095 to 0.125 
3% 0.140 to 0.170 
41, 0.175 to 0.200 
Plastic distribution system: 
There are several methods now 
used to introduce the molten tube 
or parison to the blowing die. In 
general, they can be divided into 
the following categories, and the 
distribution of the plastic may 
lead to any of the final blow 
molding steps: a) Multiple cross- 
heads with “Y” or “T” manifolds 
appropriately valved; b) Single 
or multiple cross-heads with in- 
terrupted extrusion; and c) Type 
“a” with an accumulator. 

‘ith all of these systems care 
be taken to be certain that 
are no restrictions, eddies, 
r flow conditions that will 
in hangup of the material 
timate degradation. 


r, Tech. Service, Hercules Powder 
ngton, Del 
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Cross-head design: Care must 
also be taken in the selection and 
design of the cross-head. There 
are, in general, two types: 

1) That in which the core tube 
holder is supported by a perfo- 
rated plate, web, or crosspiece 
(see Fig. 2, below). 

2) That in which the core tube 
holder is supported by extending 
through the cross-head (see Fig. 
3, below). The plastic splits its 
flow about the core tube holder 
(see Fig. 1, below). 

Either of these methods will 
produce a tube, but the former 
will produce as many flow lines 
as there are support points, while 
the latter will have only two. By 
streamlining, baffling, or rippling 
and proper contouring of the plas- 
tic stream, these flow lines can be 
virtually eliminated in the Fig. 3 
cross-head. 

It has been found advantageous 
to have the core tube holder 
larger in diameter than the fin- 
ished die size. This provides a 
flow path in which there is con- 
siderable radial compression on 
the plastic material. This tends to 
increase the forces acting to pro- 
duce a uniform flow during this 
transition from the core tube 
holder to the die. 

Tube or parison die design: In 
the extrusion of polyolefins of the 
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higher molecular weight types, 
dies with relatively long lands 
produce the most satisfactory 
parisons. These long land dies cre- 
ate sufficient pressure in the 
cross-head and extruder to ob- 
tain the ultimate in uniformity 
and homogeneity. The length of 
the land required is dependent on 
the rate of extrusion desired, the 
L/D ratio of the extruder used, 
the screw design, and other ex- 
trusion conditions. Fig. 4, p. 734, 
is a graph of extrusion output rate 
vs. pressure, p.s.i., in the ex- 
truder at various screw speeds. 
Plotted on this curve are four dies 
geometrically the same except for 
land length. It can be seen that 
in order to maintain good quality 
it is necessary to increase the 
land length of the die as the out- 
put increases. No values have 
been placed on this graph since 
each and every die-extruder com- 
bination would produce a graph 
with its own values. Recognition 
of the principles depicted on this 
graph, however, will result in a 
more thorough knowledge of the 
interaction of die and extruder 
and help augment the proper se- 
lection of dies for each job. 

The land length ratio referred 
to here is the relationship of the 
parallel land to the annular open- 
ing formed by the tip and the die 
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FIG. 5: Land length ratio is 
relationship of parallel land 
to annular opening formed 
by tip and die 


(see Fig. 5, above). In general, 
dies with land length ratios in the 
range of 20:1 to 30:1 should give 
satisfactory results. 

When blowing shapes which are 
wider in one direction than an- 
other, it may be advisable to alter 
the shape of the die or tip so as 
to obtain uniform wall thickness 
throughout the blown article. This 
is best done by starting with a 
round die and tip and slowly 
altering them to suit. 

Extruder operating conditions: 
High-density polyethylene and 
polypropylene are usually ex- 
truded at stock temperatures of 
from 360 to 400° F. Distribution 
systems, cross-heads, and dies 
should be maintained at about the 
same temperature as the stock. It 
is preferable to operate the ex- 
truder with a neutral screw. Re- 
ground can be blended back into 
the process at up to 50%, depend- 
ing upon the nature of the re- 
ground. 

Materials for molds: Since rapid 
cooling in the mold is essen- 


tial for high production rates, 
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molds for blow molding should 
be constructed with materials 
having high heat-transfer coef- 
ficients. Molds may be cast or 
machined, or a combination of 
both. Alloys of beryllium copper, 
aluminum, or Kirksite are all ex- 
cellent construction materials. 
Since the greatest mass of plastic 
in the blowing operation is lo- 
cated at the neck and/or pinch-off 
areas, maximum cooling efficiency 
is required at these locations. Be- 
cause of its better heat-transfer 
qualities, flash-chrome-plated be- 
ryllium copper is preferable to 
steel. When a tough, hard insert 
is required at the pinch-off, steel 
should be used. In practice, two 
or more metal alloys in a blow- 
ing mold will often be found to 
be most effective, providing the 
maximum in cooling rates and 
economy. 

Steel molds may be employed 
for long-term runs, but special 
provisions for adequate cooling 
should be made to obtain parts of 
desired quality. Steel molds, while 
more durable, are considerably 
more expensive to build. Because 
they require a longer cooling 
cycle, production rates will be 
lower than those possible with 
molds made of nonferrous mate- 
rials, 

Mold design: Particular atten- 
tion must be paid to the forma- 
tion of the pinch-off areas, since 
these will usually be the first sec- 
tions in the blown shape to be 
affected by either chemical or 
mechanical stress. Pinch-off lands 
may be between 0.020 and 0.120 
in. wide, with the parting line in 
the mold face below the pinch-off 
relieved at a total angle of not 
less than 15° (see Fig. 6, right). 
Pinch-off faces should never be 
knife-edged, nor at a very acute 
angle. Ideally, when constructed 
at the proper angle, the welding 
seam in the interior of the molded 
part will be flat or form a bead, 
and not a groove, as will happen 
if the mold is not correctly de- 
signed. A part with a groove at 
the welding edge is potentially 
weak at this point. 

When thin-wall parts are to be 
produced, the mold should be 
made in one piece, rather than 
constructed from separate parts. 
Otherwise, regardless of the qual- 
ity of the machining job, the 











joining lines of the separate mold 
sections will show on the finished 
piece. 

When dimensioning the mold, 
allowance must be made for 
shrinkage after the piece leaves 
the mold. Harsh angular contours 
should be avoided, or radiused to 
obtain greater impact and envi- 
ronmental stress-crack resistance 
in the blown structure. 

Cooling: The location of cooling 
channels in the mold is impor- 
tant for rapid cooling and parting 
line finish. Cooling channels 
should be adjacent to the parting 
line, and as close to the inside 
mold surface as possible, while 
retaining uniform mold surface 
temperature. Separate zones for 
the heavier top and bottom sec- 
tions should be provided for by 
the use of alloys and channeling. 
Faster cycles can often be accom- 
plished by the use of refrigerated 
cooling water. In general, molds 


FIG. 6: Mold design should pay 
particular attention to forma- 
tion of pinch-off areas (All 
sketches, Hercules Powder) 
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A typical calculation shows effect of swell ratio in 
determining die and tip size required to produce a 
high-density PE bottle of given weight and capacity. 
Problem: Produce a 4-0z. Boston Round bottle 2 in. in 
diameter, 4% in. high, with a )-in.-diameter captive 
neck, and weighing 14 grams. In the equipment being 
used, it is known that the following swell ratios apply 
to the PE being used (Hi-fax, Hercules) for the size of 
container being produced, under standard operating 


SWELL RATIO VS. 


DIE AND TIP SIZE 
Apply the following formula for obtaining ID: 


ID = | op: — ¥ 
an rL 


where V = volume of plastic 
and L = length of bottle in inches 
W where W = weight of bottles 
D and D = 12.55 (density of Hi-fax at 


V= 


conditions and temperatures. 


Computing die size: 


a a Neck size 
DS (Die size) = 


Parison diameter = 1.75 X die diameter 
Parison wall thickness = 1.95 X annular opening 


and ID = 





Computing tip size: 





Tip size = DS — 2 (AO) 


AO 


where AO is annular opening 


Parison wall = 


Parison wall 





OD — ID 
2 


Parison wall = 


OD = Neck size of bottle = .875 





Wall thickness swell ratio 


where OD is outside diameter of parison 
and ID is inside diameter of parison 


and tip size 


14 
= — =1.115 
12.55 


stock temperature in grams 
per cu. inch) 





= 4 |.875? — 
; = ——=.500 \ 
Diametrical swell ratio 1.75 


Therefore parison wall = 


10. 
and AO = 105 


5 — 2 (0528) = .394 


*Volume is the difference between areas of circles formed by 
outside diameter and inside diameter of parison, multiplied by 
the length of the parison, or: 


2” a” oe. ee 
V= ((2) — (2) ) L Therefore ID = qfov 2— “ 


4 (1.115) 


——amars a MTe 
3.1416 X 4.5 


OD — ID 
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-875 — .670 

mn we JES 


= .0528 








can be run at just about the tem- 
perature which causes condensa- 
tion on the mold (“dew point”) 
with no effect on the properties 
of the blown piece. 

In the production of large, 
thick-walled hollow structures, 
venting of the mold is essential. 
In highly polished molds, air is 
often trapped between the hot 
plastic tubing and the mold wall, 
resulting in a distorted surface 
finish. Venting such molds can be 
accomplished by grooves in the 
parting lines, valves in the mold, 
or by sandblasting the mold sur- 
face. 

Molds can be designed so that 
there is a minimum of trim, top 
and bottom. When intricate shapes 
are involved, trimming may be 
required about the entire piece. 

Wall thickness: Four factors 
govern the wall thickness of 
blown shapes: 1) wall thickness 
of the parison; 2) blowup ratio; 
3) flow properties; and 4) swell 
ratio 

Whatever wall thickness is de- 
sired may be achieved by proper 
coordination of these four factors. 

Wall thickness of the parison is 
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dependent on the diameter of the 
die and tip involved. 

Blowup ratio is the amount of 
extension of blowup in the plastic 
structure from the parison to the 
finished part. Allowance must be 
made in the design of dies for the 
natural and expected swell of the 
parison. When a large extrusion 
die is used and only slight blowup 
is required, the wall thickness of 
the blown shape will roughly cor- 
respond to that of the parison. 
Wall thickness will correspond- 
ingly decrease in the finished 
piece to the extent that the pari- 
son is blown up to fill the mold. 

Flow properties also have an 
important effect on wall thick- 
ness. While in certain instances a 
material with a higher melt index 
and correspondingly faster flow 
properties may be selected, resist- 
ance to stress-crack corrosion and 
the ability to control the parison 
during extrusion will be lessened. 
Parisons with thinner walls from 
a given die may also be achieved 
by raising the temperature. This, 
in turn, will yield articles of re- 
duced wall thickness. Certain ef- 
fects can also be accomplished by 


the use of an accumulator, in 
which case an increase in ram 
pressure will increase wall thick- 
ness and weight of the piece. 
Rigidity in thin-wall containers 
can be further increased by modi- 
fying the surface with such pat- 
terns as ribbing, honeycomb tex- 
ture, or compound curvature. 
Swell ratio: Polyolefins usually 
swell in diameter and in thickness 
as they leave the die. This swell 
ratio will control the diameter of 
the parison and its wall thickness. 
(See box, above, for typical cal- 
culation of a high-density poly- 
ethylene container.) Swell ratios 
may vary from machine to ma- 
chine and from one die size to 
another, as they will from mate- 
rial to material. In the case of 
one type of high-density PE (Hi- 
fax, Hercules Powder), the pari- 
son will swell to 1.75 times the 
diameter of the die opening and 
1.95 times the annular opening on 
a typical extrusion-rising blow- 
molding setup without an accu- 
mulator (see Fig. 5, p. 734). These 
swell ratios will vary with the rate 
of parison extrusion as well as 
with the use of an accumulator. 
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Thermoforming sheet 


a thermoforming is 
defined as any process in which 
thermoplastic material, in sheet 
form, is heated and caused to con- 
form to the contours of a mold. 

Thermoforming by mechanical 
methods dates back to the end of 
the 19th century when celluloid, 
preheated on a steam table and 
placed by hand into matched 
molds, was held under clamping 
pressure until cool. 

It was not until the mid-1930’s 
that any improvement in tech- 
nique was made. At that time, 
when clear acrylics came into use 
for aircraft blister windows, it be- 
came necessary to find a technique 
which would allow production of 
parts free of mold mark off. 

A free-blowing method was de- 
veloped in which material was 
heated in an oven, quickly trans- 
ferred to the forming apparatus 
and clamped, in the manner of a 
diaphragm, across the open top of 
a sealed box. Low air pressure was 
then admitted into the box, caus- 
ing the hot material to blow up 
into a bubble or semi-sphere 
where it was held until cool. As a 
variation of this method, vacuum 
could be drawn in the box, caus- 
ing the bubble to form inward. 

With the introduction of ace- 
tate, butyrate, and other cellulo- 
sics, also in the 1930's, a plug-and- 
ring method was developed and is 
still used to form these materials. 
In this method the preheated sheet 
material is clamped in a ring; then 
the plug, a male mold, is forced 
down into the sheet for a prede- 
termined distance, ferming the 
part. Variations of this basic 
method were developed to form 
products of differing designs. 

In the 1940’s, machines were de- 
veloped on which thermoplastics 
could be both heated and formed. 
These machines resulted in faster 
production by eliminating the 
need for hand transfer of heated 
material to forming stations. Fur- 
ther, they made possible economi- 
cal heating of materials to the 
exact temperatures required for 
forming. The earlier methods had 


*Producto Machine Co., 990 Housatonic Ave., 
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required overheating to compen- 
sate for heat loss which occurred 
during movement of the sheet 
from heater to forming equipment. 

Some mechanical forming is still 
used to a limited degree, but the 
majority of today’s thermoform- 
ing is done on versatile combina- 
tion machines using vacuum or 
drape forming or combinations of 
these methods with or without 
accessory devices. Pressure form- 
ing can afford production speeds 
up to 5 times those obtainable by 
vacuum techniques. 


Integrated forming lines 


In contrast to these versatile 
combination machines are ma- 
chines used in completely inte- 
grated, automatic lines for ex- 
tremely fast production of one 
item. For example, an integrated 
line producing 200 refrigerator 
door liners per hour contains two 
highly specialized vacuum form- 
ing machines. This production line 
begins with an extruder which 
produces high-impact styrene 
sheet material from scrap and vir- 
gin resin. The sheet is laminated 
on one side with a high gloss film, 
cut to size and stacked on a pallet. 
Pallets are moved to loaders which 
feed sheets onto conveyors from 
which they are lifted into the 
clamp frames of the vacuum form- 
ing machines. 

These machines are rotary types. 
As the clamp frame opens for 
a new sheet, the part just formed 
drops out and is carried to other 
machines for trimming and punch- 
ing. The new sheet moves around 
to the heating station, comprising 
stationary twin heaters, then to 
the forming and cooling stations 
and finally to the original station 
where it is dropped as a new sheet 
is clamped. Material trimmed from 
formed liners is transferred to a 
grinder, mixed with new resin in 
predetermined proportions, and 
fed to the extruder. 


Straight vacuum forming 


This is the simplest method of 
thermoforming. In this process, a 
vacuum removes the air between 
heated material and mold, and at- 
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mospheric pressure forces the 
softened plastic against the mold. 
Material may be clamped directly 
on the mold, or in a clamp frame 
located directly above the female 
molds usually used. 

Machines used for vacuum 
forming range from simple, manu- 
ally operated units to completely 
automatic models on which sev- 
eral different forming methods 
may be used. In low-cost straight 
vacuum machines, the material is 
usually manually clamped to the 
mold or mold box and the heater 
and vacuum control are manually 
operated. After forming, the fin- 
ished item is unclamped and re- 
moved from the mold. In an auto- 
matic machine, material is simply 
placed in the clamping frame and 
finished products are removed. 
The machine automatically clamps 
the sheet and the heater or heaters 
are actuated for a timed interval. 
Vacuum is drawn automatically 
and removed after a timed cooling 
period. The clamp frame then 
opens automatically for removal 
of the formed part. 

Straight vacuum forming is usu- 
ally used only for low profile 
items, since excessive material 
thinning occurs in forming deep 
parts. As a general rule, the depth 
of a round part should be no more 
than half the diameter, and for 
square or rectangular items the 
depth should not exceed half the 
smaller width. 

Vacuum forming with male 
molds placed in a chase is occa- 
sionally used when it is desirable 
to have the thickest plastic section 
at the top of the mold. This re- 
sults in added strength; however, 
material waste occurs because the 
heated plastic must be drawn into 
the chase to prevent excessive 
thinning at the base of the male 
mold. When strength on the top 
side is mandatory, this method 
may prove economical; however, 
in most cases it has been replaced 
by drape forming. 


Drape forming 
This method is used with ma'e 


molds to avoid material waste in 
forming parts requiring better 
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BASIC TECHNIQUES FOR THERMOFORMING SHEET 





1, STRAIGHT VACUUM FORMING 


2. DRAPE VACUUM FORMING 


3. FORCE ABOVE SHEET 
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4. VACUUM SNAP-BACK FORMING 5. PLUG and RING FORMING 6. FORMING INTO FEMALE WITH 


HELPER AND AIR PRESSURE 















































1. PRESSURE FORMING IN THESE SIMPLIFIED schematics of seven basic methods, letters 


indicate the following: A = Heater; B = Clamp; C = Plastic Sheet; 
D = Mold; E = Vacuum Line; and F = Air-Pressure Line. The 
methods (fully described in the text) are as follows: 1) Straight vacuum 
forming. Clamped in a stationary frame, the heated sheet is vacuum 
drawn into the mold. 2) Drape vacuum forming. Moveable frame or 
clamp drapes the sheet, softened by heat, over male mold before 
vacuum is pulled. 3) Force above sheet. Mold descends onto heated 
sheet, partially forming it; then the vacuum is pulled. 4) Vacuum 
snap-back forming. Vacuum is pulled, drawing pre-heated sheet into 
cavity G. Male plug moves down until it reaches a predetermined 
position. Vacuum is then applied through male plug. 5) Plug and ring 
forming. Heated sheet is placed over a ring and clamped down. Mold 
mounted on ram is forced into it. 6) Forming into female with helper 
and air pressure. As press closes, cored plug pushes heated sheet into 
cavity. Air pressure, introduced through plug, pushes sheet into female 
mold. Holes in mold let air escape. 7) Pressure forming. After heat- 
ing, framed sheet is formed between matched male and female dies. 

















material distribution on the side 
walls. With drape forming, this 
material distribution is obtained 
with smaller and thinner sheets 
than could be used if the item 
‘re vacuum formed. Relatively 
lcep parts are of higher quality 
when drape formed. Other advan- 
es of this method are lower 
t of male molds as compared 
th female molds, and the simple 
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forming and release which is pos- 
sible with deeper parts. 

In the drape method, plastic 
material is held in a clamp frame 
mounted above the male mold. 
After the sheet is heated, the 
clamp frame is lowered, pre- 
stretching the soft material over 
the male mold to the lowest mold 
level. The sheet is sealed at the 
edges of the mold chase and vac- 


uum is applied, pulling the plastic 
down over the mold. 

As female sections may be in- 
corporated in the male mold, it is 
possible to drape form complicated 
shapes. The general rule for round 
parts is that depth should not ex- 
ceed diameter or, for square or 
rectangular parts, the smaller 
width. 

Drape forming into a female 
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mold is used primarily with heavy 
plastics which sag excessively 
when heated. These materials fre- 
quently lock on male molds, de- 
laying production and spoiling 
parts. Elevating these materials 
above female molds during heat- 
ing prevents their touching the 
mold, After heating, the sheet is 
draped around the mold edges and 
sealed. Vacuum is applied to pull 
the material into the female mold. 
After cooling, the clamp frame is 
raised, stripping the part from 
the mold. 

Drape assist forming comprises 
the use of a fabricated steel 
framework mounted in the top 
clamp frame between the heater 
and the plastic sheet. During the 
drape action the assist prestretches 
the heated plastic between multi- 
ple male molds before vacuum is 
drawn. This technique has two 
important advantages: webbing is 
eliminated and male molds can be 
spaced closer together. 

As with vacuum forming, ma- 
chines for drape forming are 
available in a wide range of sizes 
and, whether manually operated 
or completely automatic, most 
commercial laboratory and pro- 
duction equipment will perform 
both operations. 

Automatic roll-fed drape form- 
ing machines capable of continu- 
ous operation 24 hr. a day can 
produce up to 50,000 small parts 
per hour. These machines require 
operators only for replacing ma- 
terial rolls. Plastic, from 0.005 to 
0.030 in. thickness, is drawn over 
the mold and clamping, heating, 
drape, and vacuum cycles are per- 
formed automatically. After cool- 
ing, the material is unclamped 
and indexed out of the mold area. 
Temperature-controlled, multi- 
cavity male molds are used in this 
operation. Finished parts are in 
web form when they leave the 
machine and may be indexed di- 
rectly into loading or cutting 
equipment, or into a packaging 
line. 


Plug forming 


In forming deep parts with small 
tapers (2 to 4°), plug forming is 
being used with increasing fre- 
quency to obtain uniform material 
distribution. Parts of this type 
have been a problem with both 
straight vacuum and drape form- 


738 







ing; heated plastic material can 
be drawn only a short distance 
before excessive thinning occurs. 
In plugging, the plug function is 
similar to the drape assist in that 
it is used to preform the plas- 
tic into a mold cavity prior to final 
forming by vacuum. This me- 
chanical prestretch draws mate- 
rial from the periphery of the 
mold opening and carries material 
from the center of the sheet to the 
bottom of the cavity, thereby con- 
siderably increasing the strength 
of bottom and side walls. On short 
runs, unheated wood plugs are 
frequently used, but they cause 
plug mark-off and chill rings on 
the part because of the fact that 
the plug is not heated. 

Improved plugging techniques 
for deep draw parts utilize heated 
metal plugs for best results. These 
techniques have evolved in the 
past few years to permit the form- 
ing of parts with depths which 
can be as great as 1% or more 
times the diameter. 


Snap-back plug forming 

This method, borrowed from es- 
tablished acrylic practices, utilizes 
a male plug as the final mold. 
There are three basic sequence 
operations using this technique: 

With pre-vacuum: Plastic ma- 
terial, clamped at the top of a 
vacuum box on the lower platen 
of the machine, is heated to form- 
ing temperature. Sufficient vac- 
uum is drawn in the box to pre- 
stretch the sheet downward. The 
male plug, mounted on the upper 
platen, moves down, driving the 
male mold into the prestretched 
material and sealing the chase of 
the plug against the plastic at the 
perimeter of the box. Vacuum is 
then released in the box and 
drawn through the mold, causing 
the material to form against the 
mold. This method is presently fa- 
vored for deep parts with gener- 
ous tapers and corners with large 
radii. One obvious advantage of 
this method is that it favors the 
natural sag of the material which 
tends to assist the prestretch. 

With pre-blow: The same pro- 
cedure is followed as in pre-vac- 
uum up to the sequence of pre- 
stretch. Instead of vacuum, air 
pressure is exerted through the 
box to expand the heated sheet 
upward. The male mold is driven 





downward into the bubble and 
vacuum is drawn through the 
mold, forming the part. This proc- 
ess is currently preferred for deep 
parts that are designed with small 
tapers and with relatively sharp 
radii. 

With “air-slip forming’”: This 
technique is a variation of the pre- 
blowing method. In this instance, 
the male mold is mounted on an 
upwardly movable lower platen 
enclosed in a sealed box. The sheet 
material is clamped at the perim- 
eter of the box, above the mold. 
When the plastic is heated, air is 
introduced into the sealed area, 
prestretching the material into a 
bubble. The mold is then moved 
upward into the bubble and, at 
the top of the stroke, air is re- 
leased and vacuum is exerted on 
the mold, forming the part. This 
method has been widely publicized 
in Europe and is being used in this 
country for deep drawn parts that 
are designed with small tapers and 
narrow radii. 

The major disadvantage of 
snap-back plug forming is the ne- 
cessity of maintaining the male 
plug mold at a temperature con- 
siderably below the forming tem- 
perature of the plastic in order to 
cool the formed piece. Plug tem- 
peratures vary from 120 to 200° F., 
depending on the material being 
formed. Prestretching of the 
heated plastic with plugs at these 
lower temperatures tends to chill 
the material, thereby resulting in 
markoff as well as non-uniformity 
of stretch. 

In order to overcome this, a re- 
finement in technique calls for the 
use of both plug and female mold. 
One major advantage of this tech- 
nique is to allow the use of high 
plug temperatures (250 to 325° 
F.) during the prestretch to ob- 
tain maximum material distribu- 
tion. No chill marks are left as the 
material is drawn away from the 
plug and formed against the fe- 
male mold. 

A further refinement is equip- 
ment to introduce air pressure be- 
tween the plug and material in 
addition to vacuum in the female 
mold. This added pressure, com- 
bined with finely detailed mols, 
allows unembossed sheet to De 
used in forming parts with fabr'c 
and leather grained surfaces. T::¢ 
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addition of air pressure to the use 
of vacuum also provides closer 
part tolerances. 


“Air-cushion” plug forming? 


For high production forming of 
extremely deep parts in female 
molds, plug forming into an “air 
cushion” is used.-In this com- 
pletely automatic process, the 
clamp frame, gripping the heated 
plastic, is draped slightly below 
the top of the female mold. : Air 
pressure from the female mold 
causes the plastic to balloon up- 
ward. Almost simultaneously a 
heated plug descends into the 
plastic bubble. Air jets from the 
plug bottom prevent actual plug- 
material contact and the plastic, 
stretched into the general shape 
of the final part, is pushed into the 
mold while suspended on a cush- 
ion of air. At the end of the plug 
descent, all air pressure is released 
and vacuum is drawn simultane- 
ously in the female mold. The ma- 
terial snaps into the mold and, 
after cooling, the formed part is 
removed by air blow-off and lift- 
ing the clamp frame. The “air 
cushion” stretches the plastic ma- 


terial sufficiently to result in 


exceptionally uniform distribution - 


throughout the part. This tech- 
nique is of particular advantage in 
forming polyolefin sheet materials. 

Variations of this female mold 
and plug technique are being de- 
veloped. New automatic sequences 
are used whereby the plastic can 
be partially drawn into the mold 
by vacuum and synchronized with 
the stroke of the plug for distri- 
bution of material into a specific 
area of the mold. 

Multi-purpose machines are 
available on which many of the 
above forming methods may be 
used one at a time or in combi- 
nation. These machines are com- 
pletely automatic and perform the 
various forming methods by pro- 
gramming switches which actuate 
the cycles required for a given 
method, As an example, one such 
machine can be used for vacuum, 
drape, and plug forming with heat, 
vacuum, and air pressure avail- 
able on both mold and plug if 
needed for “air cushion” forming. 
One or all of these processes may 
be used to form given items most 

iciently and economically. These 

applied for—Auto Vac Co. 
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combination machines offer a high 
degree of versatility, both in the 
variety of products and the range 
of material thickness which can 
be formed. 


Pressure forming 


Some thermoplastic materials, 
such as biaxially oriented styrene, 
Mylar, nylon, polyethylene, and 
polypropylene, cannot be formed 
satisfactorily by conventional vac- 
uum or drape forming or combi- 
nations of these methods. The 
characteristics of these materials 
—clarity, toughness, resistance to 
moisture absorption, etc.—make 
them very desirable for use in 
packaging, trademark displays, 
and decorative panels. 

Pressure forming, using air 
pressure from 25 to 200 p.s.i. in 
conjunction with direct contact 
heating of material, will form all 
thermoplastic materials, including 
those listed above, at speeds 5 
times faster than vacuum or drape 
forming. In addition to fast pro- 
duction, pressure forming enables 
formed products to be held to ex- 
ceptionally close dimensional tol- 
erances with uniform material 
distribution throughout the part. 
Intricate mold details are trans- 
ferred with great fidelity to the 
formed part. Materials up to 0.125 
in. thickness can be pressure 
formed to depths of 6 inches. Ex- 
cessive material thinning occurs 
if the part depth exceeds one-half 
the part diameter or smaller 
width. One major advantage of 
pressure forming over vacuum 
forming is the fact that a part 
pressure formed into a female 
cavity will have 25 to 30% more 
material at the bottom of the cav- 
ity than if it is formed by the 
straight vacuum process. 

In pressure forming machines, 
air pressure forced through the 
mold holds material directly 
against a heated platen for a timed 
period. The pressure on the mold 
is released, and air is introduced 
through perforations in the heater 
platen, forcing the material into 
the mold cavities where it is held 
by vacuum. The heated platen is 
immediately raised to permit fast 
cooling and release of the part. 
Male or female molds may be 
used. The heater platen may be 
mounted above or below the ma- 
terial for most efficient forming 


and indexing of any type product. 
By adding automatic material in- 
dexing, these pressure forming 
machines can be used in auto- 
mated lines and will feed a con- 
tinuous web of formed products 
to accessory machines for filling, 
sealing, cutting, etc. 


New developments 


New developments in thermo- 
orming equipment show a marked 
trend toward more sophisticated 
machines for fast, completely 
automatic forming using a wide 
variety of methods. In addition, 
the new machines can form larger 
and deeper items from thicker or 
hard-to-form materials. 

New double heater machines 
automatically form heavy sheets 
in less than half the time for- 
merly required. Capable of form- 
ing parts up to 4 by 6 ft. in 
size, these machines handle ma- 
terials to 0.250 in. thickness. Twin 
heaters, independently controlled 
for time and temperature, are 
mounted close to the clamp frame 
for fast, uniform heating with low 
power consumption. The bottom 
heater retracts automatically at 
the moment of material sag, while 
the top heater continues heating 
to the exact temperature needed. 
The forming area is directly below 
the heaters and, with both heaters 
retracted after heating, the form- 
ing area is clear. This allows 
forming on either the lower or 
upper platen; automatic control of 
vacuum, air, and heat is supplied 
at both platens. Programming the 
proper sequence switches auto- 
matically sets up any of the fol- 
lowing forming methods: straight 
vacuum, drape, snap-back, air- 
cushion/plug, plug/drape, or slip 
ring. Any combination of these 
methods may also be used for most 
efficient forming of a_ specific 
product. 

Pressure-plug forming is being 
developed to form deep drawn 
parts from the “critical” materials 
that cannot be handled efficiently 
by vacuum or drape forming. Ma- 
chine operation is basically the 
same as that of automatic pressure 
forming equipment with the ad- 
dition of male plugs within the 
closed system which are intro- 
duced into the plastic immediately 
before application of air pressure 
for final forming. 





Casting plastics 


O. the various thermoplastics 


materials that can be cast into 
sheeting, or 
end products, vinyl plastisols and 
acrylics are two of the more im- 


coatings, film and 


portant ones. 

In the case of the vinyl plasti- 
sols, when heat is applied (usu- 
ally at around 350° F.), the liquid 
fuses into a solid mass. As such, 
it is easily adaptable for use with 
a number of production molding 
These include: dip 


molding, slush molding, rotational 


techniques. 


molding, low-pressure injection 
in-place molding, and 
various combinations. All of these 


techniques are described in the 


molding, 


article which begins below. 
Vinyl plastisols and organosols 


PLASTISOL MOLDING 


Plastisols are dispersions of poly- 
vinyl chloride resin in suitable 
liquid plasticizers. At room tem- 
perature, plastisols may vary in 
from water thin to 
pastes; at about 350° F. 
fusion takes place, resulting in a 


consistency 
heavy 


tough, solid mass. Because of this 
liquid-to-solid conversion without 


the need for pressure, plastisols 


are adaptable to simple, economi- 
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can also be cast by high-speed 
methods onto a variety of sub- 
strates, to produce such products 
as coated textiles for automotive 
and furniture upholstery, tar- 
paulins and awnings, coated paper 
for luggage, and coated paper and 
felt base for flooring. How to 
formulate for these applications 
and the techniques evolved to 
apply the vinyl are covered in the 
article on vinyl plastisol and or- 
ganosol casting methods, begin- 
ning on p. 747. 

Casting, as used in the produc- 
tion of acrylic sheet that offers 
optical quality, freedom from in- 
ternal stresses, and very excellent 
outdoor aging characteristics, has 


also assumed considerable im- 
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cal molding by a variety of 
methods, all of which are de- 
scribed in detail below. 


Molding advantages 

Only lightweight, inexpensive 
molds are needed for molding. 
Plastisols are 100% solids and no 
significant loss in weight occurs 
during fusion. Molding plastisols 
are relatively low viscosity liquid 
compounds that can be pumped, 
poured, or sucked into a mold, or 
the mold may be dipped into the 


ROTATIONALLY CAST viny! plastisol arm rests filled with urethane 
foam are typical of automotive parts made by casting (Photo, Sun Rubber) 


portance. The process—and the 
formulations it requires—is de- 
scribed in detail in the article 
which starts on p. 758. 

In the thermoset family, poly- 
esters, phenolics, and epoxies are 
three of the more important ma- 
terials. The subject of cast poly- 
esters—for aircraft glazing, elec- 
trical components, decorative 
components, and buttons—is coy- 
ered in the article on p. 244. The 
use of phenolics and epoxies as 
casting materials for tooling, elec- 
trical, and industrial applications, 
etc., is covered in this section in 
the article which begins on p. 749. 

For additional information on 
the various resins that can be cast, 
consult the Subject Index. 


and DAVID P. JACKSONT 


liquid. Objects may be molded 
with thin or thick walls, depending 
on the molding procedure used. 

Plastisols may be formulated to 
have varied physical and chemical 
properties. Available in almost 
any combination, they include: 

Tensile strength—as required, 
to 4000 p.s.i. 

Elongation — as required, to 
600%. 

Hardness—(Shore A) from 10 
to 100; (Shore D) up to 80. 

Low temperature flexibility—to 
—65° F. 

Light stability—excellent. 

Chemical resistance—outstand- 
ing to most acids, alkalies, deter- 
gents, oils, and solvents. 

Heat resistance — -available to 
225° F. for as long as 2000 hr. and 
to 450° F. for over 2 hours. 

Dielectric strength—minimum 
of 400 v./mil when fused in sec- 
tions 3 mils thick and over. 

Toxicity—may be formulated 
with FDA accepted material: 

Color—all colors available, in- 
cluding phosphorescent and flu- 
orescent shades. 


Dip molding 


Dip molding consists of dipping 
an internal mold into the | quid 
plastisol, fusing or fluxing, and 
then stripping the finished a: ‘icle 
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off the mold. Automotive pump 
diaphragms, spark plug covers, 
collapsible tubes, thread pro- 
tectors, boots, and toys are a few 
of the items that may be made on 
a commercial basis by this tech- 
nique. The molds, usually solid, 
are made of cast or machined alu- 
minum, machined brass, steel, or 
ceramic. 

A typical dip molding system 
includes a conveyorized line pass- 
ing through a preheat oven, a 
dipping station, a fusing oven, a 
cooling station, and a stripping 
station. The preheat oven is used 
to heat the mold prior to dipping. 
Although in certain cases the 
molds are dipped at room temper- 
ature, normally they are pre- 
heated to control the thickness of 
the plastisol deposited on the 
mold. For most common applica- 
tions (wall thicknesses of “6 to 
%o in.), the mold is heated to 
approximately 300° F. prior to 
dipping. For heavier wall thick- 
ness the preheat temperature 
should be higher. The mold is in- 
serted into the liquid plastisol 
rapidly and then withdrawn at a 
rate of from 4 to 6 in. per minute. 
In some cases, the mold is in- 
verted, after withdrawal, to allow 
redistribution ‘of excess liquid 
plastisol. The plastisol on the mold 
is then fused at oven tempera- 
tures from 350 to 400° F. The 
length of time in the oven will 
vary from 5 to 15 minutes. After 
fusing, the mold is cooled (either 
by air or a water spray) and the 
molded piece is stripped from the 
mold. 

Combinations of expanded vi- 
nyls and plastisol skin may be 
adapted to this method of mold- 
ing, which is of particular interest 
in the manufacture of such items 
as boots and gloves because of the 
insulating qualities of expanded 
vinyls. 

The vinyl skin is formed as out- 
lined above. After the plastisol on 

mold surface is fused, the 
iold is inserted into the plastisol 
onge (chemically blown type) 
and then withdrawn. The 
1 is then usually inverted to 
redistribution of the sponge 
tisol and final fusion takes 
e at 350 to 400° F. 

ickness of the sponge sec- 

may be controlled by two 
hods: 1) heat of the mold and 
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2) rate of expansion of the sponge 
plastisol compound. 

Since mold detail is on the in- 
terior of the dip molded piece, the 
part is sometimes turned inside 
out, as is the case of dip-molded 
boots. This is usually true also 
of plastisol-sponge combinations 
since the insulation is required on 
the interior of the molded part. 

Dip molding can be done at high 
rates of production because many 
individual molds may be dipped 
at one time. This method also 
lends itself to practically auto- 
matic molding since the molded 
parts may be automatically re- 
moved or stripped from the molds 
by compressed air, so that a single 
operator can run a complete pro- 
duction line. 





Basic to slush molding is the 
ability of plastisols to solidify im- 
mediately on contact with heat, 
This feature is exploited by filling 
a preheated hollow mold with 
plastisol, allowing the material 
adjacent to the mold walls to gel, 
and returning the remainder to 
the reservoir. The wall thickness 
of the deposited film is controlled 
by the temperature to which the 
mold is preheated and the length 
of time the plastisol is allowed 
to dwell in the mold before be- 
ing dumped. 

This process usually uses elec- 
troformed copper or fine alumi- 
num sandcast molds. Heat is ap- 
plied to convert the plastisol to an 
elastomeric solid; the mold is then 
cooled for convenient handling 
while stripping the molded piece. 

Most of the production lines 
using slush molding follow one of 
two basic systems: single-pour or 
double-pour. Both are readily 
adapted to conveyorized lines. 

A single-pour system involves 
a single filling station where the 
molds are filled by vacuum, grav- 
ity, or pressure. If gravity or pres- 
sure filling is used, the filled 
molds are either spun or vibrated 
to eliminate bubbles at the ex- 
tremities. After filling, the mo!ds 
are heated—usually by infra-red 
or by immersing in hot water—to 
the temperature necessary to pro- 
duce the required wall thickness; 
the mold is then inverted and the 
still-liquid plastisol drained out. 
The plastisol lining left in 
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mold is then fused in an oven at 
temperatures from 350 to 375° F. 
Fusing time depends on the size 
of the molded piece and the wall 
thickness desired in the finished 
part. Following the fusing cycle, 
the mold is cooled, usually by fine 
water spray. 

In the two-pour. method, the 
cold mold is filled, usually by 
gravity or by pumping, and vi- 
brated to remove bubbles. It is 
then dumped, leaving a thin film 
of plastisol on the surface. By fill- 
ing a cold mold in this manner 
there is less chance of entrapping 
air or of gelation over fine details 
at the extremities. 

After dumping and draining, 
the mold is passed through an 
infra-red or hot-air oven to fuse 
or semi-fuse the first skin. After 
passing through the first pour 
oven, the mold is filled a second 
time, dumped, and allowed to 
drain. The length of time the mold 
is in the first oven determines the 
wall thickness of the final part 
because the heat of the mold re- 
tained from the setting or fusing 
of the first skin will determine the 
ultimate thickness of plastisol de- 
posited on the walls of the mold. 
The mold is then passed through 
a second oven for final fusing of 
the plastisol part. The mold is 
then cooled and stripped in the 
same manner as in the single- 
pour system. 

Sponge plastisol may be han- 
dled similarly when items such as 
boot socks and toys are manu- 
factured completely of sponge. 
When a plastisol skin-sponge 
combination is desired, a two- 
pour system is used, with sponge 
vinyl plastisol poured in the sec- 
ond step. This method is used in 
the production of dolls and doll 
parts, insulated boots, and elec- 
trical component covers. 

To point out advantages of the 
different processes is difficult 
since they are very similar in 
nature, and the final products in 
both methods are accepted com- 
mercially. However, it is obvious 
that handling in the single-pour 
method is at a minimum, whereas 
in the two-pour method the pos- 
sibility of air entrapment is re- 
duced to a minimum. 

Slush molding has many ad- 
vant: in the production of 
open hollow moldings. The proc- 
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ess is relatively simple. Parts 
which show no parting line may 
be made in a single-piece mold, 
When the piece is removed from 
the mold, it is finished and, except 
for decorating, there is no finish- 
ing expense, Undercuts present no 
problem whatsoever, and fine de- 
tail is easily obtained. 


Rotational molding 


The rotational casting of plasti- 
sols has become increasingly pop- 
ular, especially for long-run 
items. The rapidly expanding 
number of end uses for plastisols 
molded by this system is due, at 
least in part, to recent innova- 
tions in formulation which make 
available versions as rigid as 80 
on the Shore D scale. Such high 
hardness is accomplished by com- 
pounding acrylic ester type mono- 
mers into vinyl dispersions. The 
use of closed molds in the rota- 
tional molding process restricts 
the evaporation of these acrylic 
monomers during the initial heat- 
ing stages, allowing time for the 
monomers to polymerize to hard, 
high-molecular-weight polymers. 

Rotational molding produces 
completely enclosed hollow mold- 
ings in two-piece molds. A pre- 
determined amount of plastisol is 
introduced into one half of the 
mold; the two mold parts are 
clamped together and then rotated 
in two planes. This rotation is ac- 
companied by heating either to 
gel or to fuse the film of plastisol 
after it has been evenly distrib- 
uted on the interior walls of the 
mold. 

There are several advantages 
to rotational molding, namely: 
weight of molded parts may be 
accurately controlled; there is less 
possibility of contamination of the 
plastisol; the reject rate is lower; 
there is less scrap; and the opera- 
tion is much cleaner. 

Rotational molding equipment 
is generally classified as contin- 
uous-type or batch-type. Molds 
used for rotational molding are 
either electroformed copper oF 
cast aluminum; in some cases, 
machined aluminum molds are 
used. Depending on the surface 
desired on the finished product, 
the molding surfaces of these 
molds are left as-cast or polished 
to a high finish. Highly finished 





molds produce a glossy sur{2ce 00 
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the finished product, while unpol- 
ished surfaces leave a dull or mat 
finish. The parting line of the 
molds should be machined after 
casting so that the mold will close 
tightly, preventing leakage while 
the plastisol is in the liquid form 
and thus reducing objectionable 
flash which may remain on the 
molded part. ; 

The simplest type of rotation 
equipment is the batch-type. 
Basically it consists of a platform 
which rotates in two dimensions 
simultaneously and is normally 
enclosed in an oven for heating 
the molds while they rotate. The 
molds are filled outside the oven 
and clamped on a plate, which is 
then locked in place on the rotat- 
ing platform. In most cases the 
plastisol is fused while in the ro- 
tator; however, in some cases, the 
plastisol is merely gelled or set in 
this equipment and then removed 
and fused in a separate fusing 
oven. The advantage of fusing in 
a separate oven is a larger turn- 
over of molds in the rotator. 

The continuous-type of rota- 
tional molding equipment consists 
of a conveyorized system with in- 
dividual rotational stations which 
travel on the conveyor. A com- 
plete cycle includes automatic 
volumetric filling of the molds, 
automatic closing, engagement of 
rotational gearing, fusion of the 
plastisol while rotating, cooling of 
the mold either by water spray or 
cool air, automatic opening of the 
mold, and removal of the finished 
part. This equipment is highly 
mechanized and necessarily com- 
plicated. It is operated with a min- 
imum of labor and is capable of 
achieving a high production rate. 

In the rotational equipment 
described, the rotation in each 
axis or plane is regular or circu- 
lar in nature. By the use of ir- 
regular motion in each plane, one 
equipment manufacturer claims 
that a more even distribution of 
Plastisol in irregular molds may 
be obtained, and that, by the use 
of cams, localized deposition may 
be accurately accomplished. Thus, 
in the case of a hydrometer bulb 
or a toilet tank valve ball, one 
section of the molded part could 
be of a | eavy wall thickness while 
another portion could be thinner. 

This can also be accomplished 
through ingenuity in mold design 
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wherein the thickness of the 
molded section is _ controlled 
through the thickness of the mold 
walls in particular areas. Gener- 
ally speaking, since the heat is 
transmitted more slowly through 
a relatively thick mold wall, the 
molded section in this area would 
be thinner in relation to other 
areas of the article. 

The products manufactured by 
this process range from toys and 
novelties such as dolls, toy bowl- 
ing sets, beach balls, piggy banks, 
artificial fruit, and flowers, to such 
functional items as toilet balls, 
squeeze bulbs, industrial casings, 
and battery testing-unit housings. 
With a good portion of the toy 
market already realized in this 
field, the greatest potential now 
seems to lie in rotational casting 
of industrial pieces. The outstand- 
ing physical and chemical prop- 
erties of plastisols—combined with 
the wide range of design possibili- 
ties in forming by this process— 
certainly indicate the replacement 
of many tedious fabricating proc- 
esses using metal, rubber, leather, 
and ceramics. 


Low-pressure injection molding 


Plastisols are used in the man- 
ufacture of solid castings or solid 
molded parts, although not as ex- 
tensively as in the manufacture 
of hollow molded parts. The sim- 
plest process for the manufacture 
of solid molded parts is merely 
pumping or pouring plastisol into 
a cavity until it is filled. Usually 
it is necessary to use a covered 
cavity mold for this process be- 
cause during the heating or fusing 
cycle there is some expansion of 
the plastisol followed by some 
contraction on cooling. On parts 
where thick cross-sections are 
molded, bleeders are necessary to 
relieve or reduce the pressure of 
expansion. The time necessary to 
fuse any given molded part by 
this method will depend largely 
on the cross-sectional thickness 
of the part. A rule of thumb to 
determine appropriate fusing time 
is that for every % in. of cross- 
section, 7 min. of curing time 
should be allowed at 350 to 375° 
F. Molded parts with cross- 
sectional thickness as high as two 
inches have already been made 
and marketed. 

A more advanced technique for 
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this type of molding might be des- 
ignated as low-pressure injection 
molding. Low-pressure pumps 
of the grease-gun variety can be 
successfully used to inject the 
liquid plastisol into a two-piece 
mold or cavity. Here the molds 
must be designed with bleeders 
at the cavity extremities to allow 
for complete filling. The process is 
simply to close the mold, pump 
the plastisol into the mold until it 
runs out of the bleeders, place 
the mold in an oven for fusion, 
remove, cool, open the mold, and 
take out the finished part. 

The molds used for this method 
are of aluminum, copper, brass or 
steel, and they may be either 
sand-cast or machined. As in the 
rotational molds, the closing sur- 
faces of the two-piece molds must 
be machined to provide a tight fit 
and, again, the finish of the 
molded part depends entirely 
upon the density, polish, or tex- 
ture of the mold surface itself. 
The wall thickness of the metal 
molds should be kept to a mini- 
mum to provide for quick heat 
transmission, but thick enough 
for good structural strength to 
withstand the pressures involved. 

For the most part, solid plasti- 
sol moldings are made by the 
batch-process. Conveyorized con- 
tinuous molding processes are not 
practical, due usually to the 
length of time required for fusing. 
The batch-process is excellent 
when a limited number of parts 
are required since the mold cost 
in comparison with that for con- 
ventional molds is very small. 

Some applications of plastisol 
parts made by the batch process 
are seals for ceramic tile, sink 
and disposal stoppers, advertising 
display plaques, and novelties. 


in-place molding 


The outstanding moldability 
and versatility of plastisols have 
led to some very significant large- 
volume applications which can be 
designated “in-place molding.” 
Most successful use of this type 
of operation has been in the field 
of gasketing. 

For example, two leading man- 
ufacturers of the new dry, pleated 
paper, automotive  air-cleaner 
have used plastisols to very great 
advantage in molding end-seal 
gaskets. These manufacturers 


were able to replace a severai- 
step process involving precut gas- 
kets and adhesives with a simple, 
one-step, high-speed molding op- 
eration. Incorporated in the air- 
cleaner is a special corrugated 
paper as the filtering medium, 
surrounded by a metal screen for 
extra support. The air-cleaners 
are made by placing the filter and 
support elements in ring-like 
molds filled with liquid plastisol, 
and then fusing the plastisol. The 
operation is repeated for the other 
end. The fused plastisol not only 
consolidates each end of the filter 
into a sealed assembly, but pro- 
vides, as well, excellent air-tight 
assembly gaskets. 

Flowed-in gaskets are applied 
in the plant to vitrified sewer pipe 
by placing specially designed 
molds over the bell and spigot 
ends of the pipe length, filling 
them with plastisol, and fusing it. 
This new system has replaced the 
tedious process of joining pipe in 
the field with such compounds as 
okum and mortar and has already 
practically revolutionized the in- 
dustry. With this new gasket sys- 
tem, pipe can be laid at astonish- 
ing speed, even under water. 
Plastisol in this end use is formu- 
lated to a hardness which permits 
the pipe lengths to be fitted to- 
gether easily, forming a_ tight 
seal. A solvent wiped on the gas- 
kets lubricates the gaskets for 
joining the pipe and, when it 
dries, seals the gasket together 
permanently. One of the out- 
standing characteristics of plasti- 
sol in this end use is its ability to 
compensate for out-of-roundness 
in the pipe. 

Another large-volume applica- 
tion for in-place molding with 
great potential is the molding of 
flowed-in gaskets for bottle caps 
and jar lids. Fast flow, combined 
with rapid gelling and fusing 
properties, permits tremendous 
production speeds. 


Combined methods 


There are occasions, particu- 
larly with plastisol skin-sponge 
vinyl combinations, when the use 
of two of the above-mentioned 
methods is advantageous to pro- 
duce a single product. Such items 
as arm rests, gaskets, toys, 
squeeze balls, and electrical pack- 
ings may be produced with a 
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tough outer skin of vinyl plastisol 
and a solid interior of expanded 
vinyl. The skin can be formed by 
spraying, slush molding, or rota- 
tional molding; the interior by 
casting, low-pressure injection, or 
rotational molding. 

Combination plastisol skin and 
expanded vinyl products may be 
divided into two categories: 1) 
those in which the complete ex- 
terior surface is a plastisol skin, 
as in the case of arm rests, crash 
pads, toy blocks, squeeze balls, 
toys, etc., and 2) those in which 
only part of the surface is a plas- 
tisol skin, such as gaskets, pack- 
ing, chair seats, and others. 

For products requiring an ex- 
terior surface completely covered 
with plastisol skin, a combination 
of rotational molding and low- 
pressure injection molding may 
be used. In this case, the skin is 
molded in the normal rotational 
method. After curing of the skin, 
but while the mold is still closed, 
vinyl sponge or foam is injected 
into the interior of the mold. In 
the case of vinyl sponge, the 
amount injected is predetermined, 
but with vinyl foam the mold is 


filled. Then the mold is either 
placed back in the rotational 
equipment or into a conventional 
fusing or expanding oven. 

For products having a plastisol 
skin on only a portion of the 
exterior surface, several methods 
may be used. The vinyl plastisol 
may be sprayed on the surface 
of the mold either with or with- 
out masks and then set or fused. 
The vinyl sponge or foam is then 
cast into the mold and fused. The 
skin plastisol may also be slushed 
into the mold and cured, and then 
the sponge or foam cast and fused. 

The above outline of methods 
is necessarily generalized; each 
molder has his individual ideas as 
to fusing time, fusing tempera- 
tures, methods of removing or 
eliminating bubbles, preheating 
of molds, etc. The suitability of 
the plastisol to the method and 
type of mold used can be deter- 
mined only by experience. 
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PLASTISOL AND ORGANOSOL CASTING 


The high speed casting of plasti- 
sols and organosols on a variety 
of substrates probably accounts 
for the widest use of these plastic 
materials in the vinyl dispersion 
field today. Possibly 70 million Ib. 
of dispersion compounds are being 
used in this area each year. This 
includes at least half of all vinyl 
dispersions used. Such major 
products as coated fabrics for au- 
tomotive and furniture uphol- 
tarpaulins and awnings, 
paper for luggage, and 
coated paper and felt base for 
flooring are all produced using 
the plastisol and organosol cast- 
ing technique. 

Plastisols and organosol formu- 
lations used in this type of work 
are relatively simple. A PVC dis- 
persion resin, usually of the ho- 
mopolymer type, is used although 
copolymer resins are also avail- 

The use of copolymers is 
lly restricted to special ap- 
tions, however — e.g., lower 


stery, 
coated 
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temperature fusion, unique rhe- 
ological properties, and high level 
plasticizer compatibility. 

To this base resin plasticizers 
are added at levels varying be- 
tween 20 and 100 p.hr. (parts 
per hundred parts of resin). These 
plasticizers are selected on the 
basis of their ability to supply the 
finished product with a variety of 
desired properties which will 
vary with the end use of the 
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product. Awnings and tarpaulins 
require excellent ultra-violet re- 
sistance and good general weath- 
ering properties. Vinyl upholstery 
also requires good resistance to 
plasticizer extraction. Automo- 
tive upholstery requires a low 
tendency toward “fogging” or 
condensation of plasticizer on the 
interior of car windows during 
hot weather. Vinyl coated fabric 
used for outerwear garments re- 
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Vinyl dispersion resin 
Monomeric plasticizer 
Polymeric plasticizer 
Epoxy plasticizer 
Barium-cadmium stabilizer 
Lead stabilizer 
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FIG. 1 (above) and FIG. 2 (below): Schematic drawings of two possible 
techniques for producing vinyl foam-fabric laminates 
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quires good low temperature flex- 
ibility and hand qualities. Floor- 
ing requires a hard, abrasion- and 
stain-resistant vinyl wear layer 
also possessing good clarity and 
gloss to show the decorative pat- 
terns printed beneath it to best 
advantage. 

All these properties are for the 
most part a function of both the 
plasticizer level and type. Pri- 
mary plasticizers such as DOP, 
DCP, and other monomeric esters 
are supplemented to a modest ex- 
tent with epoxidized soybean 
types for added heat stability, 
epoxy stearates for heat stability 
and low temperature flexibility, 
polymeric plasticizers for reduced 
extractibility, TCP for flame re- 
sistance, extender plasticizers for 
reduced cost, etc. 

Harder products require low 
plasticizer levels. In many in- 
stances this plasticizer level is 
reduced to the point where proc- 
essing of the plastisol becomes 
difficult due to the attendant in- 
crease in viscosity. Volatile dilu- 
ents are then added to restore 
fluidity for processing to the paste 
without any loss in hardness. 
These diluents are generally of 
the aliphatic hydrocarbon type 
(VM & P naphtha, mineral spirits) 
and are added at levels up to ca. 
6 p.h.r.: Such compounds are 
known as modified plastisols. 

When plasticizer levels are fur- 
ther reduced to a point where in- 
sufficient plasticizer is available 
to even form a paste with the dis- 
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persion resin, diluent must be 
incorporated in the initial mix. 
Such compounds are known as 
organosols and are distinguished 
from modified plastisols only by 
the level of volatile diluent. 

In some special instances the 
plasticizers selected may have 
little or no compatibility with 
aliphatic hydrocarbons. In such 
an instance it would be necessary 
to blend aliphatic diluents with 
aromatic types, e.g., xylene, high 
flash naphtha, etc. at a level 
where solvency of the plasticizer 
in the diluent blend is assured. 

Stabilizers, fillers, pigments, 
blowing agents, wetting agents, 
etc., and other formulating in- 
gredients are also utilized to pro- 
vide a variety of functions, e.g., 
heat and light stability, reduced 
compound costs, opacity, foam, 
viscosity reductions, and so on. 
Some illustrative formulations 
are shown in Table I, p. 747. 

Plastisols and organosols for 
casting may be conveniently pre- 
pared in change-can or pony-type 
mixers. Best results are obtained 
when the paste is prepared in a 
highly viscous state to achieve 
maximum shearing action during 
mixing until all the resin is thor- 
oughly dispersed. This is done by 
adding only sufficient plasticizer 
and/or diluent to keep the paste 
viscous, adding the withheld liq- 
uids at the end of the mix. 

For low viscosity plastisols and 
organosols, high-speed mixers 
may be used. Here the resin is 


added to ali the liquids while mix- 
ing. Low viscosity insures rapid 
circulation of the compound to 
prevent localized overheating. 

Frequently, paint milling is 
necessary to both disperse pig- 
ments and give the entire batch a 
final refining to prevent any un- 
dispersed resin, pigments, or fill- 
ers from interfering with the 
coating operation itself. In the 
case of clear coatings, a deaera- 
tion of the plastisol or organosol 
is helpful in removing any en- 
trained air bubbles that otherwise 
might be fused into the final film. 

Once prepared, plastisols and 
organosols are cast onto their 
substrates using a variety of 
techniques. In fabric and paper 
coating, floating knife and knife 
over roll are commonly used. In 
more precise coating work, where 
thin-gage castings are required, 
reverse roll coaters are used. This 
is true for organosol flooring work 
and some fabric and paper coat- 
ing. 

In some cases the viny] is first 
cast onto a special release paper 
and subsequently laminated to its 
substrate just prior to fusion. 
After fusion the release paper is 
stripped away and used again. 
This technique is useful when 
substrates such as knit fabrics are 
unable to withstand the stress of 
being pulled through the coater 
without distortion. 

Unsupported films are also pre- 
pared by casting onto release pa- 
per or a steel belt and stripped 
off after fusion. 

Fusion is usually performed in 
forced air convection ovens, either 
gas or electrically fired with oven 
air temperatures in the 325 to 
400° F. range. In some instances, 
direct infra-red heating is used 
although this technique- is more 
difficult to control. 

Coated fabrics for upholstery 
and jacket wear are embossed and 
printed either directly after fu- 
sion or in a subsequent operation. 
A thin layer of an acrylic or vinyl 
solution resin coating is often ap- 
plied to provide the vinyl film 
with additional gloss and a more 
slippery, reduced tack surface. 

In the preparation of flooring 
products based on plastisol, the 
abrasion and stain resistance re- 
quirements of such a product call 
for plasticizer levels of about 35 
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p.h.r. Consequently the organosol 
technique is resorted to. Casting 
is done onto an asphalt saturated 
felt base or paper substrate. In 
the latter case the paper is sub- 
sequently laminated to the felt 
substrate. Reverse roll coaters are 
used for application of the com- 
pound due to the thin gages and 
precision of coating required, i.e., 
films of 2 to 12 mils are applied 
to the substrate in single or mul- 
tiple passes. 

Due to the deleterious effect of 
heat on the asphalt base, careful 
oven temperature control is re- 


quired to effect fusion of the vinyl 
without injuring the base mate- 
rial. 

Currently produced vinyl foam- 
coated fabric generally utilizes 
viny! dispersions in both the ap- 
plication of the vinyl foam and 
vinyl wear layers although calen- 
dered film is also used for both 
portions of the vinyl coating. 

The fabric used in the vinyl 
foam-fabric laminate is generally 
an elastic type of knit construc- 
tion which combined with high 
plasticizer level vinyl formulations 
does an excellent job of simulat- 
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Simplicity, speed, and low cost 
are the main reasons why the old 
art of casting is in widespread use 
today. The basic principles used in 
making a casting have changed 
little through the centuries, 
though new materials have wid- 
ened the scope and increased the 
usefulness of the casting process. 

The two plastic materials that 
have contributed most to the de- 
velopment of modern casting are 
the phenolic and epoxy resins. 


Phenolic resins 


Phenolic resins, a condensation 
product of phenol and formalde- 
hyde, are supplied as molding 
powders and as liquid resins for 
casting, coating, binding, and vari- 
ous other purposes. 

Cast phenolic resins are avail- 
able in an almost unlimited choice 
of shapes and colors; a variety of 
special effects that offer the ap- 
pearance of gems and metals are 
also obtainable. 

The cast rods, sheets, or tubes 
are easily machined and finished 
to produce a great number of con- 
sumer products such as beads, 
buttons, and kitchen ware, or to 
supply the electronics and missile 
industries with components. 


Wide range of epoxies 


Oxy resins are more versatile 
phenolic resins, and more 
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adaptable to many different uses. 
They also come in many forms, 
such as liquids for casting, lam- 
inating, trowelling, and splining; 
liquid and powder insulating res- 
ins; cast rods and other shapes, 
used mainly for electrical and 
electronic applications; liquids 
and putty-like or paste-like resins 
for coating, bonding, welding, 
patching, wood and metal repair. 

Rubber-like epoxy resins can 
be cast in hardnesses from the 
flexibility of plastisols to the 


FREE-FLOWING blend of 
water-clear resin and hard- 
ener is poured into mold 
to make a transparent epoxy 
casting free from tackiness, 
crazing, brittleness, and dis- 
tortion 


ing soft kid type leather. More 
rigid fabrics can simulate harder 
leather products. 

Figs. 1 and 2, p. 748, schemati- 
cally represent two possible tech- 
niques for producing vinyl foam- 
fabric laminates. 

Subsequent embossing and 
printing provides a foam vinyl- 
fabric product of the highest 
quality. Although its current use 
is primarily wearing apparel and 
accessories, this foamed product 
may eventually find its way into 
high-priced floor and wall cover- 
ings and upholstery. 


toughness of hard rubber. Others 
can be cured to almost any de- 
sired combination of rigidity and 
resiliency. New resins have been 
developed to provide resistance to 
abrasion and heavy-duty wear. 

There are now epoxy resins that 
resist heat as high as 500° F. con- 
tinuously and up to 700° intermit- 
tently. It is now possible to make 
crystal-clear castings in high-im- 
pact, rigid, or flexible form from 
improved transparent epoxy res- 
ins. 

Epoxy resins that are carved as 
readily as wood with standard 
hand tools, and that remain stable 
under variations of temperature 
and humidity, are available as 
boards, fast-setting repair pastes, 
and in sprayable form. 

When epoxies are formulated to 
meet specific requirements for 
casting or other end uses, factors 
to be considered may include cost, 
viscosity, exotherm, potlife, and 
thermal, physical, and electrical 
properties. 

A casting’s size and design, a 
potted component’s heat resist- 
ance, the space available for resin 
flow to fill a given void, or the 
abrading properties of a metal 
blank to be formed on a plastic 
tool may also determine the 
choice of formulation. 


Choosing an epoxy 


Casting epoxies range from 
free-flowing liquids with low mo- 
lecular weight and low viscosity 
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to solids with high molecular 
weight which require heating and 
melting. 

The low-viscosity resins are 
easier to work with than the 
longer-chain resins of higher mo- 
lecular weight. Their physical 
properties are less advantageous 
and their heat distortion points 
lower than those of high-viscosity 
resins and they are therefore 
meant to be used when heat dis- 
tortion and physical characteris- 
tics are not critical. The uses of 
low-viscosity formulations include 
filling large voids, such as cores 
of large metal-forming tools; ra- 
diation shielding, where the resins 
are highly loaded with fillers; and 
as lightly-filled casting materials 
for picking up fine detail. 

Where the performance of the 
finished casting is dependent on 
such characteristics of the resin 
as high strength and high heat 
resistance, the likelihood is that 
the appropriate formulation will 
be of the high-viscosity epoxy 
type with high molecular weight. 

There is considerable latitude 
in formulating epoxy resins to 
meet specific end-use require- 
ments because of the wide variety 
of hardeners, fillers, thickening 
agents, and diluents available for 
such formulations. This flexibility 
has helped bring about the con- 
stantly increasing use of epoxy 
casting resins in tooling, thermo- 
forming, foundry practice, and 
electronics. 


Fillers and curing agents 

An epoxy casting formulation’s 
potlife, gel time, exotherm, and 
curing time are linked with its 
hardener, as is the resin’s heat 
resistance. 

The uses of nonreactive, neutral 
fillers include lowering resin cost, 
dissipating heat of reaction, in- 
creasing thermal conductivity, and 
reducing shrinkage. Sometimes it 
is advisable to employ fillers that 
influence a casting’s surface hard- 
ness even at the expense of me- 
chanical properties. 

The nature of the end use and 
the knowledge of which charac- 
teristics are of primary impor- 
tance and which others less criti- 
cal are taken into account in 
making a choice among various 
carbonates, silicates, metallic and 
nonmetallic powders. 


Adding aluminum powder in- 
creases impact strength and heat 
conductivity; resins used in con- 
structing vacuum forming molds 
generally use fillers of this type. 
Silicates increase abrasion resist- 
ance. Electrical properties can be 
improved by adding mica, pow- 
dered glass, or asbestos. Carbo- 
nates lower the costs of formula- 
tions by increasing the resin bulk, 

Epoxies filled with boron, lead, 
or polyethylene are finding use as 
radiation shielding materials. 

The properties of castings made 
from epoxy resins can also be 
varied by flexibilizers, plasticizers, 
modifiers, and diluents. 

Flexibilizers (such as polysul- 
fides) and plasticizers may be 
found in shock-resistant formula- 
tions. Diluents are often added for 
better penetration as well as for 
lowering the viscosity of mixes 
that are hard to handle. Some 
diluents—styrene oxide, and the 
phenyl, butyl, and allyl glycidyl 
ethers—produce a plasticizing ef- 
fect on the resin, but may de- 
grade the physical properties of 
the end casting. 

While phenolic casting resins do 
not lend themselves to as many 
variations in formulation as do 
epoxy casting resins, special phe- 
nolic formulations are supplied to 
meet end-use requirements. 

It is somewhat more common 
for epoxies than for phenolics to 
be curable at room temperature 
or by a combination of room tem- 
perature and heat cure, after 
blending with an appropriate cat- 
alyst. However, an oven cure re- 
mains most typical for both resin 
groups when more critical appli- 
cations are involved. 


Resins for tooling 


Plastics tooling has won ac- 
ceptance because of its simple 
equipment requirements and the 
savings it provides in time and 
manpower. However, its success 
depends on knowledge of the 
properties of materials and on skill 
in handling them. 

Phenolics were the first group 
of resins to be widely used in tool- 
ing and are still used for some 
applications because of their low 
cost and their handling ease. 

Epoxies have come to the fore 
because their versatility fits them 
for a wide range of applications. 
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HAND HAMMER form is 
made by setting plastic foam 
core into plaster mold re- 
tained in frame. 
Epoxy casting resin is then 
poured around the foam core 


wooden 


It is estimated that 90% or more 
of the plastics used in tooling are 
now epoxies. Low shrinkage, good 
bonding and wetting properties, 
dimensional stability, physical 
strength, accuracy, and abrasion 
resistance are responsible for the 
popularity of epoxy resins as tool- 
ing media, 

Epoxies serve applications call- 
ing for high heat resistance and 
heat transfer—such as forming 
hot metals, plastics forming, and 
new methods using heat and pres- 
sure for mass casting. 

Combinations of materials can 
reduce the weight and cost of plas- 
tics tools, as when a tough epoxy 
surface is cast or laminated over 
a cast phenolic or phenolic foam 
core. Fillers may either be used 
as extenders for further lowering 
of materials costs, or to impart 
special properties such as resil- 
lence or wear resistance. 

The nature of the material to be 
formed, the number of parts 
needed, the allowable dimensional 
tolerances, and the heat and stress 

ich the tool will be exposed 
'l factors influencing resin 
yn, 
advantages of plastics tools 
metal tools stand out most 
y when there are complex 
urs which are difficult, cost- 
d time-consuming to ma- 
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chine. Non-complicated shapes 
may be better handled by con- 
ventional tooling methods. 

Plastics tools are frequently 
produced in days where compar- 
able metal tools might take weeks. 
Lead time is further reduced be- 
cause plastics tools ordinarily re- 
quire little or no barbering or fin- 
ishing before being put to work. 

Among special problems that 
plastics help solve is tooling for 
producing a small number of parts, 
where the cost of machined metal 
tools might be prohibitive. The 
aircraft industry, where the num- 
ber of formed metal parts is small 
for each new plane model, has 
switched almost entirely to plas- 
tics tooling. In the automobile and 
appliance industries, reliance is 
placed on plastics tools and dies 
because competition compels man- 
ufacturers to make frequent style 
changes and put these into effect 
quickly. 

Plastics tools can be altered rap- 
idly and inexpensively. They are 
easily modified or rebuilt by re- 
facing or recasting, with much less 
downtime than it would take to 
revise metal tools. They play a 
prominent part in prototype work 
by providing an economical way 
to develop metal-forming opera- 
tions on plastics dies prior to the 


construction of metal dies for 
longer-run production. 

Plastics tools are lighter than 
metal tools, so that manual rather 
than mechanical handling is often 
possible. Plastics tools are easier 
to store because they do not cor- 
rode. 


Selection of method 


Straight casting is most com- 
monly employed. The molds used 
for casting plastics tools can be 
made from almost any material 
strong enough to hold the resin. 
Rigid or flexible materials may be 
employed. Casting to close toler- 
ances requires costlier molds such 
as reinforced plastics, laminated, 
or steel molds. 

The type of resin, the size and 
contours of the casting affect the 
choice of mold. It is common to 
use a wood master or a plaster 
splash taken from the master. 
Sometimes an actual metal part 
may serve as a mold. 

Since phenolic casting resins at- 
tack metals, metal molds should 
be protected with a thin coat of 
Tygon. 

The strong adhesion of epoxies 
to many types of materials makes 
it necessary to apply parting 
agents to the mold surface. Among 
these agents are waxes, vinyl al- 


LOW-EXOTHERM casting resins have broadened size potential of 
plastics tools. Die below was used by major automobile manufacturer. 
Metal inserts at points of stress can be set in place during casting 
or fit into cavities machined into part 
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cohols, silicones, polyethylene, and 
fluorocarbons. They may be ap- 
plied by brushing, wiping, slush- 
ing, or spraying. 

Prior to casting, molds made of 
plaster or other porous materials 
have to be thoroughly dried or 
sealed with moisture-barrier seal- 
ants. Several coats of a sealant are 
usually applied, each coat being 
lightly sanded with 400 grit paper. 
The final surface is waxed and 
buffed before a parting agent is 
applied. 

Since the cast resin is capable 
of reproducing minute imperfec- 
tions that appear on the mold sur- 
face, great care must be taken in 
preparing the mold. Flaws have to 
be corrected, and mold prepara- 
tion should include sanding off 
blemishes, filling in hollows, and 
smoothing down any weaves or 
wave-like patterns which may 
have occurred on the surface of 
the mold. 

The resin-hardener mix is 
poured into the prepared mold 
and cured at room or elevated 
temperatures, depending on the 
nature of the resin and the size 
of the casting. 

Advantages of the casting proc- 
ess include low cost, speed, han- 
dling ease, and excellent pickup 
of detail. 

It is common to reinforce plas- 
tics tools to impart strength and 
to sustain the wear of longer runs. 
Glass and synthetic fibers are the 
most popular reinforcing mate- 
rials. 

To prevent serious erosion of 
contour, metal inserts are em- 
ployed at critical locations to 
strengthen plastics tools. The in- 
serts can be set in place prior to 
casting, or they can be fit into 
cavities milled into the cured and 
hardened tool. 

Reinforcing the resin with glass 
fibers or other synthetic fiber cloth 
is termed laminating. 

Laminating is done by first ap- 
plying a plastic gel coat to a pre- 
pared form and allowing the gel to 
become tack-free. The gel coat 
provides the tool with its surface 
properties like abrasion resistance 
and chip resistance. The coat is 
backed up to a predetermined 
thickness by successive layers of 
fibrous glass cloth or other fabric, 
impregnated with a laminating 
resin that may be brushed lirectly 
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onto the consecutive layers of the 
reinforcing material. 

Splining and trowelling are pro- 
cedures accomplished with the 
use of paste-like resins. These are 
thixotropic compounds that allow 
work on vertical surfaces. They 
are applied over the outside of 
male forms or the inside of female 
forms. 


Metal-forming tools 


Metal sheets of varying thick- 
nesses can be formed on plastics 
tools including draw dies, stretch 
dies, drop hammer dies, hydro- 
forming and rubber-pad forming 
dies. 

Plastics draw dies can be con- 
structed by several methods. They 
may be cast to exact contours 
from epoxy resins. They may have 
a cast plastic core and a laminate 
surface, or they may be made by 
casting plastic over a metal core. 

Plastics draw dies are primarily 
used in developmental work and 
for drawing of prototype parts. 
They are sometimes employed for 
actual production runs, usually in 
drawing parts of light-gage steel 
or aluminum. 

Plastics stretch dies have been 
made with working face areas of 
well over 100 sq. feet. The most 
usual method of constructing them 
is to cast an epoxy resin over a 
cured core of foam (generally 
phenolic, although other resins 
are used). Inexpensive high- 
strength cores are produced by the 
use of granite chips mixed with a 
special core resin. 

Laminated shells, cross-ribbed 
for added strength, are occasion- 
ally utilized in making stretch 
dies. 

The construction of plastics drop 
hammer dies often involves com- 
bining various types of plastic res- 
ins with other materials. Plastics 
punches with metal bottom dies, 
punches made with a facing of 
laminated plastic over a body of 
cast plastic, and punches strength- 
ened by steel weldments are com- 
monly employed. 

An interesting method of con- 
structing drop hammer dies in- 
volves casting a filled resin inside 
a laminate for the bottom half of 
the die, which is then placed in a 
frame where it serves as the mold 
for making the mating punch. A 
parting agent is applied, and the 
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punch is cast from a resilient 
epoxy face over a lead or Kirksite 
core. 

Easily adaptable to quick 
changes in design, plastics hand 
hammer forms are popular metal- 
forming tools when a smal! num- 
ber of metal parts is to be fur. 
nished. 

Hand hammer forms are cast 
solid or by pouring a casting resin 
over a foamed plastic core. 

Precision-cast inserts of brass 
and zine alloy may be locked into 
place prior to casting, by slots or 
bolt heads protruding into the 
plastic. The inserts may be set 
into the tool after the tool is cast, 
by chipping away a portion of the 
tool and casting the metal into 
position with additional resin. 

The development of low-exo- 
therm casting resins has overcome 
former limitations on the size of 
plastics dies for metal-forming. 

Dies weighing as much as six 
tons have been constructed in a 
continuous round-the-clock oper- 
ation—taking approximately one 
day for pouring and one night for 
setting. These large dies are often 
made with a core of a bulk-mass 
casting resin extended with gravel 
for cost reduction, and with an 
epoxy-glass cloth laminate for the 
face. Such tools, which have been 
made as long as 17 ft., are about 
half as heavy as comparable cored 
metal tools. 

A recent development of great 
significance to the missile effort 
and of great potential as a new 
outlet for plastics tooling resins is 
the use of plastics for the con- 
struction of high-energy-rate 
forming tools. 

Through the use of explosives, 
large sheets of metal can be 
formed and parts produced to 
within 0.001 or 0.002 in. of the 
die. Stage dies are generally elim- 
inated in explosive forming, and 
the parts produced are free of 
springback. 

The dies may be cast solid from 
epoxy resin. Where larger parts 
are to be formed, the die may be 
faced with cast or laminate epoxy 
backed up by concrete, Kirksite, 
or metal. 


Fixtures, jigs, and gages 


Plastics fixtures to check con- 
tour flanges and hole locations of 
parts are accurately made from 
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master models or duplicates of 
master models. The technique 
ysed may be either casting or 
jaminating. Fixtures and gages for 
complicated shapes are often made 
by hand lay-up of epoxy resins 
and fibrous glass cloth against 
models. An actual part as well as 
a model can be used as a mold 
for casting a plastic holding form. 

Plastics chucking fixtures have 
been found to hold die-cast parts 
more securely than machined 
steel jaws. The plastics fixtures 
retain their accuracy under con- 
sistent wear, and have recorded 
satisfactory service life of a year 
or more. 


Duplicates and models 

Plastics duplicates and models 
provide automobile manufacturers 
with a fast and inexpensive way 
of providing copies of actual or 
projected parts to send to acces- 
sory suppliers and assembly plants 
for reference. 

Such duplicates are often pro- 
duced by applying a gel coat and 
a laminate over a wooden die 
model. A framework of tubing or 
sheet stock, bonded into place, 
serves as a base. After setting, the 
female form is removed from the 
model. Parting agents are applied 
to the female form and the lam- 
inating process is repeated to 
make as many duplicates as may 
be necessary. 

Casting and laminating resins 
are used to make plastics study 
parts for planning of design, tool- 
ing, and assembly operations. 


Foundry applications 

Casting, laminating, and trowel- 
ling epoxy resins are all widely 
used in the foundry field. They 
lend themselves to simple dupli- 
cating techniques for making pat- 
terns that require almost no ma- 
chining, and that have smooth and 
pit-free surfaces for improved 
sand release. 

Available formulations stand up 
well under slinger operations. 
High-strength and high-heat-re- 
sistant resins are used to fabricate 
core driers for dielectric baking. 
Plasti: e now utilized for coat- 
ing wooden patterns and for 
patchir worn spots in patterns 
and metal core boxes. 

Carvable epoxy resins with di- 
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wood are often employed to fabri- 
cate sturdy and inexpensive mas- 
ter patterns. 


Plastics-forming tools 


Plastics tools and dies are being 
increasingly used for forming 
plastics as well as metals. 

Epoxy dies are utilized in proc- 
esses whereby thermoplastic films 
and sheets are shaped under heat 
and atmospheric pressure. Plas- 
tics dies for vacuum forming and 
drape forming are cast at a frac- 
tion of the time required for more 
costly and no more accurate ma- 
chined metal dies. 

One-piece bathtubs and huge 
sectionalized prefabricated swim- 
ming pools are turned out on plas- 
tics molds. A great number of 
reinforced plastics products of 
various sizes is made by vacuum- 
bag molding on cast and laminated 
epoxy molds. 

Plastics matched dies are being 
employed for low-pressure mold- 
ing of plastics components. Plas- 
tics tools are used for forming 
crash helmets and foamed plasties 
parts such as automobile cushion- 
ing and crash pads. 

Plastics pattern duplicates speed 
up mass production of products 
manufactured by latex dipping. 

Using heat and pressure, some- 
times employing vacuum, cast and 
laminated plastics dies are serving 
to shape precut and preheated 
acrylic sheets to produce aircraft 
windows and canopies, astro- 
domes, airfield landing light cov- 
ers, and large advertising signs 
and displays. 

Materials suppliers and molders 
are production-testing injection 
molds made from new epoxy res- 
ins with high heat transfer and 
high heat resistance. 


Plastics tooling prospects 


Progress is continuing in alloy- 
ing resins, and in combining plas- 
tics with other materials for fur- 
ther enhancement of properties 
and to step up advances in meth- 
ods and techniques. 

The attitude toward plastics and 
their uses is changing. Plastic ma- 
terials are increasingly being 
looked upon as new media for 
tooling, electronics, buildin and 
construction, fabrication of rocket 
and missile parts, and applications 
in other industries. 
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Electrical components are firmly embedded 
and hermetically sealed by Maraset encapsulat- 
ing resins .. . as in this use by Cosmos Indus- 
tries, Inc., Long Island City, N. Y., to protect a 
delicate filter unit from shock, heat, moisture, 
and contamination. 
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fours, are efficiently made with Maraset cast- 
ing and laminating resins. Time and labor sav- 
ings are particularly great in fabricating over- 
size fools like this stretch die used to form 
aluminum aircraft parts at the Cessna plant in 
Wichita. Marblette plastic tools can be con- 
structed to close tolerances, need little finishing, 
Ore easily revised for design changes, provide 
high resistance to abrasion. 
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Marblette 


Maraset epoxy compounds for encapsulating and 
impregnating adhere firmly to ceramics and 
metals, cure quickly, provide high dielectric 
strength and exceptional heat and shock resist- 
ance .. . for amplifiers, transformers, coil wind- 
ings, and many other types of electrical and 
electronic parts and assemblies. 


TING... 


Maraset epoxy coatings include enamel paints 
and varnishes for effective protection of surfaces 
and finishes . . . trouble-free maintenance of 
wood structures, masonry, concrete, pipes, ma- 
chinery, boats, electrical and other equipment. 
They assure a durable barrier against abrasion, 
heat, humidity, chemicals, and corrosives . . . in 
both indoor and outdoor applications. 


TOOLING... 


Maraset epoxy casting and laminating resins 
create time and labor savings as high as 80% in 
fabricating tools, dies, gages, fixtures, and 
foundry patterns. They make plastic tools that 
are light-weight, easy to handle and store, abra- 
sion-resistant, readily recast for design changes. 
New “special duty” compounds include heat- 
resistant resins that make possible pioneering 
uses such as epoxy components for injection 
molding . . . lead-epoxy formulations for high- 
density castings that provide effective radiation 
shields . . . rubber-like and resilient resins. 





Whatever your production requirements, there is 
sure to be a standard or “specially tailored” 
Maraset epoxy or Marblette phenolic resin to 
help you increase efficiency, cut cusis, outdistance 
competition. For free technical bulletins and 
production aid based on three decades of 
Marblette research — write, wire, or phone 
today: 
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CASTING ACRYLIC 
SHEETS 


By JOHN O. BEATTIE* 


Cast acrylic sheets are the high- 
est grade of plastic sheets attain- 
able. They are superior to other 
plastic sheets prepared by mold- 
ing or extrusion, primarily in the 
optical quality of the surface, 
freedom from internal stress, and 
very excellent outdoor aging 
characteristics. They are unsur- 
passed for applications such as 
boat windshields, aircraft cano- 
pies, and other applications where 
the material must transmit a clear, 
undistorted optical image. 

Because of these properties, and 
because of the ease of formability 
upon application of moderate 
heat, acrylic sheets are the pre- 
ferred plastic for a number of 
items which include lighting fix- 
tures, outdoor and indoor signs, 
windows, and various types of ar- 
chitectural paneling. 

As such, the technique of cast- 
ing has assumed an important 
position in acrylic technology. 
This article, therefore, is a basic 
discussion on how to formulate 
acrylic for casting and how to set 
up and maintain a production 
casting line. 

The raw material used for cast- 
ing acrylic sheets is liquid mono- 
mer. This monomer under proper 
treatment has the property of re- 
acting with itself chemically to 
set up into a solid polymer. If, 
during this chemical change, the 
monomer is confined in a mold of 
suitable shape, the resulting solid 
polymer will assume the shape of 
the mold. In sheet casting, the 
mold consists of two polished 
plate glass sheets with a suitable 
spacing gasket which confines the 
liquid so that the finished solid 
casting consists of a polymer sheet 
with its two polished surfaces ex- 
actly reproducing the surfaces of 
the glass mold. No further finish- 
ing is required on the acrylic sur- 
faces. 


The monomer 

Monomeric methyl methacry- 
late is a water-white liquid with 
a viscosity which approximates 


*President, The Polycast Corp., 69 Southfield 
Ave., Stamford, Conn. 
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that of water. It has a character- 
istic pungent ester odor. Physical 
properties of the monomer are as 
follows: 


ific 
@ 25° C. 0.940 
Viscosity @ 25° Cc. 0.56 cp. 
Refractive 

index np 1.4118 


Bolling point + @ 760mm. 100-101° C. 
The chemical formula of methyl 
methacrylate is 


i 
CH,=C—C—OCH, 


and since the molecule contains 
only one active group, methyl 
methacrylate polymerizes in lin- 
ear chains. 

As received from the manufac- 
turer, methyl methacrylate mono- 
mer contains 25 to 60 p.p.m. of 
hydroquinone inhibitor. To obtain 
maximum clarity, the amount of 
the inhibitor must be reduced to 
less than one part per million. 
Because the hydroquinone itself 
is somewhat volatile, this cannot 
be accomplished by ordinary dis- 
tillation. Instead, a carefully de- 
signed fractionating column is re- 
quired to do the necessary job 
of reduction. 

The column should be equiva- 
lent to at least four theoretical 
plates.' It is possible to run down 
to about 10% bottoms in starting 
with inhibited monomer contain- 
ing up to about 0.25% hydroqui- 
none. Where the methyl metha- 
crylate contains small amounts of 
hydroquinone—for example 25 to 
60 p.p.m.—the batch may be car- 
ried down to 10% bottoms, and 
the bottoms left in the still pot 
and combined with at least the 
next 10 batches. 

Once the inhibitor is removed, 
large quantities of uninhibited 
monomer should not be accumu- 
lated, though it may be stored for 
some time if refrigerated? at 
around 4° C. Uninhibited methyl 
methacrylate is apt to start poly- 
merizing with evolution of heat if 
held at room temperature. This is 
autocatalytic and the combination 
of polymerization and vaporiza- 
Hon produces hazardous condi- 
tions that would have to be care- 
fully guarded against. 


The ex sive limit ah; attniii 
ene : Monomeric Acrylic Esters,” 
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Answering today’s increasing demand for 
precision molded plastic parts, Michigan 
Plastic Products, Inc. is supplying custom 
designed parts to manufacturers in every 
major field of modern production, 
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moplastic materials with 11 injection 
molding machines from 2 oz. through 32 
oz. capacity. Our assembly and finishing 
facilities are complete including hot 
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vacuum metalizing. 
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pheric pressure and at 25° C. of 
methyl methacrylate in percent 
volume of air goes from 2.12 
to 12.15 parts per million. Un- 
inhibited monomer, therefore, is 
best stored under refrigeration in 
stainless steel tanks. 

Preparatory to casting, a suit- 
able catalyst should be introduced 
to thicken the monomer into a 
viscous syrup. This can be done 
in steam-jacketed stainless stee] 
kettles holding about 150 Ib. each. 
Stainless steel or other types of 
non-contaminating vessels are es- 
sential to avoid iron contamina- 
tion in the cast sheet. 

It is possible to cast directly 
from monomer without going 
through the intermediate syrup 
stage by selection of proper cata- 
lysts and curing conditions, If 
proper catalysts are selected, it is 
possible to produce rapid gelation 
at comparatively low temperature, 
resulting in cast sheet of satisfac- 
tory heat distortion, optical, ten- 
sile, and other properties. Sheets 
produced by this method, how- 
ever, lack the necessary thermal 
stability to meet the rigid re- 
quirements of military specifica- 
tions MIL-P-5425B. 

Translucent whites and trans- 
parent opaque colors can be pro- 
duced by incorporating suitable 
additives, dyes, or pigments into 
the mix before pouring. It is also 
possible to produce transparent 
colors in methyl methacrylate by 
dip dyeing the cast sheet after the 
operator has removed it from the 
mold. 


Preparation of molds 

While the syrup is being pre- 
pared, molds for casting acrylic 
sheet are being made up of two 
sheets of selected plate glass, free 
of scratches and other surface im- 
perfections. 

Plate glass has been found to 
have a surface quality superior 
to that of any other material. 
Tempered glass (Herculite or 
Tufflex) may also be used, but 
offer problems in thickness con- 
trol and in maintaining surface 
quality because of the handlings 
involved in the constant re-use of 
mold plates. 

Plate glass sheets approximat- 
ing the size of specified molds 
are run through a_ specially 
constructed washing machine 
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equipped with cylindrical as well 
as oscillating scrubbing brushes. 
A special detergent is used at 
near boiling temperature. An air 
knife dries the glass as it emerges 
from the machine, and the two 
sheets required to form a mold 
are ready to be placed face to 
fac e. 

Assembly of molds must be 
carried out in a dust- and lint- 
free room, preferably at slightly 
higher pressure than the sur- 
rounding atmosphere so that no 
lint or dust gets in. Scrupulous 
cleanliness is necessary since any 
lint or dust remaining in the mold 
will be subsequently cast into the 
sheet. It is also necessary to con- 
trol the moisture in the room 
quite carefully since moisture 
cast into the sheet can cause sub- 
sequent blushing or crazing 
(minute surface cracks). 

Thickness of the cast acrylic 
sheet is controlled by means of a 
gasket between the mold plates. 
This can be an extruded elasto- 
meric material, such as plasticized 
polyvinyl chloride, or a more rigid 
material, such as aluminum or 
steel, covered with paper and cel- 
lophane tape. Since all monomers 
undergo considerable shrinkage 


as they polymerize, use of a rigid 
material requires removal of the 
gasket during cure to permit the 
glass plates to come closer to- 


gether to 
shrinkage. 
Once the gasket is in place, the 
mold, or cell, is clamped together. 
One corner is normally left open 
for the introduction of a weighed 
charge of the resin monomer. For 
best results the mold is held with 
one corner down, inclined at an 
angle of approximately 30°. Since 
the material is poured as a vis- 
cous syrup, it is necessary to al- 
low time for any entrapped bub- 
bles to rise to the surface before 
the mold is completely closed. 
One production line consists of 16 
mold-holding fixtures; the molds 
are filled rapidly and, by the time 
the last mold is filled, entrapped 
bubbles have had time to rise to 
the surface of the mold at the be- 
nning of the line. The operators 
rn to the first mold and, by 

ig it flat on the tilting fixture, 
cause the syrup to complete- 

ll the mold and drive out all 
The gasket is then pinched 
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off at the top corner to complete 
a perfect seal on all four sides 
of the mold, preventing any liq- 
uid from coming out or any air 
from going in. 

When an unthickened catalyzed 
monomer is used, the pouring of 
the sheet becomes quite tricky 
since it will readily flow through 
the slightest opening between the 
gasket and the glass. On more 
than one occasion, unhappily, an 
entire measured load has ended 
up as a puddle on the floor. A 
thickened syrup lessens the dan- 
ger of the sheet having to be 
mopped off the floor, but the ad- 
vantages of avoiding leaks must 
be carefully evaluated against the 
disadvantages of having expensive 


mixing kettles on hand and the 
hazards of producing the syrup. 

The principal advantages of 
using a casting syrup, in addition 
to eliminating leaks, are: 1) The 
subsequent curing time in the 
mold is reduced; 2) Slightly less 
exothermic heat is evolved during 
the cure. 

The mold is loaded through a 
specially designed funnel into the 
corner opening. Since the plates 
of a glass mold of any size are 
quite flexible, it is necessary to in- 
troduce exactly the correct weight 
of resin to get a finished sheet 
of uniform thickness. Filling the 
mold to the top would cause the 
glass to bow outwards under the 
hydrostatic pressure of the liq- 


TYPICAL OVEN FOR CURING cast acrylic sheets. Air flowing between 
horizontal sheets removes or provides additional heat as required 
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NEWARK DIE 
AUTOMATIC 
UNSCREWING 
MOLDS 


solve screw cap production problems 


Making steel cavities with difficult 
side designs present no problems 
as a result of Newark Die’s special 
hobbing techniques. 


Today’s trend in packaging is 
placing increasing emphasis on 
complex cap design and the 
bold use of color. To meet these 
needs Newark Die has developed 
an advanced type of automatic 
unscrewing mold which per- 
mits the economical production 
of a wide variety of cap designs. 


This development cuts mold 

costs by utilizing standard 

unscrewing mold bases which 

also permit rapid and economical Newark Die molds are used to 

replacement of cavities to make a wide variety of screw 
‘ caps of which these are typical. 

accommodate new designs. 


Look to Newark Die for prac- Newark Bie is the met com. 

. . plete facility for the design 

tical solutions to your cap and construction of molds for 

production problems. the plastics industry—includ- 
ing injection, compression, 
transfer, matched metal and 
flow molding—in all practical 
sizes. 





uid, and would yield a sheet con- 
siderably thicker at the center 
than at the edges. 

In loading a mold directly with 
prepared monomer, much less 
time is required for bubbles to 
rise to the surface since the mate- 
rial is of water-like viscosity. It is 
also desirable to reduce the tilt 
angle of the mold, since the thin 
monomer is more likely to leak. 
However, a considerably smaller 
number of fixtures can be used 
than in the case when syrup load- 
ing is performed. 


Curing 

Once the mold is charged and 
sealed, it is transferred to a rack 
and placed in a curing oven. The 
curing temperature, of course, de- 
pends on what resins and catalysts 
are being used as well as the 
thickness of the sheet, but in gen- 
eral it is between 45 and 70° C. 
In many cases a single, fixed cur- 
ing temperature is not satisfac- 
tory, so it is necessary to change 
the temperature during the cycle. 
This is achieved by a suitable 
time-temperature control to pro- 
gram the temperature cycles. 

The polymerization of methyl 
methacrylate presents difficulties 
which are not encountered in the 
case of most other resins which 
can be cast into sheets. For exam- 
ple, most of the exothermic heat 
of the reaction, in the case of 
methyl methacrylate, is given off 
very suddenly and special care 
must be taken to remove this 
heat rapidly. 

The fast rate of polymerization 
during casting of acrylic sheets 
may be attributed largely to the 
greater gel or Trommsdorff effect 
inherent in this resin. During the 
polymerization of this monomer, 
the rate of polymerization in- 
creases greatly, after 10 to 20% of 
final polymer has been formed. 

Trommsdorff and others ex- 
plained this as a reduction in the 
rate of termination, resulting 
from the immobility of the grow- 
ing polymer radicals, caused by 
increased viscosity. The reactive 
chain ends can no longer come 
together readily for bimolecular 
termination, but the small mono- 
mer molecules can still diffuse in 
order for chain growth to con- 
tinue. Many materials impart this 
accelerating effect, including cel- 
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lulose esters and a wide number 
of cross linking agents. On the 
other hand, many materials, such 
as mercaptans and plasticizers, 
impart the opposite effect by pro- 
moting chain branching and ter- 
mination. 

Since the amount of heat given 
off is proportional to the amount 
of material in the oven, it is the 
large batches of material and the 
thicker sheets that are the most 
difficult to keep under control. 
Unfortunately, loss of control is 
most costly when control is hard- 
est to maintain—when the oven is 
running near its capacity both 
in molds and resin. 

In curing methyl methacrylate, 
therefore, air velocities and air 
turnover in the oven must be as 
high as possible to permit quick 
removal of the heat that is given 
off at the critical point of the cur- 
ing cycle. As an extra safeguard, 
the oven should have an external 
vent so that cold air can be 
brought in as needed. 

A typical curing cycle is shown 
on p. 761. Oven temperatures are 
carefully maintained at 55° C. for 
\4-in.-thick clear acrylic sheet. 
The initial oven temperature is 
held at 55° C. for 18 hours. Dur- 
ing this time the material in the 
sheet increases in viscosity from 
a light syrup to a material ap- 
proximating the consistency of 
sponge rubber. After the 18th 
hour, exothermic heat develops 
and, even though the oven tem- 
perature remains at 55° C., the 
temperature as measured by a 
thermocouple on the surface of 
the sheet rises to 70° C. After 
19% hr. this exothermic heat has 
been released and the temperature 
of the sheet has dropped to the 
oven temperature of 55° C. 

During the hour and a half 
period during which the exother- 
mic heat is given off, the material 
hardens to a hard and rigid solid 
of essentially the same physical 
characteristics as those of the fully 
cured material when it is removed 
from the mold. 

Assuming that the entire sur- 
face of the sheet has gone through 
this exotherm, it is now safe to 
raise the oven temperature at the 
20th hour to 85° C. for a period 
of ours, This final curing at 
high temperature causes most of 
the naining monomer to add 


ACRYLIC SHEETS 





Thousands of these 
miniature XK120 Jag- 
vors (1) are molded 
each hour from mul- 
tiple steel cavities (2). 
These hobbings are 
produced rapidly and 
with a minimum of 
machining from a 


single master hob (3). 


Faster, Cheaper Tooling with... 


NEWARK DIE HOBBED CAVITIES 





To speed up tooling and cut costly machining, filing and polishing 
time . . . many plants choose die hobbing or berillium casting. 
One master hob provides any quantity of steel hobbings or berillium 
castings, all of them exactly alike and each requiring a minimum of 
hand or machine finishing. Because hobbing or pressure casting 
requires high pressure operations, each cavity acquires a closer sur- 
face grain structure. This assures faithful retention of the finest 


detail . . . plus a luster that would be difficult to accomplish by 
machine finishing. 


WRITE for your free copy of “How and When to Hob.” Or let 
us discuss directly how Newark’s complete die hobbing facilities 
and berillium pressure casting experience with all sizes and 
types of cavities may benefit you. No obligation, of course. 
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Dillon-Beck VERVE aid Versatility 
in creating, designing and producing pace-setting 


PLASTIC PACKAGING and MOLDED PARTS 
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Dental Floss 
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CORP.'S new 
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ABSORBINE JR 


Call on Dillon-Beck's Design and Engineering specialists 
to create and produce greater stand-out-ability 
for your product and package. 


% Designs and Models % Mold and Die Construction 
% Molding and Assembly of Thermoplastics Ranging from 1 to 16 oz. 
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Designers * Molders * Producers of Purpaseful Plastic Products 


1227 Central Avenue, Hillside, New Jersey 





on to the already formed polymer 
chains. This step is important 
since, to reduce subsequent craz- 
ing and dimensional change, there 
must be as little residual mono- 
mer as possible left in the sheet, 

Since water is a much better 
heat-transfer medium than air, an 
extra degree of control is gained 
by curing thicker sheets—say 4 
in. or more—in a water bath, 
It is necessary to keep the molds 
in the water bath only until the 
resin has safely passed the criti- 
cal point. After this they may be 
removed and the cure completed 
in air. 

The ovens for curing methy] 
methacrylate sheet must be spe- 
cially designed because exother- 
mic evolution of heat can occur 
with almost explosive rapidity. If 
the sheet is a little too thick for 
the oven to handle, or the catalyst 
concentration is a little too high, 
the sudden burst of heat begins 
to boil the monomer and large 
bubbles form between the glass 
plates. The internal pressure 
mounts fast and can quickly shat- 
ter the costly glass molds. Some- 
times every sheet of glass in an 
entire oven load is destroyed. 

After the molds are removed 
from the curing oven, the glass 
sheets are separated by careful 
prying. An exact temperature 
must be maintained depending 
upon the thickness and the mix 
used. Methyl methacrylate sheets 
can separate from the mold with 
great violence sufficient to tear 
large chunks of glass from the 
mold surface. At other extremes, 
it is possible to produce sheets 
which adhere so tenaciously to the 
glass that separation becomes im- 
possible. 

An additional problem con- 
fronting the would-be manufac- 
turer of acrylic sheets is the ef- 
fect of the gasket material itself 
on the rate of cure of the resin in 
the mold. Many rubbers, vinyls, 
silicones, or other elastomeric 
materials produce inhibition at 
the edge next to the gasket, caus- 
ing a soft edge area which may 
extend up to 3 or 4 in. into the 
sheet. This soft area is subject to 
the same exothermic heat reac- 
tion as the remainder of the sheet 
mass, so’ that if the temperature 
is increased prematurely before 
this soft area has gone through 
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the exotherm, there is serious 
danger of shattering the molds at 
the edges. 

There are some types of gasket 
materials that accelerate the cur- 
ing of methyl methacrylate so 
that the edge of the sheet in con- 
tact with the gasket cures faster 
than the center portions of the 
sheet. This can be very serious 
since the hard edge of the sheet 
prevents shrinkage accommoda- 
tion of the central portion as the 
polymerization progresses and 
almost invariably results in the 
breakage of one or the other 
halves of the glass mold. 

Ideally, the exothermic reaction 
begins at a point somewhere 
within the central area of the 
sheet and progresses out fairly 
rapidly—60 to 90 min.—to within 
4, in. of the edge. After this exo- 
therm has occurred in this man- 
ner, there is no further danger 
of breaking the mold due to 
thermal shock. 

After the glass mold plates have 
been separated from the plastic 
sheets, they go back through the 
washing machine for re-assembly 
into molds or they may be stored, 
depending upon what orders are 
on hand. 

Because of the great many dif- 
ferent sizes required by the trade, 
a very large inventory of glass 
molds must be kept on hand at 
all times, if customer require- 
ments are to be met promptly and 
efficiently. These individual lights 
must be handled several hundred 
times if they are to give full pro- 
duction usage. Because of this re- 
peated handling, scratches, nicks, 
chips, and other blemishes tend 
to appear on the surface of glass 
molds; any blemishes which ap- 
pear in the glass are bound to re- 
peat over and over again in each 
successive acrylic sheet cast with 
this glass. 


Possible defects 


While the process of casting 
appears basically simple, a great 
many possible troubles can plague 
the process. These include: 


iroken molds. This can be 
ed by handling or by thermal 
as well as by any small 

or edge defect in the glass 
Under conditions of re- 
ed use, some glass always 
s and the production prob- 


3S ACRYLIC SHEETS 


PLATE GLASS MOLDS for production of cast acrylic sheet are loaded 
while tilted, then sealed and transported to the curing oven 


lem consists 
breakage low. 

Voids. A cast sheet often sepa- 
rates from one or the other mold 
surface during cure. This results 
in ugly surface blemishes on the 
sheet variously called “sinks,” 
“strip-voids,” or “snake tracks.” 
The cause is usually improper 
cleaning of the glass mold or too 
rapid a cycle resulting in too 
rapid evolution of exothermic 
heat. Voids can be caused by a 
non-yielding edge gasket which 
prevents glass mold surfaces from 
coming together properly as 
shrinkage occurs. 

Discoloration. Contamination, 
either by the monomer containers, 


in keeping this 


LOADED GLASS 
MOLDS (see also 
photo, above) are 
stacked horizontally 
on a rack and wheel- 
ed into the curing 
oven. There are 20 
filled molds on rack 
shown at right 


iron, mold surfaces, or gaskets, 
can cause the casting to turn out 
yellow instead of water-white. 
Inadequate removal of hydro- 
quinone inhibitor can also cause 
a yellow sheet. 

Bubbles. Bubbles in a finished 
cast sheet can result from air dis- 
solved in the monomer which is 
driven out during the polymeriza- 
tion. Too rapid cure can actually 
cause the monomer to boil and 
this results in large numbers of 
bubbles. Certain impurities can 
also give off air locally, resulting 
in the same effect. 

Poor thickness tolerance. If the 
initial shot of monomer was not 
calculated correctly for the size 
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Very Diversified—Serving Many Industries: 


Pharmaceutical 
Television 
Radio 
Refrigeration 
Automotive 
Aircraft 
and many others 


Complete Facilities to Handle Molding Problems 
From Part Design to Finished Products 


Presgue Vole Plastics, Tue. 


Main Plant & Executive Offices: 
2730 West 12th Street 
Erie, Pennsylvania 


Pharmaceutical Division: 
Corner Reig & Maple Avenue 
Conneaut, Ohio 











and thickness of the mold, a sheet 
can come out either too thick or 
too thin at the center as com- 
pared to the edges. 


Shrinking 


During polymerization, the vol- 
ume of the acrylic material 
shrinks approximately 18 to 20 
percent. Since movement in the 
planes parallel to the plates js 
severely restricted during casting, 
all such sheets end up with cured- 
in stresses. These stresses can be 
alleviated, or at least greatly re- 
duced, by annealing; this involves 
reheating to about 150° C. and 
then cooling slowly. During this 
procedure, the _ sheets shrink 
about another 2% and the cured- 
in stresses are almost completely 
relieved. 


Many customers prefer to re- 
ceive cast sheets with a protective 
layer of paper on one or both 
sides. This paper can be prepared 
by applying a suitable adhesive 
to 40-lb. kraft, and allowing it 
to dry. Pressure-sensitive type 
adhesives are suitable and so are 
water-soluble types, depending 
upon the end use of the sheet. The 
adhesive may be applied with 
rollers similar to those used ina 
printing press, by contact, by ab- 
sorption, or by brushing. In the 
case of solvent type adhesives, all 
of the heptane solvent must be 
removed before use as it has ap- 
proximately the same characteris- 
tics, when mixed with air, as does 
aviation gasoline. Obviously, ex- 
plosion-proof fixtures must be 
used throughout, and extreme 
precautions must be taken to re- 
move all heptane vapors. 

In general, all sheets produced 
for the Armed Forces are masked 
on both sides. Increasingly, cus- 
tomers planning to do intensive 
fabrication are finding that mask- 
ing both sides more than pays for 
the small additional charge. 


Trimming 

Sheets normally are cast 
slightly oversize and trimmed in 
stacks by a high-speed circular 
saw. In a production operation, 
blades with carbide teeth properly 
ground are found to be most sat 
isfactory. They should revolve # 
high speed and there must be 0 
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ELECTRONIC SEALING 
DIES AND JIGS 


Send Us Your Item or Sketch. 
We will furnish estimate of ; 


® Electronic Die Cost 
® Production Rate 


® Necessary Electronic Generators 
and Presses 


Clicker Patterns furnished with elec- 
tronic die orders at no additional 
charge. No tool prints required. We 
will develop your item. 


Your confidence respected. 


PETERSON 
ELECTRONIC DIE 
COMPANY, INC. 


199 Liberty Ave., Mineola, N.Y. 
Tel. Ploneer 7-3833 


Second generation of Die Makers 
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vibration or chatter. Vibration 
not only reduces blade life, but 
also chips the material. 


Competitive position 


Cast acrylic sheets currently 
predominate over extruded and 
compression molded sheets in a 
good many fields. In the case of 
the sign industry, the sheets re- 
quired are too large to be ex- 
truded or compression molded 
economically. The lighting indus- 
try requires many patterns which 
cannot be conveniently or eco- 
nomically extruded in the thick- 
ness required. Very often in these 
applications the quantities in- 
volved do not run large enough to 
justify the cost of a compression 
or injection mold, even where 
other factors are all equal. 

In the event that optics, sur- 
face pattern, or size area are of 
no importance, most cast sheets 
still compete with extruded and 
molded sheets purely on the basis 
of cost. Extrusion and compres- 
sion molding techniques are less 
costly than casting, but casting 
has the advantage of starting from 
a liquid monomer, which is usu- 
ally less expensive than a poly- 
mer. In the case of methyl meth- 
acrylate, the casting monomer 
costs 29¢/lb. and the extrusion 
powder costs 55¢/pound. Thus, 
thin extruded acrylic sheets are 
lower in cost than thin cast 
sheets; on the other hand, be- 
cause of the difference in price of 
the polymer and the monomer, 
thick cast sheets are less expen- 
sive than thick extruded sheets. 
The costs are about even at a 
thickness of 0.10 inch. 

It should also be emphasized 
that economic production of 
methyl methacrylate sheets is not 
possible on small scale. The profit 
in the operation, if there is to be 
any, must come between the 
spread in the price of the mono- 
mer, now 29¢/lb., and the price 
of cast sheet which varies accord- 
ing to sheet thickness, but aver- 
ages about 65¢/pound. Allowing 
for capital expenditures, glass 
breakage, loss of material, loss of 
production, mold damage, and last 
but not least, overhead, this is not 
much of a spread. Sheet casting 
is, therefore, not the type of op- 
eration to be entered into lightly, 
nor even with moderate capital. 
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Thermoplastic cord guides for IBM 1401 processing unit, 
ejecting from precision molding dies 


Corporation, Erie, Po. 


Moided 


CHELSEA 50, Mass, 
Joseph Leader 

68 Mariborough Street 
Turner 4-3484 


DETROIT 35, Mich, 
W. J. Montgomery Co. 
16577 Meyers Road 
Diamond 1-3454 


EAST ROCHESTER, N. Y. 
Dynatherm, Inc. 

607 West Commercial Street 
Phone: Ludlow 600-80 


KNOXVILLE, Tennessee 
Melloy Sales Inc. 

P.O. Box 3207 - Zone 17 
2643 Kingston Park, $.W. 
(BM Building 

Knoxville 522-5911 


MILWAUKEE 13, Wis. 
John Weiland, Jr. 
7105 Grand Parkway 
Greenfield 6-7161 


ARDMORE, Pa. 
Austin Wright Co. 
P.O. Box sor 


1W. Loncaster Ave, 
Midwoy 2-5113 
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Printed circuit cards shown 
above inserted in molded 
cord guides which prevent 
cords touching each other, 
help steady cards during 
shipment and protect cards — 


during thermal 4 
ae Gdenters uring mal chonges. 


processing unit, 
of IBM 1401 
ing systems. 
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In the IBM 1401 processing unit, nerve center of IBM 1401 data 
processing systems, it is of paramount importance that Card Guides 
help maintain card position during movement and thermal changes. 
Quinn-Berry’s skilled precision mold design and engineering teams 
up with experienced press room operation to meet IBM close tolerance 
specifications. Skilled craftsmen mold IBM Card Guides of Lexan® 
polycarbonate resin, a product of General Electric Plastics Division, 
to meet the most rigorous requirements. The result—parts which 
have excellent dimensional stability, extreme resistance to impact and 
which are self extinguishing. 
Your requirements for precision molded thermoplastic parts can 
be fully satisfied at Quinn-Berry—place them with us in full confidence. 
Here, the Unusual is Routine. 


WE FLY TO SERVE YOU FASTER! 


2609 WEST 12TH STREET, ERIE, PA. 
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CUSTOM 
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DESIGNING can produce your BUFFING 
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SUPERIOR PLASTICS INC. Dept. 300 410-430 N. OAKLEY BLVD 


SUPERLON PRODUCTS CHICAGO 12, ILL. * CAnal 6-4540 


The West's pioneer 
plastics molder... 


THERMOPLASTIC 


... has the facilities and know-how 
to serve you better! 
Sierra’s modern plant in Gardena, 


California covers over 80,000 square feet 


and is tooled to meet the most exacting 
specifications and delivery schedules. 
More than three decades of custom 
plastic molding experience, primarily in 


electro-mechanical and industrial 


components, provides the know-how. 

For a complete service— engineering, 
tooling, molding of all types of materials, 
finishes and assembling— see SIERRA. 
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15100 S. Figueroa Street, P.O. Box 85, Gardena, California 
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COMPLETE SERVICE... 
ALL UNDER ONE ROOF 


e Engineering e Jig Boring 

e Hobbing e Thread Grinding 

e Engraving & Duplicating 

e Custom Frame Dept. 

e Electrical Discharge Machinery 


Consult us regarding your next 
probiem in plastics molding. 
Our engineering staff will 

be glad to assist you. 


Member Society of the Plastics industry 





DUPLICATING 


and 
ENGRAVING 


for the Mold and Die Casting Industry 


Duplicating and Engraving for the mold and 
die casting industry is one of our specialties. 
We also offer complete tools for the plastic 
and die casting industry along with modern 
engineering facilities and special tool work. 
Electrical Discharge Machining 
AA MOLD DUPLICATING COMPANY 


750 Fairfield Avenue + Kenilworth, N. J. 
Dept. U Phone: CHestnut 1-2300 
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Extrusion (Profiles and Monofilaments) 


Injection Molding (Knobs, Emblems and 
Precision Parts) 


Compression Molding (Printed Circuits, 
Electrical Components and Modules) 


Sheet Thermoforming (Material Han- 
dling Containers, Packaging and Displays) 


Foam Fabrication (Flotation and Protec- 
tion) 


PVC and Olefin Compounds (Custom 
Formulations and Colors) 
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To your specifications in all metals 

Clean degreased inserts ready for production 
Long or short runs made on modern, high 
speed equipment 

Davenports—Brown & Sharpes—Acme Gridleys 


Send prints and/or samples 
Send for our Brochure. 


MACHINERY PRODUCTS CORPORATION 


2000 North Major Ave., Chicago 39, lil. - Phone—Berkshire 7-8100 














BLISTER PACK 


AUTOMATICALLY 
_FORM-N-SEAL 


. (Pictured) Atlas Vac-Mac ine’s completely auto- 
matic, inexpensive, efficient, In-Line Form-N- 
Seal. 

2. Call on Atlas for your Plastic Packaging needs 
A complete family available— 

3. Skin packers—Form-ers—Trimming Equipment 
Pressure Form-ers Blow Molders—Food Tray 
Packaging Units Heavy Duty Formers—Al! 
available from: 


ATLAS VAC-MACHINE CORPORATION 
1732 Hudson Ave., 1287 Clinton Ave., North, Rochester, N.Y. 
Also Mfg. Under License by Bata Engineering, Batawa, Ont. Canada 
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A GREAT PLANT 


SYNCHRONIZED WITH 
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EMELOID’S 
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ANNIVERSARY 


THg SERVICES WE PERFORM AS AFT EN IN 


Whether a TV knob, an instrument housing, a packaging form, a consumer item 
or an ad specialty .. . an Emeloid product is the fruit of trained hands and minds 
synchronized with modern equipment in a 45,000 square foot plant . . . controlled 
by rigid standards of design, quality and production details. Be it design, re-design, 
engineering development or price, remember . . . YOU CAN DO BUSINESS 
WITH EMELOID, in its fullest implications of Quality and Cost Minimization. 


THE EMELOID SERVICES: 
INJECTION MOLDING COATING LAMINATING 
VACUUM FORMING PRINTING EMBOSSING 
DIE-FORMING STAMPING MACHINING 
LITHOGRAPHING DIE CUTTING BUFFING 
SPRAYING ASSEMBLY 


ALL CUSTOM MOLDING INDUSTRIAL PARTS 
MERCHANDISING AIDS ADVERTISING SPECIALTIES 
DESIGN DEVELOPMENT 


WRITE FOR OUR FREE “40TH ANNIVERSARY” BROCHURE 
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THE Co., INC. 
SUBSIDIARY of ADDRESSOGRAPH-MULTIGRAPH CORPORATION 
1239 CENTRAL AVE., HILLSIDE 5, N. J. 


Elizabeth 2-1944 - 1945 - 1946 W. Y. City—REctor 2-8554 - 8555 
Waverly 3-434) - 3-4342 - 3-1958 Coble: “TEC” HILLSIDE, WN. J. 


ALL PRODUCTION DONE AT EMELOID BY EMELQIB. 








CONSULT NATIONAL 
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rag PRECISION 
CUSTOM 
MOLDING 


FACILITIES » «the National plant is equipped with the 


most modern facilities for producing every 
type of plastic molding with flawless 
accuracy 


KNOW-HOW... Our skilled engineers possess the technical 
knowledge that assures understanding of 
your product-requirements and production 
at lowest cost 


EXPERIENCE... Leading manufacturers of well-known prod 


ucts have availed themselves of National's 
custom-molding from toys to auto parts 
Your inquiry will receive prompt attention 


MOLDING DIVISION 
THE NATIONAL PLASTIC PRODUCTS COMPANY 


ond Pobyotetin Fimer, Meramer Magn Prevuws emmete, Wynene ten uded and Moded Produc! 
+ MEW YORE NY 6 MIAME FLA « CHa AS FORT WORTH TEx 


* PORTLAaNO OME « 4G @EACH CALIF © SAN FRANCISCO CA 








It’s Experience that Counts 


35 YEARS OF PLASTIC KNOW-HOW 


COMPLETE MOLDING AND ENGINEERING 

FACILITIES, IN THERMOSETTING (also polyester) THERMOPLASTICS, 

OF ALL MATERIAL. Take a Good Look—and—don't Overlook 
IMPERIAL MOLDED PRODUCTS CORPORATION 

2856 West Harrison St. e Chicago 12, Ill. © Nevada 8-6860 


Detroit Area: Frank Curtis, 104 Steven Bidg., 1025 E. Maple Road, Bir. 
mingham, Mich. @ Phone MI 7-2337 

St. Louis Office: 10907 Manchester, St.Louis 22, Mo. @ YOrktown 6-2747 
Dallas Office: 332 E. Polk, Apt. M, Richardson, Tex. @ ADams 5-149) 





edward |. mobley company 


Designers and creators of toys, sporting goods, squeeze bottles, house- 


wares, flexible and rigid containers . . . model and mold preparation. . . 


materials and methods consultation . . . foreign and domestic accounts. 


dimensional 
creative product design 
for the plastics industry 


Specialists in vinyl molding, blow molding, foam materials 


Phone FEderal 4-2535 si CITIZEN'S BANK BLOG., WADSWORTH, OHIO 
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faba 
Norriingstar 
Custom Plastic 
Molders 


DEVELOPMENT: 
Complete product develop 
ment service. 


FACILITIES: 
Complete design, 
molding, assembly, 
decorating and fin- 
ishing. 


EXPERIENCE: 
Wide range of consumer 
and industrial precision 
molded products 


This new brochure 
which tells the complete 
story is available 
Write Dept. A. 


THE MORNINGSTAR CORPORAT!ON 
205 Broadway Cambridge 42, M:°ss- 





EXTRUSION 
SPECIALISTS 


Profiles - Sheet - Moldings 


Compounding to meet specific design requirements 
in Vinyls, standard and linear Polyethylene, 

Teflon 100, Nylon, Polypropylene, Polystyrene, 
Styrene rubber co-polymers and others 


Complete technical facilities, our own die shop, 
a wide range of extruder types and sizes, and 
rigid quality control standards, enable Conneaut 
to deliver quickly top-quality extrusions, com- 
petitively priced. 





We can, for example, provide plastic sheet, 
either rigid or elastomeric, for fabrication by 
heat welding or vacuum forming, in gauges from 
.025” to .250” in various widths. We can furnish 
extrusion molded slugs up to several hundred 
pounds for further machining in your plant or 
we can furnish the final part machined to your 
specifications. Formulations can be varied to 
meet design requirements. For nuclear applica- 
tions, additives such as elemental boron, boron 
carbide, lead oxide or cadmium oxide can be 
incorporated. We can furnish profiles in any ex- 
trudable cross-section to extremely close toler- 
ances and hold the tolerances through the length 
of the run. If desired, we can heat-seal, punch 
or otherwise fabricate the extruded profile to FREE— CONNEAUT PLASTICS DATA SHEETS 


your specifications. Convenient, file-size bulletins cover sizes, forms (sheets, profiles, 


tubing) and colors of thermoplastics available from Conneaut, as 


. e well as descriptions and specifications of each material: Elasto- 
Write, wire, or phone 51-961, Conneaut, for prompt infor- meric vinyl . . . rigid PVC ... Polyethylene . . . Polypropylene 


mation, project analysis, recommendations or quotations. ... Styrene .. . Butyrate ... Nylon... “Penton” .. . “Cycolac.” 
Write—without obligation—for those you need. 
1844A-3 


CONNEAUT 
RUBBER & PLASTICS CO. 


CONNEAUT, OHIO 


A UNIT OF 
THE UNITED STATES STONEWARE COMPANY 


The new search facilities of Conneaut Rubber & Plastics Co. 
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30 Years of Experience... 


CUS Tey 
PLASTIC 
MOLDING 


* COMPRESSION MOLDING 
* INJECTION MOLDING 
* PLUNGER MOLDING product. 


Py 


Pate nto 
of TENN., INC. 


KNOXVILLE @ 


ities and 
serving your 
‘om blueprint to 


TENNESSEE 


PASLEY’S PLASTIC PRODUCTS, INC. 


1275 ELLSWORTH ORIVE, N.W. 
P.0. BOX = 19653, STATION “N" 
ATLANTA, GEORGIA 


A complete tacility tor making of Electroformed Molds, 
Specialized Viny! (Plastisols, Rigidsols and 0: isol 


4 ) 
Formulations, Custcm Molding, Painting and Packing. 





We can perform the following operations: 


|. Wax models trom your drawings. 

2. Electrotormed Copper Molds trom Wax or Plastic 
Models. 

. Production Molds from your Master Mold. 

. Liquid Honing and Electroless Nickel Plating of 
Copper Cavities. 

. Complete Aluminum Foundry — for Mounting Molds 
to fit your Equipment. 

. Custom Molding by Slush or Rotation Molding. 

. Painting of your Molded Product. 

. Assembling and Packing in your Boxes, (ready 
for shipment.) 

. Special Aluminum Molds and Hot Melt Com- 
pounds tor the Plastic Fish Bait industry. 


NO JOB TOO SMALL OR TOO LARGE 
WE INVITE YOUR INQUIRY 








Call 


BLOW 
MOLDING 


really 


The pro’s and con’s of blow 
molding are described in De- 
Witt’s new illustrated bulletin 
on blow molding. It describes 
its function, advantages, limi- 
tations and economies, as well 
as providing a handy check- 
list of Do’s and Dont’s in de- 
sign to take maximum ad- 
vantage of this new technique. 


Write now 
for new informative 
bulletin AlA-6 


Dewn 


AUBURN, N. Y. 


LASTICS 











ve~ NOTICE = 


PLASTICS PROPERTIES CHARTS 


for 1962 now available in limited quantities 
On eee 


Don’t wait! Now’s the time to order extra 
copies of our up-to-date PLASTICS PROP- 
ERTIES CHARTS. 

Color-coded for easier reading, these wall- 
sized charts (45” x 28”) list essential data on 
the physical, chemical, thermal, electrical 
and molding characteristics of all commer- 
cially available thermoplastics and thermo- 
setting plastics. 

These are the very same authoritative 
charts that appear in the 1962 Modern Plas- 
tics Encyclopedia—yet both charts (thermo- 
setting and thermoplastics) cost only $1.50. 
Bulk rates upon request. Write to Reprint 
Dept., Industrial Magazine Service (an affil- 
iate of Breskin Publications), 770 Lexington 
Avenue, New York 21, N.Y. 





WE HAVE DESIGNS 
ON YOUR BUSINESS! 


Since 1930, National Lock has been a dependable 
supplier of high-quality plastic components to both 
small and major appliance manufacturers. The 
Company's complete facilities can produce 
thermoplastic and thermosetting plastic parts to your 
exact specifications .. . in desired quantities . . . with 
on-time delivery. National Lock offers design-engineering 
experience to solve your plastic component problems. 
Whether you manufacture major appliances, small 
appliances, automobiles, furniture, toys or some 
altogether new product—call on National Lock. 
Metal-to-plastic assemblies and multi-process color 
detailing are among our specialties. 


NATIONAL LOCK 


INDUSTRIAL HARDWARE DIVISION . NATIONAL LOCK COMPANY . ROCKFORD, ILLINOIS 
INTERNATIONAL DIVISION ¢ 13 E. 40TH ST., NEW YORK, N. Y. a CABLE: ARLAB 





WASHER AND 
DRYER PARTS 


TEXTILE MACHINERY 
PARTS 


CASH REGISTER 
DRAWERS 


CASTERS 


INDUSTRIAL 
GEARS 


nl 


COMPLETE ENGINEERING SERVICE 
Capable engineers, qualified by 
years of experience, to see that your 
designs are produced at lowest pos- 
sible unit molding cost. 


COMPRESSION MOLDING 

180 various compression and trans- 
fer presses, most with top rams, 
ranging from 25 -ton to 1850- ton 
Capacity. 

INJECTION MOLDING 

16 modern injection molding presses 
ranging in size from 2 oz. to 200 oz. 
capacity for low cost, efficient pro- 
duction of thermoplastic materials of 
the highest quality in any quantity. 


@ RADIO-FREQUENCY PREHEATING 


One of the largest installations in 
the industry .. . more than 75 sepe 
rate units to facilitate high-speed 
molding production. 


CONVEYORIZED OPERATION 

From press to shipping room, 
through finishing and assembly op- 
erations, entire operation convey 
ized for fast, uninterrupted flow of 
molded parts. 


FINISHING EQUIPMENT ; 
Automatic facilities inclu:'e ot 
ment for trimming, polish ag, &® 
ing, drilling, tapping, ‘ »mbling 
and painting. 
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iT PAYS TO RELY ON G.I. 
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PARTS 





REFRIGERATOR 


VACUUM CLEANER 


NOZZLES 





©) MARYSVILLE, | aa 
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experience ® Over the years, General Industries has engaged in the engineering 





and production of custom-molded plastics for many of America’s 
largest manufacturers. 


® Included among General Industries’ current customers are the largest 
manufacturers of refrigerators and appliances, cooking utensils, tele- 
phones, cameras, textile machinery, automobiles and many other products. 


® Write or phone today for the services of our experienced Sales Engi- 
neers who will be happy to call on you and assist you with your engineer- 
ing design and answer questions on your technical problems. General 
Industries will also conduct a survey at no cost to you of your product 
and advise you if you now have an item that can be made better and at 
a cost savings to you through conversion to the proper plastic material. 
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Machining thermoplastics 


a all thermoplastics can 
be satisfactorily machined on both 
conventional wood- and metal- 
working machinery. In addition, 
production length runs on auto- 
matic equipment, such as screw 
machines, are becoming increas- 
ingly popular, as additional 
knowledge of technique is devel- 
oped. 

The major consideration in ma- 
chining thermoplastics is that of 
heat. Allowances must be made 
for their greater heat sensitivity 

-when compared to metals—and 
for their greater rates of thermal 
expansion. 

If frictional heat buildup is not 
minimized, these plastics will of 
course melt or become gummy. 
And excessive heat may induce 
stresses that may hamper the per- 
formance of the completed part. 

In order to overcome this prob- 
lem, three procedures are gener- 
ally advised: 1) use coolants 
wherever possible; 2) use tools 
designed to provide adequate 
clearance; and 3) operate ma- 
chinery or tools at relatively high 
speeds with light cut and slow 
feed. 

The following recommendations 
*Vice President, Manufacturing, Cadillac Plastic 


& Chemical Co., 15111 Second Ave., Detroit 
3, Mich 


NYLON IS BORED on stand- 
ard engine lathe with con- 
ventional boring bar or with 
large diameter drill. Highly 
polished flutes minimize 
friction and heat buildup 


apply, in general, to all thermo- 
plastics and to all machining op- 
erations. 

Coolants: A water-soluble cut- 
ting oil or compressed air jet— 
which also clears chips out of the 
cut—make the best coolants for 
cutting tools. A 10% solution of 
water soluble oil and water prob- 
ably is best for most applications. 
Other liquid coolants may contain 
chemicals which could attack some 
thermoplastics. 

Tool design: Generally, turning 
tools should be ground to a zero 
er slight (—5°) top rake and 
should have a scraping rather 
than a eutting action. Plastics drills 
with slow spiral design are rec- 
ommended for most materials. 
Two exceptions are the acetals and 
polycarbonates. These are best 
machined with tools set to the 
configurations normally used for 
brass or mild steel. 

Clearances should be much 
greater than those normally used 
for metals, These designs elimi- 
nate the possibility of the plastic 
rubbing against a non-cutting 
surface, thus minimizing heat 
buildup. 

High-speed steel tools especially 
designed for work with plastics 
are available, but where length of 
runs justify the cost, carbide- 
tipped tools are recommended. 
The carbide tools stay sharp 
longer, produce a cleaner cut, and 
can be operated at higher speeds. 
They also are less affected by heat 
buildup. 

Tools should be kept extremely 
sharp, preferably diamond-lapped 
to eliminate nicks and burrs, a 
major cause of chipping and fric- 
tional heat buildups. 

The use of sharply-pointed 
tools should be avoided. Rather, 
the tool point should be ground to 
a slight radius to avoid scarring 
the finish surface. 

In general, tools should be run 
at as high a rate of speed as prac- 
ticable. Table 1, p. 783, provides 
an approximate guide to rates of 
speeds, feed, and depth of cut for 
most thermoplastics. 

When close tolerances are re- 
quired, parts should be inspected 


By GEORGE CARLYON* 


at either a standard temperature 
(between 73 and 77° F.) or at the 
predicted temperature at which 
the part will be used. The latter 
is preferable in many mechanical 
applications. 

Since a part may expand con- 
siderably during prolonged ma- 
chining, it is advisable to make 
final sizing and finishing cuts after 
the piece being worked on has 
been completely cooled down to 
room temperature. 


Specific recommendations 


Acrylics, polycarbonates, acetal, 
and nylon machine well; in fact, 
often better than many metals. 
Properly annealed parts have 
been made to tolerances of +0.005 
inch. 

Nylon is highly water absorbent 
and should be preconditioned be- 
fore machining to about 2.5% 
moisture content when very close 
tolerances are required. 

Fluorocarbons and polyethylene 
machine easily but require more 
care to hold close tolerances be- 
cause of their high rate of thermal 
expansion and their flexibility. 
The use of coolants is advisable. 
It is also advisable to use a sup- 
port when turning these mate- 
rials. 

When rough machining, it is 
wise to leave at least 0.01 in. 
clearance for a finish cut, or the 
tool may simply slide over the 
piece, elastically compressing the 
work without cutting it. 

General-purpose polystyrene is 
highly brittle and must be worked 
with a coolant and slow feeds. An- 
nealing both before and after ma- 
chining is definitely desirable to 
avoid stress cracking. 

In their most common gages, up 
to ¥% in. thick in many cases, ace- 
tate, vinyl, high-impact styrene, 
fluorocarbons, polyethylene, and 
nylon may be punched, blanked, 
or sheared to size. 


Sawing 

Most of the saws used for cut- 
ting metals may be used for p!as- 
tics, and, in some cases, conven- 
tional wood working blades may 
be used. Where the economics of 
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production do not justify carbide- 
tipped blades, high-speed hollow 
ground blades designed especially 
for plastics are available. 

In general, teeth should be de- 
signed to provide sufficient clear- 
ance for the chips and to prevent 
the blade from sticking. 

Carbide blades, particularly for 
circular saws, are recommended 
with “square and advance” teeth 
so that alternate teeth start and 
finish the cut. 

Circular saws: Generally, sheets 
of the more brittle plastics—sty- 
rene, acrylics, butyrate—in % in. 
thickness (or thinner) should be 
cut with hollow ground blades 
with 12 to 15 teeth per inch. On 
heavier sections up to 4-in. thick, 
blades with 10 teeth or less work 
best. Coolant is desirable. The 
other plastics can be successfully 
cut using conventional blades with 
4 to 6 teeth per in. with peripheral 
speeds from 8,000 to 12,000 f.p.m. 
(feet per minute). For heavy sec- 
tions of nylon a special blade from 
12 to 14 in. dia. with carbide teeth 
set slightly above the circumfer- 
ence of the blade and operated at 
18,000 r.p.m. (revolutions per min- 
ute) has proven very successful. 

A panel saw, or traveling cir- 


cular saw, produces best results 
on stacks of several sheets or 
single sheets over 2 to 3 ft. long, 
on sheets with vulnerable sur- 
faces, or on trimming irregular 
edges. The manually operated feed 
variety enables the operator to 
“feel” the cut and avoid the pos- 
sibility of overheating. 

Conventional radial or swing 
saws are satisfactory for cutoff 
work on rods and bars. 

Band saws are used to cut 
curves in flat sheets or for rough 
trims of molded parts. Though 
not as accurate as circular saws 
for straight cuts, they can be used 
for short cuts and, because indi- 
vidual teeth have a longer time 
to cool before reentering the ma- 
terial, there is less danger of 
overheating. 

Special band saw blades, known 
as skip-tooth or buttress saws, 
have been developed especially 
for plastics and soft metals. They 
have coarse, hardened teeth and 
extra-deep gullets to take care 
of the large chips formed. These 
blades have from two to six teeth 
per in.; the smaller number of 
teeth per in. is used on the softer 
plastics, the greater number on 
the harder materials. For saw- 


ing thin sheets of polystyrene, 
acrylics, and butyrate, a blade 
with 10 to 14 teeth per in. should 
be used and operated at not less 
than 460 ft. per minute. On thick 
stock, a blade with three to four 
teeth per in. is recommended. If 
chipping is encountered, use a 
blade with a greater number of 
teeth and less set. 

Jig saws should be operated 
with standard blades at about 875 
cycles per min. with an extremely 
light feed to avoid overheating 
and to allow sufficient time for 
chip removal. They may be used 
to cut closed holes or small radii 
in thin stock when other methods 
are not practical. The new blades 
which look like a burred piece of 
hardened wire are capable of cut- 
ting in any direction. Use of a jet 
of air as a coolant will help. 


Routing 


Routers are used to shape 
curved sections or to cut formed 
parts to size. Smooth cuts are ob- 
tained by using straight, two- 
flute cutters at high spindle speeds 
—15,000 to 20,000 r.p.m. under no 
load—and slow to moderate feeds. 
When portable routers are used 
for cutting, the sheet should be 





TABLE |: Recommended trial speeds for machining thermoplastics* 





Turning speed, s.f.p.m. 
Depth of cut, in. 
Feed rate, i.p.r. 


Sawing speed, f.p.m. 


Blade type 


Feed rate, f.p.m. 


Shearing ) 
Punching; in. 
Blanking 


Drilling speed, r.p.m. 
1 rate, ip.r. 


Group I 
a 


Polyethylene 
Polypropylene 
TFE-fluorocarbon 
Butyrate 


450 
0.005 
0.1 


15,000-18,000 


hollow-ground 
plastic blade 


8-10 


up to % 


2,000-3,000 
0.015-0.030 


Group 2 
ps ee 
High-impact styrene 

Acrylonitrile- 
butadiene-styrene 


Modified acrylic 


500 
0.05 
0.1 


15,000 


hollow-ground 
plastic blade 


10-12 


up to 4% 


2,500 
0.005-0.010 


Group 3 Group 4 


—"—_— 


Nylon 
Acetals 
Polycarbonate 


500-700 700 
0.2 0.05 
0.1 0.05 


Acrylics 





15,000-18,000 
Bandsaws at 1950 


8,000-12,000 


special nylon 
blade for thick 


sections 


plastic 
blade 


10-25 


up to &, 


up to % heated 


2,000-3,000 
0.005-0.015 


2,000-3,000 
0.005-0.010 


Group 5 
coo —, 


Polystyrenes 


100-200 
0.1 
0.02 


3,000-5,000 


coolant 
and hollow- 
ground blades 


cracks, 
crazes 


5,000 
0.005 


* of the many variables involved in machining thermoplastics, these recommendations can only offer suggested speeds and feeds for the five 


lassifications. Experience with your own machinery, tools, and 


operations will lead you to the best exact rates for any job. 
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LATHE TOOLS FOR NYLON (also usable with TFE or acetal): 1) design 
for rough cuts and heavy stock removal; rounded point and large 
clearance angles minimize heat buildup; 2) finish tool has slightly 
rounded point to avoid scarring surface; 3) design for large depth of 
cut and very light lateral feed; 4) cutoff tool also has large clearance 
angles; slightly angled cutting edge prevents work being forced away 


clamped to the table. If many 
identical parts are to be cut, a 
template can be used both as the 
bearing surface and a guide for 
the router. 


Drilling 


Twist drills specially designed 
for thermoplastics are readily 
available and suitable for most 
plastics, although conventional 
twist steel drills can be used in 
many cases if properly sharpened. 
For nylon, the drill point should 
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have an included angle of 70° with 
a lip clearance angle of 9 to 15 
degrees. The drill should have 
polished or chrome-plated flutes 
at a 17 degree angle and the lands 
should be % the width of the heel. 

Plastic drills provide maximum 
clearance for the cutting edges 
and have a zero or negative rake 
angle with extra wide, highly 
polished flutes and lands. For long 
runs, carbide-tipped drills are 
recommended. A drill design with 
much longer flute leads than are 


™) 20°. 32° 
| Rs: 


DRILLS FOR VARIOUS 
PLASTICS. One at far left 
is for comparatively deep 
holes in acrylic and similar 
plastics. Drill in center is 
recommended for nylon, 
fluorocarbons, and similar 
tough plastics. The drill at 
right is for use with poly- 
carbonate or acetal. Note 
that flutes are at a greater 
angle and point is shaped 
differently than other two 


conventionally used will permit 
higher production speeds. 

Work should be securely held 
and a slow, careful feed used 
when “breaking through” to avoid 
chipping. It often is advisable to 
use a piece of scrap as a backup 
to provide support directly at the 
drill point. In deep holes, the feed 
should be slowed and drills backed 
out frequently to clear chips and 
prevent excessive heat buildup. 

Compressed air or _ coolant 
squirted from an oil can may be 
used to cool holes of moderate 
depth. A pilot hole may be drilled 
and filled with wax stick to pro- 
vide lubrication and aid in ex- 
pelling chips. In deeper holes, a 
jet or oil-hole drill will feed 
coolant directly to the proper 
point. 

Feed rates should be about 
0.005 ip.r. (in. per revolution) 
for the more brittle plastics (e.g. 
acrylics and polystyrenes); for 
plastics such as_ polyethylene, 
nylon, acetal, and TFE-fluorocar- 
bon feed rates may range from 
0.005 to 0.010 i.p.r. 

Speeds should be 3000 r.p.m. for 
a \%-in. drill to 1000 r.p.m. for a 
\%-in. drill in the more brittle 
plastics. In the less brittle plastics, 
good trial speeds would range 
from 2000 to 3000 r.p.m. 


Turning and screw machining 


Standard metal working ma- 
chinery, including automatic 
screw machines, can handle most 
turning and threading operations 
with thermoplastics. Tools should 
have a zero to slight negative rake 
and should be kept as sharp as 
possible to insure clean cuts. Tools 
with radiused edges eliminate 
scores on the work. Threads can 
be die cut. Alignment of the work 
and the die must be perfect to ob- 
tain best results. 

In turning the more resilient 
plastics, including nylon, acetal, 
and TFE-fluorocarbons, it may be 
advisable to incorporate a chip 
breaker in the tool to prevent 
chips from wrapping around the 
tool and the work. In general, 
optimum speeds for turning nylon 
and acetal would be about 500 
s.f.p.m. (surface ft. per min.) with 
carbide tools having the following 
geometery: side clearance, 15 to 
20°; front clearance, 20 to 30°; 
and zero back and side rake. 
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Essentially the same procedure 
applies to the fluorocarbons, ex- 
cept that speeds may vary from 
560 to 1200 r.p.m. Feed rates usu- 
ally lie between 0.004 and 0.010 
ip.r 

For automatic screw machine 
work on resilient plastics, serrated 
cams are good because they mo- 
mentarily stop thé feed and help 
to break the stringy chips. Re- 
duced feed at the end of tool 
travel helps in achieving a clean 
and accurate surface. The re- 
silient plastics have been ma- 
chined successfully on automatic 
screw machines at speeds from 
4200 r.p.m. for TFE-fluorocarbons 
to 7200 for nylon. 

When turning acrylic parts in 
diameters up to 2.5 in., the ma- 
terial should be turned at speeds 
from 700 to 800 r.p.m. Larger 
diameters require speeds of 500 
s.£.p.m. with feeds of 0.004 to 0.005 
i.p.r. to get clean continuous chips. 

Lathe work on polystyrene is 
difficult. Adequate cooling is 
usually required and speeds may 
be increased in direct ratio to the 
effectiveness of cooling. Sharp, 
high-speed steel or carbide tools 
with slight rakes and large clear- 
ances permit maximum depth of 
cut. Power feeds of 0.020 to 0.030 
ip.r. at 100 to 200 sf.pm. are 
satisfactory for rough cuts with 
finish cuts of about 0.005 i.p.r. 


Tapping and threading 


Taps for thermoplastics should 
have a slight negative rake and 
should produce threads with the 
root diameters slightly rounded. 
This gives better clearance of 
chips and avoids cracking at the 
root of the thread. Standard taps 
and dies for copper and brass may 
be used, if thus modified. 

A special tap has been designed 
for plastics and soft metal. It has 
two flutes and two cutting edges, 
instead of the usual four, to facili- 
tate chip removal. 

National series coarse threads 
should be used wherever possible. 
Taps should be backed out 
Periodically to clear threads of 
chips and avoid stripping. Lubri- 
cants should always be used and 
turning speeds should be slow. In 
some cases, a wax stick inserted 
into the drill hole ahead of the 
tap will serve as adequate lubri- 
cant and also serve to expel chips. 
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CONVENTIONAL MiLL- 
ING CUTTER, operated at 
high speed, low feed rate, 
readily cuts rack gear in 
nylon block in a single pass 


In clear plastics, this also pro- 
duces a cleaner, more transparent 
thread. 

In threading nylon and TFE- 
fluorocarbon particularly, trials 
may indicate that a slightly over- 
size tap may be needed to over- 
come the tendency of these plas- 
tics to be forced back by the tap 
and then return. This tendency 
also may be of value in applica- 
tions where a self-locking thread 
is desirable. 


Shearing, blanking, punching 


In relatively thin sheets, many 
thermoplastics can be sheared, 
blanked, or punched to size with 
sharp-edged steel rule dies more 
economically on long runs than 
they can be sawed or drilled. The 
major exception is polystyrene 


which tends to crack or craze. It 
also is impractical to punch and 
shear cast acrylic sheets, unless 
heated, but the material can be 
cut with rule and blanking dies. 

Blanking, even in heavy thick- 
nesses, is highly economical when 
intricately shaped parts are to be 
formed and dimensional tolerances 
are large. On the heavier gages of 
the more brittle plastics, includ- 
ing acrylic, pre-heating to about 
180 to 200° F. minimizes cracking 
and crazing but also causes the 
upper face to become slightly 
rounded, requiring additional 
finishing operations to make a 
square edge. Stacking thin sheets 
for multiple shearing or blanking 
is not recommended because the 
sheets tend to adhere at the edges. 

Acetate, butyrate, flexible vinyl, 


LARGE PRINTER’S PAPER CUTTER is used on thermoplastic sheeting. 
Sheets are interleaved with paper to prevent sticking at the cut line 


a 





FLUOROCARBON INSERTS for electrical connectors are machined to 
close tolerances on hand miller at the rate of 900 pieces an hour 


and polyethylene, in thicknesses 
up to % in., may be cut at normal 
room temperatures by most means, 
including hand shears. 

Acrylics thicker than % in. and 
rigid vinyl above 0.015 in. in 
thickness, should be heated to 
about 180 to 200° F. before blank- 
ing or shearing. 

High-impact styrene can be cut 
cold with blanking dies in many 
cases. For intricate shapes, it is 
advisable to heat to 180° F. 

Non-precision parts of acetal up 
to %e in., nylon up to % in., and 
fluorocarbon or polyethylene parts 
up to % in., can be punched cold 
from sheet or strip. If cracking 
occurs, it cam be overcome by 
preheating the material or, in the 
case of nylon, boiling it in water. 


Grinding 


Thermoplastic rods can be pro- 
duction sized by centerless grind- 
ing to tolerances as close as 
+0.0005 inch. A silicon carbide 
wheel with open grain is used 
in a water jet. Abrasive cut-off 
wheels are not normally used for 
cutting as they tend to gum up 
and to burn the stock. 


Finishing 


After fabrication, most articles 
require some form of finishing to 
remove tool marks and restore 
natural luster to the material. 
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Care in the final machining cut 
will minimize the amount of 
finishing needed. 

The friction of buffing, sanding, 
or polishing too long or too vigor- 
ously in any one spot can gen- 
erate enough heat to burn or 
soften the surface. The part should 
be kept in constant motion and 
direction of buffing should be 
changed often. Machine sanders 
for finish work should be run with 
a coolant and with extremely 
light feed to prevent clogging the 
abrasive. 

Filing: The vixen file—a mill file 
with deep, single cut, coarse, 
curved teeth—is effective in work- 
ing thermoplastics. Files specifi- 
cally designed for plastics are also 
available. 

Sanding: Where sanding is in- 
dicated, a coarse wet-or-dry 
sandpaper is used, followed by 
successively finer grits until a 
satin finish is obtained. Wet sand- 
ing is usually most desirable. 

Ashing and buffing: Ashing is 
a semi-finishing operation on a 
cotton or muslin wheel with a 
slurry of fine pumice and water. 
It will remove most light scratches 
and saw marks without prior 
sanding. 

Finish wheels: Following ash- 
ing, a high luster is obtained by 
buffing first with Tripoli, or a 
chrome-coloring compound, then 


with a soft, loose wheel on which 
there is no compound. A final 
buffing with an antistatic wax is 
sometimes applied, providing the 
part with a higher degree of water 
resistance and an antipathy to 
dust and dirt particles. 

Solvent polishing: Acetates, 
butyrates, and the acrylics are 
sometimes polished by immersing 
the parts for a few seconds in 
acetone, butyl acetate, ethylene 
dichloride, or other solvents, or 
exposing them to the solvent in 
a vapor chamber. The solvent re- 
acts with the plastic surface and 
forms a film which dries to a high 
gloss. Acrylics should be an- 
nealed after solvent polishing to 
prevent crazing. 

Acetate or butyrate articles may 
also be wiped with a cloth which 
has been dipped in a solution of 
95% isopropyl alcohol and 5% 
methyl Cellusolve acetate. The 
cloth should be resaturated be- 
tween each wiping. Because of 
extreme volatility, solvent polish- 
ing should be done only in well- 
ventilated areas, and precautions 
should be taken to avoid fire or 
explosion. Avoid breathing fumes. 

Acrylics can be effectively 
polished by an oxy-hydrogen 
flame held 4 to 6 in. from the 
part and moved slowly (about 4 
to 6 in. per sec.). Too slow a speed 
will overheat the surface, result- 
ing in slight bubbles. A second 
application of the heat—after the 
material has cooled—usually will 
restore the surface. 

Acetylene flames should not be 
used as they tend to deposit car- 
bon on the surface being polished. 


Tumble finishing 


On large production runs of 
small parts, tumble finishing can 
be used for many of the thermo- 
plastics. 

Pieces are placed in a rotating 
barrel with a medium—such as 
maple wood pegs, felt blocks, or 
ivory nut chips—and a tumbling 
compound — generally sawdust 
with oil and abrasive particle ad- 
ditives—for a specified length of 
time. The process can be used to 
remove burrs or to provide 4 
superfine finish, depending upon 
the type of additives used in the 
drum. Cycles run from 4-hr. to 
rough-finish acrylics to 24 to 48 
hr. to polish butyrate parts. 
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Adhesives for plastics 


A. a result of the increasingly 
widespread use of all forms of 
plastics in industrial production, 
not only have many new adhesive 
formulations been developed dur- 
ing the past year, but scores of 
different uses have been found for 
older adhesives. The relationship 
of the plastics and adhesives in- 
dustries has become more and 
more intimately intertwined be- 
cause of their natural affinity. 

There are a number of reasons 
for this alliance, and low material 
cost is but one of the factors which 
have brought about this inter- 
related growth pattern. Both plas- 
tics and adhesives usually have a 
low initial cost and, since this is 
frequently one of the basic reasons 
for the decision to use plastics, 
the incorporation of “chemical 
fastening” techniques to join plas- 
tics to themselves as well as to 
other materials is a logical step. 
Modern industrial adhesives also 
call for fewer specialized workers, 
permit greater speed of assembly, 
and require less after-finishing 
than do conventional methods, all 
of which contribute to greater 
production economy. 

In addition to these direct sav- 
ings, there are other equally im- 
portant but perhaps less obvious 
“plus” benefits to be derived 
through the use of adhesives. A 
number of these stem from the 
intrinsic characteristics of plastic 
materials themselves, others from 
the generic advantages of adhe- 
sive-bonding. Frequently, adhe- 
sive-bonding is the only means by 
which a job can be done. 

Certain plastics cannot be 
bonded to each other or to other 
surfaces by thermal welding or 
heat-sealing techniques because 
the temperatures involved are 
higher than those which the plas- 
tics can withstand. For such ma- 
terials, special modified epoxy, 
100%,-reactive, solvent-free for- 
mulations, designed to bond at 
room temperature, have overcome 
this problem. 

materials which can with- 
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stand moderate heat and some 
pressure to effect a bond, other 
new adhesives have been devel- 
oped in dry film form and even 
new solvent-dispersed, rigid-cur- 
ing, structural adhesives have be- 
come available. 

“All-plastics” assemblies, used 
where exposed metal must be 
avoided, also demand the adhesive 
joining process. In applications 
where chemical-resistant plastic 
sheetings such as Kel-F or Teflon 
are used as covering or lining ma- 
terial, an unbroken surface is es- 
sential if the basic objective is to 
be achieved. Only adhesives pro- 
vide a means of bonding the com- 
ponents without rupturing or 
otherwise interrupting the pro- 
tective plastic surface. 

Thinner plastics films and most 
plastics foams may not be rigid 
enough to withstand the increased 
stress concentration at points 
where conventional metal fasten- 
ers might ordinarily be used. This 
potential source of bond failure 
can be eliminated by the substitu- 
tion of an adhesive which dissi- 
pates stresses over large areas. 

An adhesive formulation which 
may easily be applied with a small 
brush, for example, makes possi- 
ble the joining of hard-to-handle, 
small, or irregularly-shaped parts. 


By BERNARD GOULD* 


Conversely, an adhesive designed 
for automatic spray machine ap- 
plication simplifies and speeds the 
bonding of large areas such as are 
encountered in the assembly of 
sandwich panels. 

“Chemical fasteners” take many 
forms: liquid adhesives are avail- 
able in a wide range of viscosities 
and percentages of solids (from 
5% to 100%) and literally hun- 
dreds of formulations are pro- 
duced in paste, powder, or dry film 
forms so that there is a choice 
from which to meet almost any 
individual production application 
requirement. 

Numerous specialized features 
can be “custom-built” into ad- 
hesives to add to their versatility. 
For example, when materials with 
differing coefficients of expansion 
are joined, a “flexibilized” ad- 
hesive can compensate for move- 
ment when temperature changes 
occur. Specifically formulated 
primers and tie coats have been 
developed to restrict plasticizer 
migration, thereby making possi- 
ble trouble-free bonding of vinyls 
and other plasticized thermoplas- 
tic materials. 

The actual design of an assem- 
bly involving plastics can be 
varied considerably when ad- 
hesive-bonding is selected as the 


SANDWICH PANEL has foamed polystyrene core coated with low-cost 
epoxy adhesive. Assembly cures at room temperature without pressure 





joining method. The designer finds 
that he now has a wider choice of 
basic component materials and a 
greater variety of production 
techniques with which to produce 
a sturdy assembly. Simplified de- 
sign and lighter weight, as well as 
more efficient and economical 
handling, storage, and shipping of 
the completed unit, often result. 

Beyond these advantages, ad- 
hesive formulations simultane- 
ously perform functions other 
than bonding: heat or electrical 
insulating; sealing, which may be 
particularly important if liquids 
or gases are encountered in end- 
use; or vibration damping. They 
may also be used in conjunction 
with other joining methods for 
temporary holding of parts or to 
add supplementary strength to 
the joint. 

More and more of the design 
concepts developed by today’s 
product engineers appear to in- 
volve service requirements which 
can be satisfied only with indus- 
trial adhesives. 


Specialized adhesives 
Significant developments in ad- 
hesive technology during the past 
year were, for the most part, di- 
rectly related to the expanded 
markets for specific plastics. 


... for polyester film 


One of the many uses of poly- 
ester film involves its lamination 
to resin-impregnated asbestos 
papers, kraft papers, rag papers, 
varnished papers and fabrics, and 
similar electrical insulation mate- 
rials to produce phase and layer 
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CLOSED-CELL FLEXIBLE VINYL 
FOAM used in flotation equip- 
ment and athletic protective 
gear uses new adhesive thot 
offers high degree of solvent 
resistance, plasticizer resistance, 
and stain resistance, in addition 
to outstanding bond strength 


insulation in electrical motors, 
generators, and transformers. 

For such applications, new resin 
adhesive formulations have been 
developed to yield superior re- 
sistance to organic solvents and 
hot oils. After many hours immer- 
sion in toluol, one such formula- 
tion retains nearly all of its initial 
strength while wet and recovers 
it completely after drying. Thus, 
electrical machinery which has 
been insulated with laminations 
produced with this adhesive can 
be dipped in varnishes containing 
aromatic solvents and still main- 
tain full bond strength as well as 
maximum dielectric strength. In 
fact, adhesives of this kind actu- 
ally add to the dielectric strength 


of the lamination and offer excel- 
lent resistance to heat-aging as 
well. For example, many manu- 
facturers make laminations with 
such adhesives which pass Class B 
insulation heat-aging tests; i.e., 96 
hr. at 125° C. (257° F.). 


.».for polyethylene 

The building industry was 
quick to realize the advantages of 
wide width polyethylene sheeting 
as a material for moisture control 
in new construction. Early instal- 
lations were made with asphaltic 
compounds which had definite 
limitations. Today, however, a 
fast-grab, high-tack, waterproof, 
synthetic rubber-resin adhesive is 
used to bond the sheeting to walls, 
floors, foundations, or ceilings—or 
to another polyethylene sheet 
where lap joints are required. 

Bonds may be made up to two 
hours after the adhesive is ap- 
plied, allowing enough time for 
the entire foundation to be coated 
before application of the film, so 
that the vapor barrier can be 
wrapped around in one continuous 
operation, if desired. As a result, 
one or two men can now easily 
and more quickly accomplish a 
job which formerly required a 
crew of ten. 


... for vinyls 

Perhaps the biggest stride in the 
use of vinyl plastics in the past 
year has been fostered by the 


PROTECTIVE POLYETHYLENE foam slabs on trampoline pit are securely 
bonded to concrete rim by adhesive applied to both concrete and foam 
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markedly increased introduction 
of vinyl-clad metal into many 
phases of industrial production— 
housings for business machines, 
luggage, radio cabinets, and a 
wide variety of other equipment 
and appliances. These vinyl-clad 
metal laminates are comprised of 
either smooth or embossed vinyl 
sheeting bonded to steel, alumi- 
num, or magnesium. These rugged 
laminations can be formed, re- 
verse bent, folded, redrawn, 
stamped, sheared, and punched 
without damage. 

New developments in the field 
of adhesives for this specific ap- 
plication have been in the direc- 
tion of formulations which can be 
reactivated at lower temperatures 
than formerly possible. This factor 
is particularly important since 
high heat frequently results in 
smoothing out the decorative pat- 
tern in the vinyl under pressure, 
thus defeating the purpose of its 
use. New adhesives for this proc- 
ess are said to provide satisfac- 
tory bonds, even with improved 
heat-resistance, at well below the 
350° F. temperature formerly con- 
sidered minimum. 


.». for fluorinated polymers 


The frictionless surface of such 
plastic sheetings as Teflon poly- 
tetrafluoroethylene and Kel-F 
polytrifluorochloroethylene makes 
them invaluable as coatings and 
linings for tanks, chutes, and 
other materials handling equip- 
ment, as well as for scores of other 
industrial uses. However, this 
“slippery” characteristic made ad- 
hesive-bonding impossible at first 
and it was not until these sheets 
were produced with one side 
treated for bonding that adhesives 
could be used. This, in turn, called 
for 100%-reactive epoxy-based 
formulations which require only 
enough pressure to assure inti- 
mate contact of the mating sur- 
faces during cure. 

The first epoxies developed for 
this work were relatively heavy 
pastes but, since these liners were 
equally useful when applied to 
cylindrical or irregular surfaces, 
the need for easily brushable ad- 
hesives soon became evident. The 
free-flowing variations of the 
heavier formulations which were 
then evolved provide the same ex- 
cellent bonding characteristics 
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ADHESIVE IN DRY FILM FORM replaces rivets in installation of poly- 
ester-glass skylight on aluminum trailer body 


with the added advantage that 
hard-to-reach or rough surfaces 
can be uniformly coated with ad- 
hesive. 


-+-for epoxies 


In printed-circuit work, a grow- 
ing demand for flame-resistance 
in the baseboard, higher strength, 
and better electrical properties in 


the finished circuit resulted in the 
development of epoxy/paper lami- 
nates; the requirements could not 
be met by the available phenolic 
materials. 

Concurrently, there arose wider 
exposure of the completed circuit 
to end-use service conditions 
where the need for gold or silver 
plating of the circuit became es- 
sential. Since such plating baths 
are alkaline in nature, an adhesive 
had to be developed which would 
be as resistant to these alkaline 
conditions as is the epoxy/paper 
base material. 

The adhesives which are now 
being used to bond copper foil to 
epoxy/paper printed circuit bases 
provide a stronger bond, are al- 
kaline resistant, and provide bet- 
ter electrical characteristics than 
were previously thought possible. 


... for reinforced polyesters 


Formerly more or less limited 
in volume production to decora- 
tive uses, the reinforced polyes- 
ters are now coming into their 
own in structural applications. 
Typical of this is the joining of 


such plastic sheets to aluminum 
frames to serve as skylights in 
truck trailer manufacture. 

The bonding problem here em- 
phasized a need for precise con- 
trol of adhesive application and 
accurate positioning within a nar- 
row area. Liquids or pastes could, 
of course, be used but the newly 
developed synthetic rubber-resin 
adhesives in dry film form are 
particularly well suited for such 
a critical application. 

First of all, adhesives in film 
form are extremely convenient to 
handle. They are not tacky and 
can be easily cut to the desired 
size and shape with conventional 
dies or even with scissors. 

Further, there are alternate 
methods of reactivating the dry 
film to effect the bond. It can be 
lightly wiped with solvent before 
being placed between the mating 
surfaces and a_ strong bond 
achieved at room temperature. Or, 
if heated presses are available, the 
adhesive-filled “sandwich” can be 
heat-reactivated under pressure 
for even greater strength. 


.+.for flexible foams 


When flexible plastics foams, 
particularly the urethanes and 
vinyls, joined rubber latex foams 
as comfort cushioning materials, 
they involved the same basic ap- 
plication and service requirements 
as did rubber latex foams. Adhe- 
sives already available for latex 
foams provided: a) the necessary 
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RUBBER-RESIN-BASED ADHESIVES dispersed in non-flammable solvent 
permit mass production bonding of urethane foam sound-deadening 
blanket to interior of business machine; fire hazards are thus avoided 


immediate tack loss; b) the fast 
“grab” needed for production ef- 
ficiency and speed; c) a bond 
stronger than the foam itself; and 
d) a seam comparable in softness 
to the resiliency and texture of the 
foam. 

However, when the new plastic 
foams came upon the scene, their 
special characteristics demanded 
compensating adjustments in the 
formulation of adhesives used. 


The incorporation of new syn- 
thetic polymers was one of the 
important special features of the 
improved formulations. They pro- 
vide greatly improved spread- 
ability, making possible the easy 
application of glue lines of mini- 
mum thickness without the “bare 
spot” hazards encountered with 
earlier adhesives. These thinner 
glue lines produce even softer 
seams, yet resultant bonds are 


SPRAYABLE ADHESIVES used in phenolic-impregnated honeycomb core 
sandwich constructions provide sturdy bond, are easy to apply 
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stronger than ever before. And 
because the glue line is thinner, 
there is the added economy of in- 
creased coverage per gallon. 

Flexible plastic foams also of- 
fered a number of advantages 
which fitted them for service in 
many diversified fields of indus- 
trial usage when bonded to other 
materials: metal, wood, fabrics, 
rigid plastics, concrete, etc. These 
varied assemblies, in turn, pre- 
sented a broad range of service 
requirements for the adhesive. 
When, for example, flexible foams 
are combined with fabrics in the 
clothing industry, the adhesive 
must withstand drycleaning and 
washing and, additionally, must 
not stain the materials which it 
bonds. When vinyl foams are used, 
the adhesive must also be able to 
overcome plasticizer migration. 

Further, because production 
facilities and joining techniques 
frequently vary from plant to 
plant within a single industry, it 
became necessary to virtually 
“custom-tailor” basic formula- 
tions to meet individual needs. As 
a result, a wide range of viscosi- 
ties to allow for different methods 
of adhesive application, faster- 
drying solvents, or formulations 
which provide specific adhesion 
to other plastics, are all among the 
specialized steps made in this di- 
rection. 


... for rigid foams 


The use of rigid foamed plastics, 
expanded polystyrene in particu- 
lar, also created a considerable 
demand for advances in special- 
ized adhesives technology. 

The building industry was quick 
to realize the obvious advantages 
of these foams as insulating mate- 
rial and adhesive-bonding was al- 
ready a widely used fastening 
method in this field. But the use 
of what appeared to be an ideal 
combination of materials and 
method was sharply limited when 
it was found that most conven- 
tional adhesives contained sol- 
vents which attacked the foams. 

The first step, then, was to bring 
out low-cost reclaim rubber 
mastics dispersed in special sol- 
vent blends to minimize the 
hazard of cell collapse. Water- 
dispersed adhesives of the same 
general type further reduced the 
possibility of cell damage and of- 
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.d the added benefits of non- 
flammability and simplified clean- 
up procedures. 

Like the flexible foams, the 
rigid plastic foams were quickly 
adopted by many other industries. 
These new uses involved mating 
to many other surfaces such as 
wood, metal, and other rigid plas- 
tics, especially as core material in 
sandwich panel assemblies. 

For example, in the production 
of sandwich panels comprised of 
rigid foamed polystyrene cores 
between metal or rigid plastic 
“skins,” certain components, man- 
ufacturing facilities, or end-use 
service conditions may demand 
the use of 100%-reactive, 
room-temperature-curing modi- 
fied epoxy formulations. 

If one surface is a relatively 
soluble thermoplastic (such as 
polystyrene in rigid sheet form), 
an adhesive of this type is essen- 
tial since it eliminates the need 
for detrimental heat and pressure 
during joining. In addition, ad- 
hesives in this group yield mois- 
ture- and  chemical-resistant 
structural bonds which remain 
unaffected within a temperature 
range from below zero up to and 
even beyond the melting point of 
the foam itself. They represent the 
special approach called for by un- 
usually severe enviromental con- 
ditions which the completed unit 
may be expected to face in the 
course of normal service. 

The latest development in this 
area of adhesive formulation oc- 
curred during the past year when 
new room - temperature - curing 
epoxy adhesives, specifically de- 
veloped for bonding rigid plastic 
foams in intermediate-strength 
“structural” applications were 
made available. 

Since such formulations are 
priced at from 30 to 50% less than 
essentially equivalent products in 
the same chemical family, the use 


of rigid foam cores in “sandwich” 
panel fabrication has now become 
economically feasible and, conse- 
quently, promises to be more 
widespread. For example, in six- 
drum lots, the mixed cost of these 
new epoxy formulations is ap- 
proximately $7.75 per gallon. At 
this price, the cost-per-square- 


foot of bonded surface with a glue 
lin .005 in. thick is 2.4¢, compar- 
ing ‘avorably with the costs in- 
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FREE-FLOWING, 100%-REACTIVE EPOXY adhesive seals ends of an- 






tenna circuit which is built into handle molded of ABS polymer. Lead- 
ins from the antenna circuit ore neoprene tubing 


volved in the use of “conven- 
tional” adhesives of far lower 
structural strengths. 

In addition, epoxy formulations 
of this type need be applied only 
to one surface (either “skin” or 
“core” material). Accordingly, 
substantial time and labor savings 
can be expected over solvent-dis- 
persed formulations which must 
be applied to both surfaces. It is 
also reported that these newer 
epoxy formulations can be used 
for bonding almost all other types 
of rigid plastics to themselves and 
to each other, as well as to metal, 
wood, and other rigid surfaces. 

Thus, another year of growth 
within the plastics industry has 
stimulated equivalent research 
and development in its sister in- 
dustry, industrial adhesive formu- 
lating. There is every indication 
that this interrelated growth pat- 
tern will continue to flourish in 
the future. 
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Welding thermoplastics 


By J. A. NEUMANN*® and F, J. BOCKHOFFTt 


W arainc is defined as the art 
of uniting two or more compo- 
nents of the same material under 
the influence of heat and/or pres- 
sure. In an ideal weld, a uniform 
homogenous bond is formed be- 
tween two sections of thermoplas- 
tics materials with a weld strength 
approaching that of the parent 
material. Since there is no prob- 
<q -  y vedrogdbagealven 
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THERMOPLASTIC WELDING ROD 
WELDING GUN — 
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lem of solvent evaporation or cure 
time, any welded section can be 
handled with reasonable care 
within a few minutes after join- 
ing, facilitating rapid and eco- 
nomical fabrication of plastics 
structures. 

Although most thermoplastics 
are weldable by one or more tech- 
niques, polyethylene and non- 
plasticized polyvinyl chloride are 
used to the greatest extent in 
welded structures. Saran, methyl 
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TYPICAL SET-UP (above) for hot gas welding of thermoplastics, using 
an electrically heated gun. Welding rod is of same composition as parts 
which are to be joined. BASIC WELD TYPES (below): A) single-bead, 
single-V butt weld; B) multiple-bead, single-V butt weld; C) multiple- 
bead, double-V butt weld; D) corner weld; E) double fillet weld; F) and 
G) lap fillet welds; H) edge weld (Drawn from sketches by American Agile) 
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methacrylate, nylon, polypropyl- 
ene, and chlorinated polyether 
can also be welded. 


Hot-gas welding 


Thermoplastic sections to be 
welded are suitably bevelled and 
cleaned, and a_ thermoplastic 
welding rod of identical composi- 
tion to the parent material is used. 
Welding rod and weld bed are 
simultaneously heated by a hot- 
gas stream issuing from the weld- 
ing gun. As the two mating sur- 
faces soften and fuse, they are 
forced together to form a melt 
bond. In general, hot-gas welding 
of plastics is similar to oxyacetyl- 
ene welding of metals; the open 
gas flame which furnishes weld- 
ing heat in the latter process is 
simply replaced by a stream of 
heated gas in hot-gas welding. 

Welding guns may be heated 
either by gas or by electricity, the 
electrically heated gun being by 
far the more popular in this 
country. Welding guns should be 
capable of supplying an orifice 
temperature varying from 400 to 
600° F. and should deliver from % 
to 3 cu. ft. of gas per minute. The 
distance between tip of the weld- 
ing gun and weld varies from 
¥g to % in., and within this dis- 
tance a temperature drop of about 
200° F. is experienced. When 
welding polyethylene and other 
oxygen-sensitive plastics, nitrogen 
is used as the heating gas. When 
welding PVC, however, com- 
pressed air seems to give more 
satisfactory results, 

Linear welding speeds of from 
5 to 8 in./min. are commonly re- 
alized, depending on the type of 
weld and skill of welder. It is im- 
portant to maintain an oscillating 
motion on the tip of the gun in 
order to uniformly heat both weld 
bed and filler rod. The correct 
angle between filler rod and weld 
bed varies with the type of ma- 
terial being fabricated. When 
welding low-density polyethylen 
the rod is bent backwards in 
order to exert sufficient bondi 
pressure on the surfaces to 


FABRICATING AND FINISH! 





fused. When welding more rigid 
material such as linear poly- 
ethylene, polypropylene, and non- 
plasticized PVC, the rod is held 
at approximately 90° to the weld 
bed in order to provide most effec- 
tive control. 


Heated-tool welding 


Heated-tool welding of sheet 
and heat sealing of film are simi- 
lar operations. Both techniques 
make use of a heated tool to bring 
the plastic to fusion temperature. 
Heat is applied to the surfaces to 
be joined by bringing them into 
proximity or actual contact with 
a heated metal plate or other 
heated tool, and retaining them 
there until there is a build-up of 
molten material. As soon as the 
plastic surfaces are sufficiently 
heat-softened, they are removed 
from the plate, quickly joined to- 
gether, and held firmly in position 
until the melted plastic has cooled 
to form a strong joint. 

Electrical strip heaters, hot 
plates, and soldering irons are 
convenient means of providing 
high local temperatures. If direct 
contact of the plastic is made with 
the plate, any excess material 


which is left on the plate should 


be removed between welding 
operations. Temperature of the 
hot plate should be thermostati- 
cally controlled. In heated-tool 
welding of most plastics, the pres- 
sure during fusion varies from 3 
to 12 p.s.i.; this pressure range 
provides adequate adhesion with- 
out excessive flash. . 

The time required for fusion at 
the hot metal surface may vary 
widely, but an interval of about 
4 to 10 sec. at the suggested pres- 
sure and temperature generally 
gives best results. During the 
welding operation, the pressure 
between the two softened thermo- 
plastic pieces should be sufficient 
to force out air bubbles and bring 
all surfaces into intimate contact. 
The greatest single factor in the 
production of consistently good 
welds is the time lapse between 
removing the melted pieces from 

hot plate and joining them 

ther to form a weld. This in- 
il should be kept at one sec. 
ss if possible. 

ated-tool welding has been 
in joining acrylics and plas- 
d PVC, but is finding in- 
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HEATING ELEMENT 


SEAM WELDED 


HEATED-TOOL WELDING technique. A) Edges of plastic sheet are 
heated; B) heated edges are butted to form joint. Time lapse between 
steps should be kept to one sec. or less (From Hercules sketch) 


creased application in joining 
branched and linear polyethylene 
and polypropylene. The _ tech- 
nique is widely used in welding 
pipe and large tubing. 


Friction welding 


Heat generated by rubbing to- 
gether two plastic surfaces may 
be used to produce a fusion weld. 
Motion may be oscillating, or ro- 
tational (spin welding), the latter 
usually being more convenient. 
Friction welding is applicable to 
all surfaces which can be rubbed 
against one another in a lathe, 
drill press, or other device. 

A common technique is to rotate 
one half of an assembly to be 
joined against the other half, 
which is held stationary, thus 
generating enough frictional heat 
to melt and fuse the mating sur- 
faces. Since thermoplastics are 
poor heat conductors, satsfactory 
welding temperatures are reached 


SPIN WELDING of locking 
button to knob of automo- 
bile window crank is accom- 
plished with special driving 
tool (From Du Pont sketch) 
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very quickly. There is little neces- 
sity to clean surfaces prior to 
welding, as surface film or dirt is 
squeezed out in the course of the 
spinning operation. As a general 
guide, a pressure of 10 to 200 p.s.i. 
is required for a period of a few 
seconds. The whole operation, in- 
cluding chucking, seldom requires 
more than 30 seconds. 

The primary advantages of fric- 
tion welding are speed and sim- 
plicity of operation. Standard ma- 
chine shop equipment, such as 
lathes and drill presses, may be 
adapted for many applications. 
Frictional heat is of such intensity 
that it produces almost immediate 
surface welding while the tem- 
perature of the material beneath 
the weld remains relatively un- 
changed. 

Friction welding has been used 
in the production of tool handles, 
container caps, instrument knobs, 
pipe fittings, lenses, bottle sec- 
tions, and pipe connections. 
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Painting plastics 


D cccrative and __ functional 
painting of plastics has developed 
into an important segment of the 
plastics industry. Advantages of 
painting as compared with inte- 
gral color in the material include 
lower material costs, greater flex- 
ibility of operation, extended 
range and uniformity of colors, 
and improved physical properties 
in many cases. 

Most thermoplastics are fin- 
ished with air-drying paints, al- 
though baking finishes are com- 
monly used on_ thermosetting 
plastics. Low-bake materials, 
which cure in the neighborhood 
of 150 to 170° F., are often used 
in conjunction with vacuum 
metallizing. 

Many of the problems encoun- 
tered with finishing of plastics are 
similar to those found in metal 
and wood finishing. However, be- 
cause of the nature of the sub- 
strate, plastics finishing gives rise 
to some unusual problems. Many 
of these are interrelated and 
* Product Manager and ftResearch and De- 


velopment, Bee Chemical Co., 2700 E. 170 
St., Lansing, Ill 


most of them can be corrected in 
production. 

To adequately perform his job, 
the design engineer who specifies 
finished plastic component parts 
should have both a knowledge of 
the effect of paint upon the dur- 
ability of the plastic part as well 
as of the physical properties of 
the paint itself. Care must also be 
taken when selecting coatings to 
be sure that all the operating 
properties of the item are met. 
This requires thorough knowl- 
edge of the function and end use 
of the part. 


Effect of paint 


Generally, hardness and exten- 
sibility of paint films are inversely 
proportional, and since most ap- 
plications demand hard, mar- 
resistant coatings that adhere 
well, extensibility is the property 
which is usually sacrificed. 

Impact strength of the painted 
part may decrease if the part is 
bent or struck in such a way as 
to place the paint film under ten- 
sion rather than compression, e.g., 





CHECK LIST TO DETERMINE CAUSE OF ADHESION LOSS 


1) Checking the paint surface: 


A) If the paint has lost gloss, humidity blush is probably the 
cause. Solution: Change to high humidity thinner. Dry 
spray is also a possible cause, so try spraying wetter. 

B) If craters or pinholes are present, check for random con- 
tamination by oil and water in the air lines. Check further 
by washing a few parts with “cool” paint thinner and then 
spraying. Craters should reappear if the air line is contami- 
nated. If adhesion is satisfactory after repainting and no 
craters are present, continue check for part contamination. 

2) Checking for mold release or other contaminants: 

A) Clean by washing a dozen or so parts with a thinner in- 
active toward the plastic and then spray these parts on 
the production line. If the paint develops adhesion, the 
problem was due to some sort of surface contaminant which 
was removed by the solvent wash. 

B) If the paint does not develop adhesion, the problem may be 
due to a contaminant not removed by the wash, such as 
silicones, which are difficult to remove. 

C) Obtain parts of the same type of plastics which are known 
to be free of surface contamination and spray them on the 
production line. If adhesion is satisfactory, the trouble is 
in the specific parts in question. Then look for excessive 
mold release, waxed cartons used to store parts, and ex- 
cessively high internal lubricant in the molding material. 





By T. E. HAYDEN* and JOHN SCHARNBERG} 


if the impact force is applied op- 
posite to the coated side, thereby 
stretching the paint more than 
the plastic. In theory, because the 
paint film adheres and does not 
“pop off” the plastic, the paint 
fractures first and the stress con- 
centration point is carried through 
the plastic. The same force ap- 
plied to the coated side, placing 
the paint film under compression, 
would not result in lowered im- 
pact resistance. 

A recent study’® of acrylic and 
polyester moldings for automotive 
applications which were decorated 
by common spray or vacuum 
metallizing methods, pointed out: 
“An evaluation of their intrinsic 
properties shows clearly that in 
many applications where die cast- 
ings have traditionally been used, 
such plastics can meet the physi- 
cal requirements when proper de- 
sign principles are followed.” 


Crazing 


Crazing of dried paint films is 
caused by the presence of internal 
strains in the painted plastic part, 
resulting from: 1) too rapid 
cooling of a hot plastic; 2) me- 
chanical strain resulting from ex- 
cessive mechanical forces; 3) ab- 
sorption of paint thinners which 
are non-solvents for the plastic. 

Of these, only the first two can 
cause crazing alone. To craze 
upon contact with paint thinners, 
the parts must be already 
strained. For example, parts al- 
ready strained just short of craz- 
ing by temperature shock require 
less force to craze, and the ab- 
sorption of non-solvent thinners 
may be sufficient to accomplish 
this end. The solution may be to 
mold with longer cycles and with 
warmer cavities, to anneal to re- 
move strain, or to adjust paint 
solvents. 

The impact strength of a fin- 
ished part remains a function of 
the type of plastic, supporting 
design, thickness, molding condi- 
tions, efficiency of annealing op- 
erations, and subsequent finis! 
ing operations. Thermoplastic 


1$ee Rohm & Haas publication under Re/er- 
ences, p. 798. 
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items such as shoe heels, which 
undergo tremendous’ working 
forces, are not greatly affected by 
lacquering, although thin, high- 
style heels must have steel re- 
inforcing dowels even if un- 
painted. Thermoplastic football 
helmets, another example of 
painted parts which take much 
abuse, are not supported by metal 
but are intrinsically strength-de- 
signed. 


Adhesion 


Properly formulated paints do 
not adhere to plastics by virtue 
of solvent attack or etch. If they 
did, second surface (reverse side) 
decoration could not be accom- 
plished without objectionable 
crazing or etching, which in ex- 
treme cases causes the plastic 
surface to look like frosted glass. 
Even though some plastics may 
tend to absorb solvents, adhesion 
is not dependent upon this. Ad- 
hesion to rough surfaces may be 
mechanical, but much more im- 
portant is “specific adhesion” 
which depends upon the polarity 
of the part and the plastic or pri- 
mary valences. Simply, this means 
“natural” adhesion. The phenom- 
enon of adhesion explains the ne- 
cessity of oxidizing the surface of 
polyolefins, which are non-polar, 
by pre-treating. Because polyole- 
fins are inert, even strong sol- 
vents are unable to achieve any 
degree of adhesion through etch- 
ing. 

Although pencil tests and more 
complex machine tests can be 
used to measure adhesion, the 
Scotch Tape test over a cross- 
hatched area is generally recog- 
nized as the industry standard. 
Coatings are considered adequate 
if they are capable of resisting 
rapid withdrawals of the firmly 
applied tape. 

Many factors can adversely in- 
fluence paint adhesion, but the 
most notorious offenders are 
mold-release agents, which by 
nature are designed to be “non- 
stickers.” The use of mold lubri- 
cants should be avoided when 
producing parts which are to be 
subsequently decorated; however, 
this can be done only if the part 
and the mold are designed with 

and speed of ejection in 
Excessive use of mold-re- 
agents to speed up molding 
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TABLE |: Typical hardness and humidity properties of lacquers 


for thermoplastics 





Pigmented spray and 


screen paints 
Type A 


Vacuum metallizing systems 
A 





of 


plastic Hardness“ 


ABS 
(Injection molded) 


2H-3H 
Acetate ° 
Acrylic 

Polyolefin 

Polystyrene 

Rigid vinyl 


Flex. vinyl “4 


Humidity 
hours” 


‘ = ‘ 
Humidity 


Hardness* hours” 


1000 2H-3H 500 
1000 . 24 

1000 

500 ° 100 

1000 H 170-500 

1000 H 170-500 


100 N/A N/A 


*These plastics are considered to have soft surfaces; hence paint hardness is more a function of the 


hardness of the specific plastic substrate. 


*The hardness tests were conducted using Venus drafting pencils, with a sharp conical edge (1/64 
by 1/32 in.) held at 45° angle. Hardness indicates that pencil which will not cut the paint film 


before the lead crumbles. 


»Humidity tests conducted at 110° F., 100% relative humidity. The hours indicate increments 
passed with no softening, blistering, or loss of adhesion of the film after a 15 min. air dry recovery 


period. All tests stopped after 1000 hours. 





cycles can only result in an in- 
crease in the percentage of re- 
jected parts after painting. 


Physical properties 


A hard film with a low coeffi- 
cient of friction to give best abra- 
sion resistance is usually desired. 
A given paint applied to acrylic, 
for example, may be exception- 
ally hard, but applied to a soft- 
flow butyrate or to foamed poly- 
styrene may appear to have lost 
hardness unless it is remembered 
that thin paint films are not self- 
supporting and must have firm 
backing to display their true 
characteristics. Generally, high- 
gloss colors will have more hard- 
ness and abrasion and mar resist- 
ance than semi-gloss or flat. 

Table I, above, lists the relative 
hardness of lacquers for various 
types of plastics, including top 
coats for vacuum metallizing. The 
data given are for coatings in 
normal use and do not necessarily 
indicate the highest or lowest val- 
ues obtainable. The table shows 
2H—3H pencil hardness. for lac- 
quer for polystyrene. Although 
generally true, this statement 
would be quite false for expanded 
styrene and its soft surface. 


Chemical properties 


The chemical properties of 
many plastics may be made bet- 
ter by the application of paint. 


Solvent resistant clear or pig- 
mented paints may be applied to 
plastics to protect them from 
deleterious effects of concentrated 
acids, solvent etch, perspiration, 
and staining. Such coatings are 
used for decorating or protecting 
battery cases, pen barrels, hospi- 
tal trays, and liquor bottle caps. 

Because of the economic ad- 
vantages of painting virgin color, 
vacuum-formed housings rather 
than molding small lots of special 
colors, for example, one photo- 
copying machine manufacturer 
required a paint that would resist 
spilled photographic solutions 
containing 5% sodium hydroxide. 
A chemical resistant top coat over 
the color coat would add too 
much cost; therefore, the color 
coat was designed so the solution, 
if removed within 15 minutes, 
would not harm the paint. A pud- 
dle of solution allowed to remain 
longer will cause only a very 
slight color change. 

If the paint is to be applied to 
or come in contact with plasti- 
cized polyvinyl chloride or parts 
molded from cellulose acetate, the 
paint must also resist plasticizer 
migration. Since plasticizers are 
extremely slow-drying solvents, 
they may migrate into the paint 
film and actually redissolve it, 
thereby causing the paint to be- 
come tacky. 

Ability to resist staining or 
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TABLE Il: Results of Taber 
Abraser test* 





Cycles/mil of 


Material film abrasion 


Automotive paint 1850 


Normal pigmented 
plastic paint 


Plastic paint— 
pigment underleaded 
to equivalent of 
auto paint 2425 


*Using CS-10 Calibrese wheels with a 500 g. 
load 





plasticizer migration is largely 
dependent upon the type of paint 
resins used, If it is known that a 
coating must resist powerful 
staining agents such as mustard 
or iodine, then specific paints 
must be used. These coatings, be- 
cause of their specialized nature, 
may lack other properties such as 
mileage or hardness. Polyvinyl 
chloride, acetate, and soft flow 
butyrates are most likely to pose 
plasticizer problems. 


Abrasion resistance 

Most quality air drying paints, 
including vacuum metallizing top 
coats, have excellent wearability 
characteristics and will pass most 
stringent requirements. 

A common wear test for such 
coatings consists of loading a 2- 
in. wide band of 1.95 cotton drill 
with a 5 lb. weight and recipro- 
cating it across the surface of 
the part at 12 cycles per minute, 
the band traveling across the part 
for a distance of 8 inches. The 


parts must withstand 10,000 cy- 
cles without a break-through of 
the coating. 

The abrasion resistance of pig- 
mented metallic, air dry spray 
paints for acrylic, polystyrene, in- 
jection molded ABS, and rigid 
vinyls is excellent. These paints 
are compared, in Table II, left, 
to an automotive exterior body 
paint currently in use. 


Film defects 


Orange peel, a wavy surface, 
results from a paint film becom- 
ing immobile before it can flow 
out properly, due to either insuf- 
ficient high boiler in the paint 
formulation, or spraying too dryly 
(but yet not dry enough for dry 
spray). Orange peel results in an 
unattractive and sometimes lower 
gloss film. The problem is solved 
by applying a wetter paint film 
by slightly increasing the pres- 
sure-pot pressure, by decreasing 
atomizing pressure, or both. 

Craters are small areas almost 
void of paint. Usually they result 
from surface contamination. Cra- 
ters may also be caused by a paint 
having too much high boiling 
solvent which results in a low 
viscosity and a thin film being 
laid upon the surface. If dust or 
other contaminants are present, 
the “pull away” and subsequent 
rupture in these small areas 
leaves the appearance of craters. 
Cratering problems may be 
solved by drying up the spray, by 
thoroughly cleaning the plastic 
surface, or by cleaning and purg- 
ing the air line to insure that it 
is free of water and oil. 

Humidity blush can cause loss 


of adhesion as well as gloss and 
color change. It is the result of 
water condensing on the paint as 
the solvents evaporate and cool 
the film. Blush can often be pin- 
pointed by spraying two panels 
simultaneously and then placing 
one in a stream of forced hot air 
while allowing the other to dry at 
room temperature. The panel 
dried by hot air should have nor- 
mal gloss and adhesion, whereas 
the other will exhibit blush and 
lack of gloss and adhesion. Blush 
problems can usually be solved 
by forced drying. 

Another answer to humidity 
blush is the use of the proper 
“humidity thinner” recommended 
by the paint manufacturer, when 
the relative humidity exceeds 
70 percent. Humidity blush ac- 
counts for 90% of the production 
problems which are encountered 
with paints during the humid 
summer months. 

Paint fading may be en- 
countered if the proper “light- 
stable” paint is not used for such 
items as outdoor signs or point- 
of-purchase displays which may 
be placed in a dealer’s window. 
Most quality coatings for plastics 
are light stable resin-wise and, 
therefore, either do or do not pass 
outdoor exposure tests depending 
upon the type of pigments used. 
The color range of light-stable 
pigments is not as extensive as 
normal “indoor” pigments and it 
is unwise to necessarily specify 
light stability if it is not required. 

“Non-toxic” coatings are de- 
sired primarily by toy manufac- 
turers. The toxicity of a paint is 
dependent upon the resin system 





TABLE Ill: Compatibility of multi-method painting systems 





Spray Spray-and-wipe Silk screen 


Roll coat Hot-stamp Metallizing 





Spray Yes Caution Yes Yes Yes Caution 


Spray-and-wipe Yes Not Not Not Not Yes 
(2nd recommended applicable (2nd 


applicable 
surface) surface 


applicable 


Silk screen Yes Caution Yes Yes Yes Caution 


Roll coat Yes Caution Yes Not Yes 


applicable 


Cautio: 


Hot-stamp Caution Not 


recommended 


Caution Caution 


Cautio: 


Metallizing Caution Caution Caution Caution Not 


applica! 
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and pigments; many pigments 
which are quite desirable because 
of their fast hiding powers can not 
be used in “non-toxic” coatings 
because they are composed of lead 
or other heavy metals. For exam- 
ple, it is often necessary to make 
a complex blend of several pig- 


ments to achieve a bright canary 
yellow, which ordinarily could be 
met with “toxic” lemon chrome 
yellow. 


Multi-method painting 


When a plastic part is to be 
decorated by several methods, 
certain factors govern the se- 
quence of operations as well as 
the problems likely to be en- 
countered. 

If a part has been metallized 
and top coated to protect the 
metallic film, and subsequent 
color decorating is to be applied 
by spraying, there is generally 
no problem; however, the paint 
manufacturer should be advised 
so that a compatible color coat 
may be supplied. 

The spray-and-wipe method is 
used where recessed or depressed 
areas, such as letters or numbers 
on dials, are to be painted for 
accentuation. When this method 
is to be used over a sprayed, 
Screened, or roller-coated back- 
ground, a wiping paint is required 
that won’t attack the solvents of 
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_ | SEQUENCE of decoration 
of styrene doll head. 
Flesh color for mouth and 
ear is sprayed simultan- 
eously with white on eye, 
using baffle-type mask 
(left). Head travels on 
conveyor through oven to 
next booth where opera- 
tion is repeated for other 

: side. Same sequence is 
used for application of 
the black (right) (Photos, 
Decorative Engineering 
& Supply, Inc.) 


the background paint. When this 
method is used near a_hot- 
stamped area, the same consider- 
ation applies. 

Spraying over a _ spray-and- 
wipe surface is only used in sec- 
ond-surface decoration, and pre- 
sents no problems. 

Spraying over hot-stamping 
can present special problems be- 
cause of strains in the part which 
are not noticeable until they show 
up as crazing. The safest solution 
is to anneal the parts or thin the 
paint with an inactive or cool 
thinner. A more serious problem 
occurs when spraying is done over 
bright hot-stamp tapes; most of 
these are sensitive to solvents, 
whether applied first or second 
surface. Clear coats are often 
specified when bright tape is used 
on the first surface and special 
paint formulations must be used. 
Hot-stamping over spraying is a 
reverse technique which is being 
more widely used. Some lacquers 
and enamels will accept stamping 
but others present an adhesion 
problem. It is desirable to have a 
fast-drying coating which ex- 
hibits no solvent retention proper- 
ties to avoid blistering if the part 
is to be hot-stamped shortly after 
spraying. Another alternative is 
to allow a1 or 2 hr. air-dry be- 
fore stamping; this is impractical 
for conveyor finishing lines. 


Silk screening over a sprayed 
area is quite common and there 
is no problem as long as the spray 
and screen coatings are com- 
patible for proper adhesion. 

Spraying over a sprayed coat- 
ing is standard practice, as in the 
case of television masks where 
two contrasting colors are de- 
sired. This technique becomes 
even more economical when sev- 
eral sets of colors are used to 
provide the consumer with a wide 
choice of color combinations. The 
first color is sprayed over-all; the 
second color, the trim, is then 
sprayed with a mask. The main 
consideration is not to intermix 
lacquer coats and enamel coats. 
Also, some lacquers may not ad- 
here to others of different formu- 
lation. Therefore, it is normally 
safer to use the same manufactur- 
er’s formulation for all paints on 
a particular job. 

Spraying over a silk-screened 
area is frequently done, mostly on 
the second surface. The colors are 
screened and the translucent 
white background is_ sprayed. 
Specifying a flat translucent color 
for this application helps to elim- 
inate mottling. As is generally 
true with spraying all plastics, 
it is much better to apply several 
light passes rather than one 
heavy pass. 


When metallizing over a 
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sprayed coating, the entire paint 
system of base coat and top or 
back-up coat must be considered. 
For example, in decorating a dial 
on the second surface having a 
block area sprayed in color and 
a metallized background, the met- 
allizing base coat must be com- 
patible with the sprayed colored 
material. As long as the base coat 
is force-dried or baked there 
should be no outgassing problems 
due to the extra thick film in the 
color area. The multi-method 
painting systems described above 


The term “decoration” is here 
used to describe the selective ap- 
plication of paint to certain areas. 
It is not meant to include over- 
all spraying of the plastic part or 
dipping. 


Spray painting through masks 
Hand spraying: A hand-oper- 
ated spray gun, a mask, and a 
clamping fixture are basic equip- 
ment for producing quality work 
manually. Stock fixtures are 
available which can be adjusted 
to accept various size masks. 
Special fixtures can be made to 
take parts which, because of 
size or shape, can not readily be 
painted in a standard fixture. 
Automatic spray painting ma- 
chines, fed either manually or by 
a hopper, are ideal for extra- 
large production runs; labor is, 
of course, kept to a bare mini- 
mum. The complexities of such 
machines, limit their 
use to painting parts which have 
a volume or value sufficient to 
justify a large capital outlay. 
Semi-automatic machines are, 
because of their versatility and 


however, 


sales Manager, Finish Engineering Co., Inc 
)1 Greengarden Rd., Erie, Pa 
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are summarized as to compatibil- 
ity in Table III, which appears 
on p. 796. 
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moderate cost, used extensively 
for painting parts, for both short 
and long production runs. Most 
of these machines can _ be 
changed over to a new job in 30 
min. or less, and are capable of 
handling a variety of sizes and 
shapes with only simple tooling 
change. Using these machines re- 
quires an operator to load the 
part, actuate a starting device, 
and then unload the painted part. 
Production rates of 400 to 1000 
parts per hr. are being achieved. 
The various types of semi-auto- 
matic painting machines can be 
identified by their spray gun mo- 
tions which are: 1) reciprocating, 
2) oscillating, 3) swinging, and 
4) fixed gun—rotating parts. 

1) Reciprocating gun machines 
are usually necessary for painting 
parts over 12 in. long. The more 
efficient machines of this type 
carry the spray guns on an over- 
head carriage and paint the part 
with one over-and-back motion. 
To paint under bridging wires 
on the mask and to cover verti- 
cal walls, the spray guns are 
tilted at the end of each stroke 
so that they spray ahead of the 
carriage. The carriage can be 
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- oa SWINGING GUN MA- 


CHINES can paint around 
bridge work most effi- 
ciently. They can be used 
on both concave surfaces 
(Fig. 1) and convex (Fig. 


2’ 2) surfaces 
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powered electrically, hydrauli- 
cally, or pneumatically, air being 
best for short strokes and an elec- 
tric motor best for smooth travel 
on long strokes. 

The operation of the reciprocat- 
ing gun-type machine is illustrated 
in the diagram which appears on 
p. 799. 

2) Oscillating gun machines 
impart a wrist action to the spray 
guns and are best for painting 
flat and concave surfaces on small 
parts. An oscillating spray gun 
gives satisfactory coverage when 
the bridging on the mask is 
simple; when there is consider- 
able bridging, however, a different 
type of gun motion should be used 
to avoid bridge shadows. 

The operation of the oscillating 
gun-type machine is illustrated in 
the diagram which appears on p. 
799. 

3) A swinging gun machine has 
the particular advantage of paint- 
ing around bridge work most 
efficiently. It is an _ excellent 
choice for painting both convex 
and concave surfaces, the path of 
the paint pattern being adjusted 
by varying the are through which 
the gun swings. 

The operation of the swinging 
gun type of machine is illustrated 
in the diagram which appears at 
left. 

4) Fixed gun painting ma- 
chines, of course, require the part 
to be moved to achieve more than 
spot coverage. Rotating the part 
while painting will give excellent 
coverage on all round, spherical, 
cubical, and flat shapes. This is 
the most versatile of all the avail- 
able painting machines, since mo! 


FABRICATING AND FINIS 










shapes can be accommodated and 
more effects produced than with 
any other machine. For example, 
two or three colors can be sprayed 
on a part in one operation. As 
many as five colors have, in some 
instances, been sprayed at the 
same time. Of course, a distinct 
separation of colors must exist 
for multi-color spraying to be 
possible. In addition, the separa- 
tion must be on a circular plane. 
Ease of set-up is another ad- 
vantage of this machine since the 
guns are fixed and easily accessi- 
ble. Dissimilar coatings can be 
sprayed in succession on the same 
area. 

Special painting machines can 
be designed when none of the 
standard units will do the job 
efficiently, e.g., when painting odd 
shapes or for special effects. To 
handle a large-production run, 
dial-indexing machines are fre- 
quently used. Chain-on-edge ma- 
chines are often used to apply 
protective coatings with a mask, 
as well as for painting the entire 
outside surface of a part. A recent 
development rotates the spray 
gun while the parts pass by on a 
conveyor. This is extremely fast 
and effective on “hard to spray” 
parts. 


Mask washers 


Mask washers are essential to 
production painting and are used 
with most painting machines. 
When clogged with paint, the 
mask is placed in a washer and 
cleaned while the painting opera- 
tion continues with the use of an- 
other mask. 

There are several good types of 
mask washers. The most popular 
of these brings a solvent into con- 
tact with the paint-clogged mask 
by agitation, pumping, spraying 
through nozzles, or whirling in 
a spinning barrel. The most recent 
development in mask washing 
techniques sweeps the entire 
mask back and forth through the 
washing solvent. This reaches all 
the surfaces equally and has 
proven to be the fastest method 
yet devised. 


Fill-and-wipe painting 

This technique is 
erous plastics parts such as 

automotive speedometer and in- 


used on 
ni 


dicotor dials, appliance adjusting 
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knobs, and controls. These parts 
are molded with a depressed de- 
sign of fine lettering, arrows, 
scales, and indicating lines, which 
are often too small to be masked 
efficiently. Paint can be applied 
to such parts by one of the stand- 
ard spraying methods or by auto- 
matic contact filling. 

The surplus paint is then wiped 
off the areas which are to be 
clean, the wiping being done by a 
semi-automatic paint wiper which 
presses the painted part against 
a towel with controlled pressure 
and movement. Preset cycles and 
movement are quickly adjusted to 
a wide variety of parts. For high 
production runs, painting and 
wiping can be combined in one 
machine especially designed to 
provide both the painting method 
and wiping motion best suited to 
the part’s shape. 


Roller coating 

Roller coating is often used for 
coating raised designs or letters. 
In many cases, spray painting 
such designs through masks is 
not practical due to delicate mask 
construction and necessity for ex- 
treme part accuracy. 

While hand rollers with block 
cut masks are used for short runs, 
roller coating machines give very 
high production rates and close 
quality control on large runs. 
Raised letters on dials are coated 
with a circular motion; even 
slightly conical shapes have been 
done both inside and outside. 
Stripes may be applied to un- 
interrupted surfaces even though 
raised ribs are not molded into 
the part. 


Screen process printing 
Screening machines are used to 
apply decoration by what is often 
called the “silk screen” process, 
although today other materials, 
such as synthetic or metal fibers, 
e.g. nylon, or stainless steel, are 
used for the screens. For a short 
screening run, the cheapest screen 

















OSCILLATING GUN 
CHINES, which impart a wrist 
action to spray painting guns, 
are best for use on small flat 
or concave surfaces 


material is likely to be most eco- 
nomical. For the longest runs, a 
stainless steel screen gives lowest 
unit cost. Most screening ma- 
chines are used for decorating 
flat surfaces, but cylindrical sur- 
faces may also be decorated. Some 
types of dials can be screened 
with a circular motion of the 
squeegee. 

A great improvement in screen- 
ing efficiency has been realized 
through the development of air 
fixtures which bring the part ac- 
curately into position and hold it 
there during screening. Another 
timesaver for setting up a job is 
the part holder mount with knob- 
controlled micrometer adjustment 
in three directions for accurate 
location of screen to part, thereby 
aiding in registration. 

The companies specializing in 
the manufacture of decorating 
tools and machines have advisory 
services available to the trade. 
These include recommendations 
on part design for most efficient 
decorating as well as advice on 
equipment and production pro- 
cedures. 





RECIPROCATING GUN 
MACHINES are usually 
necessary for painting 
parts over 12 in. long. A 
description of their op- 
eration will be found in 
the text on p. 798 














Deflashing and finishing 


Tuc economical mass-produc- 
tion methods of deflashing and 
deburring both thermoplastic and 
thermosetting molded parts are 
barrel tumbling and airless blast- 
ing; the former can also be em- 
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ployed as a final finishing and 
polishing procedure. 

While tumbling for removal of 
flash and for final polishing has 
long been an established practice 
in compression molding shops, 


little knowledge has been made 
available on the application of 
this process to thermoplastics. The 
following section will therefore be 
devoted mainly to tumbling as it 
applies to these materials. 





By JOSEPH ASHMORE* 


Success with tumble finishing of 
thermoplastics depends on finding 
the proper tumbling system. With 
some thermoplastics, such as the 
cellulosics and methyl methacryl- 
ate, much experience has been 
accumulated and finding the sys- 
tem to use is an easy job. Even 
soft, tough materials like Teflon 
ean be finished by tumbling, as 
can styrene and nylon. 


Tumbling costs 


The use of tumbling equipment 
is generally worthwhile investi- 
gating when there is a hand-fin- 
ishing job involved. It is especially 
desirable to evaluate the advan- 
tages of using tumbling where 
large volumes of small parts must 
be polished or cleaned on a con- 
tinuing basis. 

As an example of the lower 


*President, Tumb-L-Matic Inc., Stamford, Conn. 

This section is ted from an article by 
Mr. Ashmore, entitled “Tumbling thermoplas- 
tics,” which appeared in Mopern Ptastics 
Magazine, Mar. 1960, p. 109 


costs possible using tumbling, one 
manufacturer with an installation 
of 48 two-compartment, wood- 
lined barrels produced 25 gross of 
finished eyeglass frames in a 40- 
hr. week. Total tumbling cost of 
the frames, including depreciation 
of equipment and costs of media 
and compounds, was approxi- 
mately $2.12 per gross. To hand- 
finish the same quantity, the cost 
of the labor alone was approxi- 
mately $7.00 per gross. In other 
words, savings of up to 70% were 
realized. 


What tumbling does 


Three types of mechanical ac- 
tion take place during the tum- 
bling operation: 1) chipping, 
which removes burrs by breaking 
them off the work piece; 2) grind- 
ing and polishing, which results 
when an abrasive compound is 
used with suitable media to rub 
against the part; and 3) flowing 
or peening, which, when the parts 
are malleable, can densify the sur- 





TABLE |: Tumbling media used for thermoplastics 





Medium Type 


Maple wood pegs 
Maple wood balls 
Felt blocks 
Lignum vitae 
Ivory nut chips 


Steel shot and shapes 


Size range 


in, 
Vig by %e to 
% by 1% 


3% diam. to 
¥% diam. 


Cutting, deburring, 
polishing 


Cutting, deburring, 
deflashing, polishing 
% in. sq. to 
1% in. sq. 


Cutting, deburring 


% in. sq. to 
1 in. sq. 


Cutting, polishing 


Ve to % Cutting, deburring, 


deflashing, polishing 


Vig to % Deflashing 





face. In general, the process con- 
sists of the removal of surface or 
projecting material or the ham- 
mering of a_ surface. Control 
depends on the selection of the 
proper equipment, batch formu- 
lation, and operation technique. 

Several process variables deter- 
mine the exact tumbling system 
to use. These include 1) the ma- 
terial to be finished, 2) shape and 
size of the part, 3) equipment, 4) 
tumbling media, and 5) work 
loads. 

Material: The microstructure of 
thermoplastics varies from ma- 
terial to material. Some are dense 
throughout (cellulosics, acrylics); 
others have porous subsurface 
structures (polystyrene, nylon). 
These differences will call for dif- 
ferent batch formulations and 
tuntbling media. 

Shape: Exposed corners receive 
maximum action, followed in 
order by exposed edges, convex 
surfaces, flat surfaces, and concave 
surfaces, down to slots and holes 
which may receive little action. 
Pieces with protrusions may 
block off sections from being fin- 
ished. Some pieces may require 
additional finishing operations for 
a complete job. 

Size: It is difficult to place a 
limit on the size of the pieces. 
Parts with as much as 24 sq. in. 
of surface are being tumbled. At 
the other extreme, disk-shaped 
pieces with diameters as small as 
¥g-in. and thicknesses of ‘s-in. 
are also being successfully finished. 

Barrels: These operate either 
horizontally or at an angle of 
about 40° with the horizontal. The 
horizontal barrel is preferred for 
most tumbling work and is 
erally used for thermoplastic 

Doors are provided for loadi 
or unloading and are equip} 
with quick-locking devices. Fix 
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or variable speed drives are used, 
the latter being employed where 
it is desirable to start the barrels 
slowly and increase the speed 
after the load is tumbling. This 
technique is used mostly for larger 
work pieces. 

Barrels are usually made of 
steel outer shells lined with vari- 
ous other materials. For thermo- 
plastics, hard rock maple and 
Neoprene are generally preferred. 
Maple liners are used for burnish- 
ing operations since the walls are 
resilient and peening of the soft 
thermoplastic surfaces is avoided. 
They are not as good for debur- 
ring, since the maple lining wears 
out rapidly when abrasive cutting 
compounds are used. Neoprene 
linings are preferred not only be- 
cause of superior wear-resistance 
but also chemical resistance to 
tumbling compounds. 

Media: The use of media serves 
several purposes. First, it keeps 
the work pieces apart and pro- 
vides a cushion to prevent dam- 
age as the parts tumble over each 
other. In addition, the media 
modify the tumbling characteris- 
tics of the total mass by virtue of 
their own properties. 

Two general types of media are 
used for tumbling thermoplastics: 
1) irregularly shaped and sized, 
and crushed; 2) regular particles 
of uniform size and shape. Both 
types are available in many sizes 
to suit particular needs. They can 
be made of wood, felt, nut shells, 
or metal. Some of the media used 
are listed in Table I, p. 800. 





TABLE II: Tumbling compounds used for thermoplastics 





Compound 


A Graded hardwood sawdust impregnated 


Composition 


Use 


Cutting & deburring 


with oils and coarse abrasives 


B Graded hardwood sawdust impregnated 
with oils and medium abrasives 


Graded hardwood sawdust impregnated 
with oils and fine abrasives 


Graded hardwood sawdust impregnated 
with oils and polishing powders 


Cream base with extra fine abrasives 


and polishing powders 


Cream base with polishing powders 


Cutting, deburring, 
& hi 


Smoothing 


Smoothing, polishing, 
& lustering 


Smoothing, very light 
cutting, & polishing 


Lustering 





The selection of the proper size 
of media is especially important 
when parts have inside holes to 
be finished. Sometimes a mix of 
two types of media may be neces- 
sary. Size is also important in the 
separation of the media from the 
work pieces after the tumbling 
process is completed. If the work 
pieces and media are roughly the 
same size it will be difficult to 
separate them by a simple screen- 
ing operation. If steel media are 
used, a magnet can be employed. 

Since the medium is also tum- 
bled, it, too, will be subjected to 
“finishing” by the work pieces. 
Because of this action, media have 
varying service lives, depending 
on the material from which they 
are made. Thus, media should be 
checked from time to time to de- 


termine whether a new batch is 
needed to maintain the proper 
finishing conditions. If media suf- 
fer attrition in size, they should 
be saved, because they may still 
be usable when smaller sizes are 
needed. 

Various polishing compounds 
are used in addition to the media, 
depending on the surface finishes 
desired. In general, these consist 
of an abrasive or polishing ma- 
terial, in or on a carrier. For 
thermoplastics, graded hardwood 
sawdust with oils and abrasives, 
and creams with suspended abra- 
sives are used. Several of these 
compounds are described in Table 
II, above, together with their var- 
ious uses. 

Work loads: Generally, the 
tumbling barrel will operate most 





TABLE Ill: Guide to tumbling some thermoplastics 





Plastic Approx. 
to be size of 
finished 


Finish 
J desired 


Typical 
media 
used® 


parts to 
media 





Approx. ratio 


Typical 
tumbling 
compound’ 


Tumbling 
cycle, 
2 cu. ft. 


hr. 


Lucité Rough* A,B,C,E 
Smooth A,B,E 
Polish A.B 


Rough AB,CE 
Smooth A.B,E 
Polish AB 


Rough AB,C.E 
Smooth A,B,E 
Polish AB 


AB 4 to 24 
DE 8 to 60 
F 4to8 


AB 8 to 48 
DE 16 to 48 
F 8 to 16 


A,B,C 8 to 48 
DE 16 to 48 
F 8 to 24 


Dwmnn wNNne HR 


e I for identification. 
> II for identification. . 
eans cutting operation such as deflashing, cleaning holes, etc. 
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satisfactorily when the mixed load 
occupies about 60% of the barrel’s 
volume. Occasionally, when larger 
pieces are to be tumbled, it may 
be necessary to increase the load 
to about 85% of capacity. But un- 
less absolutely necessary such 
heavy loading should be avoided, 


By R. M. LELIAERT* 


Deflashing by airless blast con- 
sists of bombarding molded parts 
with millions of nonabrading tiny 
pellets which break off the flash 
by impact. The equipment re- 
quired for airless blast’ deflashing 
consists of four principal compo- 
nents: a rapidly rotating wheel 
for hurling the pellets (see Fig. 
1, below); a work conveyor for 
efficiently moving or gently tum- 
bling the parts through the blast 
area; a pellet recycling system; 
and a dust collector. 

If the flash thickness is kept 
under certain limits (about 0.008 
in.) by proper mold design and 
maintenance, parts of highly com- 
plex design can be deflashed 
rapidly in this type of equipment. 

Best results in airless blast de- 
flashing have been obtained with 
plastics pellets and agricultural 
products such as crushed nut 
shells or fruit pits. They have 
enough mass to be propelled with 


*Application Research Engineer, Wheelabrator 
Corp., Mishawaka, Ind 


FIG. 1: Airless blast wheel 
for deflashing plastics parts. 
Pellets from hopper are 
hurled from ends of blades 










AIRLESS BLAST PROCESS 


since it will generally slow down 
the finishing action, will require 
longer tumbling times, and will 
lower the production output. 
Both the shape and the finish 
of the pieces will govern the for- 
mulation of the load. Generally, 
for most satisfactory results, the 


combination of medium, com- 
pound, and speed should be de- 
termined by experimentally proc- 
essing a sample of the new job. 
Based on the experimental results 
of such trials, Table III, p. 801, 
can be used as a guide in select- 
ing systems and conditions. 





sufficient energy to break off the 
flash or burr but are not so mas- 
sive or sharp as to break, nick, or 
scratch the molded parts. Parts 
with metal inserts can be de- 
flashed without damage to plated 
or other highly finished surfaces 
on the inserts. 


Batch-type equipment 

Most of the airless blast equip- 
ment now in use for plastics de- 
flashing is of the batch load type. 
In this sort of equipment (Fig. 2), 
an endless rubber belt tumbles 
the work in the blast pattern. 
Such equipment is especially use- 
ful in deflashing large volumes of 
small parts and is applicable to 
parts of virtually any size that 
are not too thin or fragile to with- 
stand the gentle tumbling action. 


Fragile pieces 


For thin, fragile, or large parts 
that cannot be tumbled, table- 
type equipment (Fig. 3) is avail- 
able for airless blast deflashing. 
Parts in this category include 
radio cabinets, terminal blocks, 
cases for cameras, etc. If the 
part to be deflashed must be 
blasted on both sides, the part can 
be run through the blast, turned 
over, and run through again. 

If test runs of certain parts in- 
dicate that chipping or breakage 
may be a problem, adjustments 
can be made: 1) slowing the 
drive on the batch-type work 
conveyor to provide a more gentle 
tumbling action; 2) reducing the 
size of the load; 3) adding short 
lengths of rubber hose to the load; 
or 4) reducing the speed of the 
throwing wheel to lessen the im- 
pact of the pellets. The latter 
would hold true for both batch or 
table-type deflashers. 

Although the mechanical nature 
of the process makes possible the 
high speeds of production needed 
for volume deflashing of many 





plastic parts, this method is obvi- 
ously inapplicable when any sec- 
tion of the part is thinner than the 
flash to be removed. 

As a general rule of thumb, 
flash thickness should be no more 
than 0.006 or 0.008 inch. Good 
mold design and proper mold 
maintenance can certainly limit 
the flash to this thickness. Al- 
though flash can be removed up 
to a thickness of 0.010 to 0.012 in., 
this usually results in a rough 
parting line. 


Mold design 


The importance of mold design 
to deflashing operations cannot be 
over-emphasized. Many difficul- 
ties encountered in attempting to 
reduce finishing costs can be elim- 
inated at least cost by simple 
changes in mold design. 

For example, sharp corners are 
susceptible to chipping. If the 
corner can be rounded, this source 
of potential trouble is eliminated. 
In certain instances, chipping is a 
problem only if it occurs on an 
exposed surface. Perhaps some- 
thing as simple as changing the 
direction or location of the part- 
ing line will hide any chipping 
that does occur without reducing 
the utility of the part. 

Another special problem that 
has been overcome is the tendency 
of flash to adhere to the metal 
surfaces of inserts. If the exposed 
portion of the insert is dipped into 
a solution containing wax or col- 
loidal graphite before it is placed 
in the mold, adhesion of the plas- 
tics to the metal will be reduced, 
as will also the blast time re- 
quired. 


Operating costs 


Operating costs of this type 
equipment are very low. It 
difficult to predict an avera 
total operating cost because of th 
variables present in any deflas! 
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KENSOL'?222"" 
...the Best Solution to your 
Marking and Decorating Problems 





LIGHT-WEIGHT 
(Kensol 15T shown at right) 


A ruggedly built, small hand-operated or 
power machine with a 2 x 4 inch impres- 
h . sion area, and a 2 inch head stroke. The 
economically priced Kensoi 15T air- 
FIG. 2: Batch-load tumble operated press is equipped with a thermo- 


static heat control, adjustable electric 
type airless blast deflasher dwell-timer, Norgren air controlling unit, 
Work pieces are tumbled etc. for high speed, fine quality marking, 


f utilizing unskilled help. 
while being subjected to im- 
pact of flying pellets hurled 
from blades of wheels at top 


ing job; however, in most cases 
the hourly cost is less than 50¢ 
per hour. With the usual operat- 
ing cycle for a batch-type ma- 
chine for loading, deflashing, and 
unloading varying from three to 
12 min. per load, the average cost 
per load will amount to only a 
few cents. 

Labor costs are also low because 
of the simplicity of the operation 
as well as its high production ca- 
pacity. In one case, a machine 
costing approximately $7000 ef- 
fected savings of as much as 
$100,000 in direct labor costs in 
the first year’s operation. In an- 
other company, direct labor costs 
were reduced $110 a day in de- MEDIUM-WEIGHT 
flashing molded electrical insulat- The Pope in omy tiemend nine 
ing parts. in use today. Known for its accuracy 
and depen: ability. Hand or air-oper- 
ated, rugged cast iron ‘‘C’’ frame con- 
struction, with a 6 x 8 inch or 5 x 12 
inch impression area, and a 3 inch 
FIG. 3: Table type deflashing head stroke. Now available with either 


the new side to side, or the standard 
machine. Individual tables, front to back roll leaf attachment. 


On rotating wheel, turn to ex- 


pees elf sides HEAVY-DUTY 
ides to the blast (Kensol 110 shown at right) 

The heavy duty series consists of three 
models: Kensol 50 for flat work, Kensol 60 
for items up to 6 inches high, and the Kensol 
110 (shown) for items up to 24 inches high 
Equipped with one or two main air cylinders 
(for added power), these presses are avail- 
able with 6 x 9, 9 x 12, 10 x 15 inch and 
special larger impression areas. 


WRITE FOR COMPLETE LITERATURE 


Complete literature on these and other Kensol 
models will be sent on request. Brochure also shows 
automatic feeding devices. 


on ciiineiia times” iain KENSOL-OLSENMARK iwc. 


Fine, uniform quality, economically priced Roll Leaf 124-132 White Street, New York 13, N. Y. 
available in metallics and all popular colors. Included 


are the latest Enamel colors and Metallized foils, Specialists in Quality Marking Equip- 
Send for our Price and Performance Chart. ment and supplies for over 30 years 
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Vacuum metailizing 


By MORTON B. GILBERT* and A. D. GARWOODt 


of metal—usually 
aluminum—onto prepared work 
surfaces under conditions of high 
vacuum is achieved by the vac- 
uum metallizing process. This 
process provides a low-cost means 
of finishing plastics parts with 
lustrous metallic surfaces, thereby 
permitting practical substitution 
of such parts for fabricated metal 
components. The process also af- 
fords a means of deriving a wide 
variety of simulated finishes such 
as gold, silver, brass, etc. Luster, 
texture, and other appearanc 
factors can be produced in vir- 
tually endless combinations. 
Historically, vacuum coating 
was first employed as a laboratory 
method for producing first-sur- 
face reflectors of aluminum and 
silver on glass. The development 
of vacuum-deposited magnesium 
fluoride onto glass surfaces 
quickly moved the process to a 
commercial level at the beginning 
of World War II to meet demands 


for optical components in peri- 
scopes, binoculars, range finders, 


and related instruments. The 
technique has since been success- 
fully used for decorative coatings 
on acrylics, ABS, polystyrene, ny- 
lon, polyolefins, polycarbonate, 
phenolics, cellulose acetate, and 
cellulose acetate butyrate, as well 
as on metal castings and stamp- 
ings. 

Today there are close to 500 
vacuum metallizing production fa- 
cilities in active operation, turn- 
ing out a yearly output of 1% 
billion parts at a finishing cost of 
close to 40 million dollars. 

Although finishes having a me- 
tallic appearance, as well as me- 
tallic properties, can be achieved 
by means of paints containing 
metal powders, many applications 
exist where pure metal surfaces 
are desirable. Such finishes are 
commonly employed as decorative 
coatings to simulate polished or 
buffed solid metals, or as func- 
tional coatings to reflect light or 
conduct electricity. 

* Product Specialist and }Manager, Vacuum 


Metallurgical Div., F. J. Stokes Corp., 5500 
Tabor Rd., Philadelphia 20, Pa. 
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In the plastics field, the 
achievement of pure metal sur- 
faces by direct electrolytic tech- 
niques is precluded by the non- 
conductivity of the parts. When 
desired, pure metal deposits are 
best applied by the reduction of 
metallic salts in solution or by 
vacuum metallizing. The chemi- 
cal-reduction approach, although 
useful for certain special coating 
problems, does not compare with 
vacuum metallizing in economy, 
appearance, and durability. Vac- 
uum metallizing, unlike chemical 
reduction, can be applied to se- 
lected portions of the work by the 
use of appropriate masking, and 
will provide a surface with higher 
brightness and luster. The process 
also has further advantages in the 
elimination of the need for close 
process controls and the absence 
of noxious chemicals such as 
those used in the chemical-reduc- 
tion technique. 


Basic process 


Vacuum metallizing is carried 
out in a series of simple steps, 
usualiy beginning with the appli- 
cation of a base coating of lacquer 
to the parts. This base coat pro- 
vides a smooth high-gloss surface 
to receive the metallic deposit and 
also smooths out small mold de- 
fects and other slight imperfec- 
tions. The lacquer coating also 
contributes to better adhesion of 
the metallic finish and makes pos- 
sible higher production rates with 
certain plastics which yield ap- 
preciable amounts of gas when 
placed within a vacuum chamber. 

The pieces are first racked on 
fixtures, after which the base 
coating is applied, then cured. 
The fixtures are transferred to a 
carriage. This carriage is placed 
in the vacuum chamber where a 
vacuum of about 0.5 microns, or 
less than one millionth normal at- 
mospheric pressure, is created. 

In addition to the work, each 
carriage also has a pair of elec- 
trical bus bars running axially 
along its length. At suitable in- 
tervals along these bus bars, 


tungsten wires, or filaments, are 
strung between terminals. Clips or 
staples of pure aluminum are 
placed on these filaments and 
serve as the metal sources for 
coating the work. 

After the proper conditions of 
high vacuum have been achieved, 
power is applied to the bus bars, 
heating the filaments to the point 
where the aluminum clips or sta- 
ples melt and wet the tungsten 
wire by capillary attraction. A 
further increase in the applied 
power raises the temperature of 
the tungsten filaments, causing 
the aluminum to evaporate from 
the filaments and condense on the 
cooler surfaces of the work. 

Since the “flight” of the metal is 
a line-of-sight phenomenon, the 
parts being metallized must be ro- 
tated as the aluminum evaporates 
so that all surfaces are “seen” by 
the metal source and voids or 
shadows are eliminated. The de- 
posited aluminum has a brilliant 
white luster even though the coat- 
ing is only some 3-millionths of 
an inch thick. 

Additional steps must be taken 
to protect this thin film. Accord- 
ingly, the work is removed from 
the vacuum chamber and given an 
application of top lacquer or 
enamel and then cured. 

Broadly speaking, small plastic 
parts may be coated by this tech- 
nique in modern equipment for 
as little as 0.3¢/sq. in., includ- 
ing equipment-amortization, la- 
bor, and all materials. 


Process limitations 


There are several limitations to 
the vacuum metallizing process 
which should be considered: 

1) Plasticizers in some base ma- 
terials will yield relatively high 
amounts of volatiles under vac- 
uum. The excessive release of gas 
not only inhibits the deposition of 
high-quality coatings but also 
causes an unduly long production 
cycle due to the extra load im- 
posed upon the vacuum pumps. 

2) The metallic film, being very 
thin, will have practically no 
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abrasion-resistance, so that it 
must be protected against even 
ordinary handling by a top coat 
of lacquer or enamel. It is not 
economically possible to apply 
touch-up operations on parts with 
minor flaws or defects in the coat- 
ing. In the same sense, the thin 
metallic film has no ability to fill 
in defects in the surface of the 
base material; smoothness and 
brilliance of the metallic coating 
therefore depend upon a good base 
lacquer coat. 

3) Parts with deep recesses 
must be carefully handled due to 
the line-of-sight phenomenon. 
Moreover, although metal evapo- 
ration will provide a coating of 
uniform thickness, care must be 
taken to apply the lacquer coat- 
ing evenly to large flat surfaces 
in order to obtain an acceptable 
appearance. 


Applications 

Decorative metallizing is usu- 
ally classified as either first- or 
second-surface coating. The dif- 
ference between the two is best 
described by considering typical 
automotive parts such as instru- 
ment panels and emblems. 

On these parts, the metallic sur- 
face is often applied to the back 
of transparent plastics so that the 
metallized area will be observed 
through the transparent material. 
By the application of colored lac- 
quer base coats, numerals, letter- 
ing, and similar design-areas thus 
appear to be formed of solid me- 
tallic inserts. The plastic material 
itself serves to protect the metal- 
lized surface from undue wear or 
abrasion. This is second-surface 
coating. By contrast, first-surface 
metallizing applies the metal di- 
rectly to the side which will be 
exposed. If a simulated gold, cop- 
per, or other finish is desired, 
color is introduced to the top coat 
by pigmenting or dyeing. 

Although second-surface metal- 
lizing was extensively used at first 
to overcome certain fundamental 
reservations about the feasibility 
of this process, recent develop- 
ments and the availability of new 
lacquers for protective top coat- 
ings now permit first-surface ap- 
Plications with greatly improved 
durability and abrasion resistance. 

Lacquering techniques for pro- 
tecting first-surface applications 


VACUUM METALLIZING 


PARTS FOR METALLIZING are racked on rotary reels and mounted in 
c planetary carriage which is then rolled into the chamber of a 72-in. 
dia. unit. The two electrical bus-bars running axially through the center 
of the chamber carry the filaments shown in photo, p. 806 


are now available, for example, 
which have withstood 65,000 
passes of coarse cotton duck cloth 
under a load of 10 p.s.i. without 
any indication of failure. 

Components such as radio and 
television set dials, home appli- 
ance parts, and automobile em- 
blems, employing clear material, 
such as acrylic, may require a 
combination of both vacuum met- 
allizing and paint in order to pro- 
vide the desired multi-colored ef- 
fect. In these applications, the 
vacuum metallizing step is inte- 
grated into the over-all produc- 
tion sequence of a given part 
through selective application of 
materials by means of masked 
spray-painting techniques and 
strippable coatings which are ap- 
plied in sequential fashion. By 
combining these steps, the ability 
to produce complex or multi-col- 
ored surfaces is virtually un- 
limited. 


Problems and solutions 


Almost all plastics can be suc- 
cessfully vacuum-coated. Phenol- 
ics, polyesters, polycarbonates, 
and members of the acrylonitrile- 
butadiene-styrene family are 
easily handled without special 
processing techniques. However, 


acetates and butyrates contain a 
relatively high amount of volatile 
plasticizers, making increased care 
necessary to avoid blistering of 
the organic coatings and long 
cycle times. The careful applica- 
tion and curing of a good base 
coat of lacquer will provide a 
satisfactory sealant to contain or 
minimize the escape of the plas- 
ticizer from within the finished 
part. 

Polyethylene and polypropyl- 
ene, when surface-etched, are 
satisfactory materials for vacuum 
metallizing, although the base and 
top coating materials must be 
carefully selected to achieve sat- 
isfactory adhesion. 

Nylon and related materials 
usually contain moisture, which 
must be removed by baking the 
parts before lacquering and met- 
allizing. Improper drying may re- 
sult in blistering and peeling of 
the applied surface. 

Acrylics are extensively used 
for a wide variety of second-sur- 
face applications. Typical parts 
include many automotive compo- 
nents such as emblems, dashboard 
panels, and headlight and taillight 
bezels. The acrylics are generally 
ideal for vacuum metallizing, with 
little outgassing and with good 





adhesion easily achieved. And as 
such they are adaptable to a wide 
variety of decorative effects. 

Polystyrene, like the acrylics, 
presents no special problems in 
processing. 


Metallizing film 


Such films as Mylar, vinyl, and 
polyethylene may be metallized 
on a continuous or semi-continu- 
ous basis and find uses in auto- 
motive fabrics, draperies, and 
similar products. Vacuum-metal- 
lized Mylar film was used in sev- 
eral of the large space balloons 
placed into orbit in 1960 and 1961. 

The electrical industry success- 
fully uses zinc and aluminum de- 
posits on both Mylar and paper 
in the production of high quality 
capacitors. Glassine papers are 
being commercially metallized for 
the food-packaging market, while 
more conventional papers thus 
coated are also becoming avail- 
able for use in books, magazines, 
and related fields. 


Vacuum metallizing equipment 

A vacuum metallizing facility 
may be logically divided into sev- 
eral sections: the base and top 
coat lacquering equipment, the 
vacuum metallizer, and the bak- 
ing or curing ovens. 

The vacuum metallizer is the 
heart of the system. Commercial 
chamber diameters range from 2 
to 6 ft. The majority of the work 
is being performed in coaters be- 
tween 4 and 6 ft. in diameter. 

Most chambers are about 5 ft. 
deep and will accept up to ten 16- 
in. diameter reels or six 22-in. di- 
ameter reels. Depending upon the 
exact requirements, the reels are 
mounted on either a stationary or 
a planetary carriage for proper 
































presentation of the surfaces of the 
work to the material being evap- 
orated. 

The vacuum pumping system 
consists of two stages: the first, 
utilizing mechanical vacuum 
pumps, is designed for initial 
evacuation or roughing; the sec- 
ond stage, employing one or more 
oil-diffusion pumps, is cut in at 
an intermediate pressure where 
the mechanical pumps begin to 
approach their limiting efficiency, 
and will carry out the chamber 
evacuation down to the normal 
metallizing pressures at which 
firing takes place. 

Successful second-surface work 
can be accomplished at a pres- 
sure of 1 micron but good first- 
surface work requires 4% micron. 
In selected cases, initial evacua- 
tion is taken to the 40 micron 
level in order to compensate for 
characteristics of the pumping 
system v.hich allow a pressure 
rise to the % micron level at the 
time of firing. 

Various manufacturers offer 
equipment with fully automatic 
controls and valves so that opera- 
tor skill and training is not a big 
problem. 

The metal-evaporation sources 
are arranged along the center- 
line of the tank and have up to 24 
individual stranded filaments to 
assure proper coverage. These 
strands are made from three or 
more pieces of tungsten wire, 
twisted together and arranged to 
form either a zig-zag or a coiled 
pattern. Experience has shown 
that the tungsten filaments should 
routinely be replaced after every 
10 to 12 firings. 

During the initial heating of the 
aluminum, the filaments are usu- 
ally raised to approximately 1200° 




















CLOSE-UP of the stranded 
tungsten filament as it 
is loaded with the small 
clips or staples of alumi- 
num which provide the 





metal source for vacuum 
metallizing of plastics 



















F. and then flashed by applying 
sufficient power to approximately 
triple the temperature. Good 
coverage will be accomplished by 
a single 5 to 7 sec. exposure. 


Keep it clean 


Quite frequently, one of the 
most important aspects of quality 
and economical metallizing is to 
be found in the area most often 
neglected by careless operators: 
good housekeeping. Since the en- 
tire success of any vacuum op- 
eration depends upon the absence 
of gas within the chamber, inte- 
rior cleanliness must be main- 
tained in order to avoid long 
pump-down cycles and discolored 
work. A system of routine good 
housekeeping is necessary and 
should be established on a regu- 
lar basis. 

In some cases, it has been pos- 
sible to reduce cycle times by 
more than 30% simply by clean- 
ing the various reels and work- 
holding carriages. Under normal 
practice, the chamber, carriages, 
filament assemblies, and rotary 
reels should be cleaned every 80 
to 120 hours of operation. Thus, 
on the basis of an 8-hour day, 
cleaning should be scheduled 
every other week. When equip- 
ment is operated on a two- or 
three-shift basis, cleaning should 
be scheduled once a week. 

Cleaning is accomplished with 
a 20% caustic solution followed by 
a water rinse and drying. Heavy 
metal deposits can be removed 
with a power-driven wire brush. 
Chamber interiors may be kept 
clean by the use of easily re- 
movable metal or strippable lac- 
quer liners. 


Lacquer coats 


The base and top coat lacquers 
may be applied by several meth- 
ods: spraying, dipping, or flow 
coating. Depending upon the pro- 
duction requirements and the 
shape of the parts themselves, any 
degree of desired automation may 
be employed. 

The final color of a first-surface 
plated object is obtained either 
by dip-dyeing the colorless to; 
lacquer, or by using a top coatin 
of suitably pigmented lacquer. 

Curing of the lacquer base an 
top coats will require the use 
either indirect-fired gas ovens ‘ 
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\ REMARKABLE ADDITION 
10 THE MOST 

COMPLETE LINE OF FOILS 
FOR STAMPING ON PLASTICS 





workability. 
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A remarkable imitation gold leaf with the brilliance 
of genuine gold. LUSTROFOIL is non-tarnishing and 
non-fading. In addition LUSTROFOIL provides abso- 
lute color stability, finer definition and maximum 














LUSTROGOLD 
on a mylar carrier 


The new genuine gold 
leaf with metallic bril- 
liance and classic gold 
color that surpass con- 
ventional gold leafs. Its 
special protective film 
guards against abrasion. 


LUSTRALUM 


An aluminum foil of un- 
matched brilliance and 
extremely fine definition 
with superior workability 
and coverage. 








BRONZE & 
ALUMINUM 


Where economy is the 
prime consideration, Gen- 
eral offers bronze and 
aluminum foils of highest 
quality. 


FREE SAMPLES & 





PIGMENTS 


General offers the most 
complete line of pigment 
colors for use on every 
surface. 


— ILLUSTRATED 


LITERATURE AVAILABLE ON 
REQUEST 


IMMEDIATE DELIVERY and service from 
warehouses in principal cities coast-to-coast. 


ES RERAW ROU TEARS 


nd ’ Imitation oe and A Pigment and Metallic Colors 
venta Probst, L L., N.Y., HAvemeyer 9-6123 


Los ANGELES, 





VACUUM 
METALLIZERS! 


This LABEL takes 
the Guesswork 
Out of Metallizing 


—the World Over! 


We offer a complete line of specialized vacuum 
coatings and Dy-Dips for the Metallizing of all 
surfaces. Our modern, completely-equipped lab- 
oratory facilities are available for the preparation 
of metalized samples to meet your specifications. 
Our consultation services, covering engineering, 
trouble-shooting and plant layout, are yours on 
request. 


Vernon Specialties, Inc. 
No. Tarrytown, New York 
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HOT STAMP 


for BETTER MARKS and 
PREP pe) see) -F-wale). b5 


IN ANY 
STANDARD 
COLOR 


AIR 


POWERED 


ELECTRIC 
HEATING HEAD 


"ACROLEAF PRESSES 


Perfectly functioning precision machines engineered and 
developed over a 24 year period by recognized “inventor- 


engineers” 


color, are 


with faith in the superiority of hot stamping in 
offered by Acromark. 


Rich markings, that are a part of the marked product, 
make the *ACROLEAF method a necessity for plastic 
product manufacturers who work to a high standard of 
quality. Send a sample to be marked the ACROLEAF way. 


*U.S. Pat. 
Copyright 


or 


WRITE FOR CATALOG NO. 54-HS 
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DUAL 
ELECTRIC 
SAFETY 
CONTROLS 


SEVERAL SIZES 


OTHER MODELS— 


*HERCULES Hot 
Stamping 
mark small 


MODEL 2AH Semi- 
Automatic Hot 
Stamping Press. 
Motor Driven. Dial 
Feed. Automatic 
Dwell. For high 
production. 


MODEL 9AH Hot 
Stamping Machine 
for PERIPHERAL 


THE ACROMARK COMPANY 


MORRELL S!? \BETH, NEW JERSEY 
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electric ovens. Base coatings 
can be cured in infra-red ovens, 
but top lacquers are difficult to 
cure in such ovens because of the 
reflectiveness of the bright alumi- 
num coating which has been de. 
posited. The generally accepted 
practice is to employ forced-cir- 
culation ovens capable of opera- 
tion over a fairly wide range of 
temperatures, thereby affording 
maximum flexibility and adapta- 
bility to various plastics. 

Temperature must be closely 
controlled to obtain uniform and 
complete curing—particularly of 
the base coat—while avoiding 
overheating of the plastic part. 
Sufficient exhausting must be 
used to remove a build-up of va- 
porized solvents which both re- 
tard the effective baking cycle 
and present a personnel hazard. 
The exact baking cycle can best 
be recommended by the supplier 
of the lacquer selected. In cases 
where extreme durability of the 
top coat is secondary, air-dry lac- 
quers can be employed, obviating 
the need for any oven-curing of 
the top coat. 


Other applications 


Although by far the greatest 
amount of vacuum metallizing to- 
day is being done in the decora- 
tive field, several other more 
functional applications are achiev- 
ing commercial status or have 
been used in the past. 

Aircraft cockpit canopies have 
been successfully coated with thin 
transparent coatings of gold in or- 
der to supply an electrically con- 
ductive coating for canopy heat- 
ing to avoid frosting. Thin layers 
of vacuum-deposited gold are 
also used to reflect infra-red en- 
ergy. 

Optical interference coatings 
are being applied to a wide va- 
riety of plastics with carefully 
selected sequential coating mate- 
rial to achieve the desired end 
properties. 

In the electronics industry, 
rapid strides have recently been 
made in micro-miniaturization by 
depositing multiple layers of 
evaporated material onto plastic 
substrates to achieve complex 
electrical circuits. In this field, it 
is not uncommon to see mu'tiple- 
deposition components built up of 
from 20 to 30 layers of various 
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metallics, semi-metallics, and in- 
sulating materials. Due to the 
complexity and sensitivity of such 
end products, these operations are 
almost exclusively carried out 
under highly controlled labora- 
tory conditions. 


Designing for metallizing 


The obvious advantages of high 
productivity and low cost offered 
by vacuum metallizing make it 
increasingly important for de- 
signers to understand and take 
into account at the initial design 
stage the capabilities of this proc- 
ess. Too often, the basic aspects of 
metallizing are not considered un- 
til too late, with the result that 
parts are produced which are 
either impossible or extremely 
difficult to metallize successfully. 
In such cases, alternate finishing 
methods must be selected which 
usually result in appreciable in- 
creases in unit costs. 

In cases where the metallizing 


DECORATING THERMOSETS 


Thermosetting materials have 
long since proved their practical 
value in a wide range of consumer 
and industrial products. In many 
areas, however (e.g., melamine 
tableware), there has been a con- 
sistent demand for techniques that 
would simplify the job of deco- 
rating the thermosets. Much work 
has been done in this area in re- 
cent years—with much success. 

Here is an account of the strides 
that have been made in solving 
the problem of decorating molded 
melamine tableware. 


Decorating tableware 

At first, literally everything 
from decaleomania to hand paint- 
ing was tried for decorative pur- 
poses, Various textiles and papers 
were experimented with as over- 
lays. Nothing worked well until 
1953, when a Swiss gentleman, 
Gustav Hessel, came up with sev- 
eral kinds of “foils” printed with 
compatible melamine inks which 
could be molded into plates and 
sauce First he tried it with 
printed textiles, but these were 
expensive and difficult to handle; 
then came alpha-cellulose papers, 
and finally an all-rayon paper. 

It 1y 1954, while American 
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process is selected as the finish for 
a particular plastic part for purely 
esthetic considerations or for lim- 
ited functional purposes, minor 
changes can often be made to en- 
hance greatly the opportunities 
for more economical application 
of the technique. For example, 
deep recesses and sharp external 
corners should be minimized. 
Provision of points of attachment 
or jigging spots should be con- 
sidered to avoid complex, time- 
consuming manual operations and 
elaborate fixtures for mounting 
the parts on the racks prior to 
lacquering and metallizing. A 
wide variety of standard spring 
clips, brackets, and similar simple 
devices are commercially avail- 
able and should be taken into ac- 
count when establishing the final 
part configuration. 

Where the mechanical proper- 
ties of the part do not demand 
them, gassy materials should be 
avoided in order to simplify the 


base coating operations and avoid 
extended pump-down cycles. 

Major suppliers of vacuum met- 
allizing equipment maintain staffs 
of well-trained, experienced ap- 
plication engineers who are 
available for consultation. Small 
pilot-scale equipment, including 
metallizers, flow coating or spray- 
ing systems, and baking ovens are 
usually maintained by suppliers in 
their own laboratories so that 
small evaluation runs, or sample 
lots, can be processed to deter- 
mine accurately equipment ca- 
pacity, cycle times, and final 
appearance. A brief time spent in 
the evaluation of various firing 
techniques, the selection of lac- 
quers, and the establishment of 
proper baking operations will al- 
ways result in the selection of 
production equipment which is 
best suited to achieve optimum 
economy, efficient production, and 
acceptance of the finished deco- 
rated product. 





Cyanamid’s Bound Brook labora- 
tory was working on the develop- 
ment of techniques suitable for 
mass production of decorated 
melamine dinnerware by the foil 
method, the company’s Stamford 
lab came through with a special 
catalyst which greatly advanced 
the proposition. Rayon paper foils 
were first used at Bound Brook. 

Mr. Hessel was one of the 
founders of the firm, Ornapress 
A.G., Zurich, Switzerland, pio- 
neers of the process, which now 
has a number of licensees 
throughout the world. 

There was then established a 


FULLY DECORATED mel- 
amine dinnerware, _ in- 
cluding cups and bowls, 
is now commercially 
available. The cups and 
bowls are among the first 
deep-draw items to be 
decorated by the molded- 
in foil technique (Photo, 
Plastics Mfg. Co.) 


basis for cooperation between Or- 
napress and Fairhaven Properties 
Corp. of New York, which intro- 
duced the decorating process to 
the United States and which holds 
the Fairey Aviation patents, cov- 
ering a process of handling 
printed and impregnated foil in 
the actual molding of tableware 
and other decorative items in both 
melamine and urea, Due to this 
cooperation, several printing or- 
ganizations were licensed to pro- 
duce the foils for the molders. 

In the molding process, the foil 
literally disappeared, leaving the 
design in multi-color brilliance. 





Within months after its introduc. 
tion to the U.S., there were a score 
of beautiful patterns available, 
and hotels and restaurants had 
their crests molded into services, 

Between 1955 and 1960, thanks 
to the so-called flat “foils,” sales 
of decorated melamine tableware 
increased to the point where in 
1960 over 75% of the tableware 
sold was so decorated. But there 
was still a stymie. Yet another 
breakthrough was required. The 
“foils” were moldable only on flat 
or gently-curved surfaces. Orna- 
press research and development 
was directed during this period 
toward the production of deep- 
draw “foils” which could be 
molded into cups, vases, and 
pitchers. In 1957, Chicago Molded 
Products Corp., with “foils” pro- 
duced by Commercial Decal Inc., 
successfully molded the Schlitz- 
tap, a beer tap handle for the Jo- 
seph Schlitz Brewing Co., making 


this the first application of the 
Butyrate by “foil” decorative technique to a 
compound-curved surface and the 
first production use of the “foils” 


the m \ i | ion outside of the dinnerware field. In 


the same year, Plastic Mfg. Co., 
Dallas, Texas, molded tableware 


easy with with two different colors inside 
aaa 


ei and outside by a process still a 
Here’s the millionth butyrate 


flashbulb reflector metallized secret. In 1958, Kaumagraph Co. 
by Luster-Coate Metallizing CVC coaters developed the first brilliant non- 
Corp. in a single CVC 48” offsetting gold which compared 
coater. favorably with a ceramic over- 
glaze. 

Butyrate is no problem for Luster-Coate Metallizing The tnduateist cinta 

Corp., Rochester, N. Y. In one of their 48” CVC coaters Why the emphasis on research 
they put flawless metallic finishes on butyrate reflectors into decorative “foils” which 
at a rate up to 1100 pieces per cycle, three cycles per hour. would mold into compound- 
curved shapes? Simply because, 
On simpler plastics and metal—for appliance, automo- first, tableware molders and the 


tive and electronic parts—they get up to five cycles an chinaware people coming into the 
melamine market wanted to deco- 
hour. rate complex shapes and, second, 


Cost is low—far less than a dime’s worth of metal per a considerable market wes 

. . y visioned in three-dimensional 
cycle. Quality? High enough so that Luster-Coate is ex- decorated molding of knobs, dials, 
panding to handle the rush of new and repeat business. escutcheons, and signs. Beyond all 


. : this, research was being conducted 
Find out how easily a CVC coater can solve your metal- on the mame fo ee 


lizing problems. There’s a complete line, from laboratory mine-surfaced filled phenolic wall 
size to 72”. Just write for Coater Bulletin 2-2. tile which would have molded-in 
multi-color decoration and be 
able to compete satisfactorily with 
the finest hand-made ceramic tile. 
MV) In the case of the knobs, dials, 


title, 
s 


Consolidated Vacuum Corporation : 


2 and handles for appliances, urea 


material (5 million Ib. annually) 
EN RS He A a has historically been molded and 


» 
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then decorated by hand wipe-on 
or roll leaf methods. The “foils” 
could be adapted to urea as well 
as to melamine if they could be 
made to take deep-draw. Indeed, 
some closure molders envisioned 


phenolic closure bases with deco- 
rated melamine surfaces. In the 
case of the wall tile, there is a 
known market of over 400 million 
sq. ft. per year for bathrooms only 
and, if melamine-surfaced tile 
would be accepted, it could count 
on at least 10% of that market or 
40 million sq. ft. very shortly. 

The final breakthrough came in 
March 1960, when Ornapress suc- 
cessfully molded deep-draw ash 
trays, pitchers, cups, beer mugs, 
knobs, dials, and a host of other 
products with a new form of 
drawable “foil.” They then went 
ever further. They reproduced, in 
“foils,” full-color photographs 
which could be molded into sou- 
venir items, and they discovered a 
low-cost method of reproducing 
black and white photographs 
which could similarly be molded 
into enduring plaques. 

There is a considerable differ- 
ence between present American 
and European methods of produc- 
ing the rayon paper foils. First, in 
the U.S., ordinary methods of 
resin impregnation, such as by 
roll, are used; in Europe, impreg- 
nation is by vacuum _ process 
which, it is claimed, puts more of 
the resin in the structure of the 
foil, between and around the fi- 
bers. Second, in the U.S., printing 
is done after resin impregnation, 
which limits the full use of a wide 
range of in Europe the 
printing is done first and impreg- 
nation follows—a technique which 
is claimed to provide processing 
flexibility. 


color; 


Thus, after several technical 
revolutions, melamine, one of the 
youngest of the thermosetting 
plastics, becomes a material of 
hitherto undreamed of utility and 
beauty 

Currently, blue chip processors 
are moving to take the next logi- 
cal step: fully automatic molding 
of “foil”-decorated tableware in 
all shapes. The development of 
this equipment will not be inex- 
pensive, but human error will be 
elimir 1 and rejects cut prac- 
tical] zero, thereby buildin: 
more 


es and profits. 
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IF YOUR FIRM USES 


HOT PRESS MARKINGS 


LIKE THESE. ... 


we'll show you how fo do it 


QUICKLY! EFFICIENTLY! ECONOMICALLY! 


with our New 


AIR-OPERATED MODEL AC-1 


HOT STAMPING MACHINE 


We specialize in small hot press marking machines 

with automatic work feeds. They're easy to operate 

for maximum production . . . minimum “down-time.” 

Also, automatic feed equipment—for dial tables, 

hoppers or magazine feed. And we supply all dies, 

fixtures and roil-leaf you need to give 

your product distinction. 

Take advantage of our experience in marking and 

decorating plastic wire. Over 40 years of “know-how” stand 
behind our complete line of marking and imprinting equipment. 
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Services to 


Industry —. important to you! 


Carroll’s more than 50 years of specialized 
services in sheet plastics can assist in solv- 
ing your design and production problems. 
Carroll services are rendered with infinite 
care and precision. 


Die Cutting 


Vacuum Forming 






We invite your inquiry 
for further information. 


J. B. CARROLL sieges 
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Used for code dat- 
ing container bot- 
toms — aerosols, 
cans, jars, bottles 
..- Speeds up to 400 
containers per 
minute. 


MICRO-PRINTER 


Versatile machine, 
adaptable to con- 
veyors, cartoners, 
sealers, etc.; fric- 
tion or power 
drive. 50 models 
available. 


MICRO-CODER 


Easily installed on all kinds of 
packaging or processing equip- 
ment. Imprints top, bottom or 
sides of wide range of packaging 
sizes and materials. 


Abo available: 


SIDE PRINTERS 
TOP-N-BOTTOM CODERS 
INK & TYPE FOR ALL MODELS 


” 
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The hot-stamping process is 
based on the use of stamping 
equipment in conjunction with a 
pigment-colored leaf or foil which 
is created by coating pigmented 
paints on a film backing or car- 
rier. The pigments are held in a 
dry, suspended state until, under 
heat and pressure, they become 
mastic. At the same time, the 
heat softens the surface of the 
plastic to effect a homogeneous 
bond between color and plastic. 
The entire operation takes place 
in special hot-stamping equip- 
ment in which the plastics parts 
are fixed in a jig located under 
the head of the press. The roll 
leaf is then fed under the head 
and is brought into pressure con- 
tact with the plastic by an elec- 
trically heated die in the press 
head. Contact is maintained for 
a sufficient time to allow the pig- 
ment to transfer to the plastic. 

The techniques to be used in 
hot-stamping depend, of course, 
to a large extent on the type of 
plastic being decorated. The heat 
ranges used, for example, run 
from 175° F. for cold operating 
leaf up to 500° F. for silicone 
rubber die stamping and phenolic 
marking. Generally speaking, the 
thermoplastics will take the lower 
heat range and the thermosets 
will take the higher range. 

As far as pressure is concerned, 
vinyl and polyethylene, the softer 
plastics, require little pressure, 
whereas phenolics and the other 
hard plastics will take extremely 
high pressures. The same “rule- 
of-thumb” applies to determining 
the proper dwell time. Vinyl and 
polyethylene require extremely 
short dwell or “kiss” impressions; 
the harder plastics, such as poly- 
styrene and phenolic, need more 
time to give the die a chance to 
get below the surface. 

Basically, there are three types 
of stamping equipment: hand-op- 
erated, motor-driven, and air-op- 
erated. Until recently, the pro- 
duction rate for these machines 
hovered around 2000 pieces an 
hour. Now, however, automatic 
equipment, generally based on the 
use of a rotary indexing turn- 
table, has performed the process 
at a rate as high as 4500 to 5000 
pieces an hour. Techniques of this 


— 


type, of course, are based on the 
use of hopper feeding, conveyor 
feeding, or rotary indexed table 
feeding to replace the manual 
feeding lines. The determining 
factor in production speed, how- 
ever, is still the rate of dwell re- 
quired for the particular type of 
plastic being decorated. 

Another important recent de- 
velopment in the field is the ap- 
pearance of silicone rubber dies 
which can be adapted to deposit- 
ing leaf on molded-in raised sec- 
tions. If the plastic piece is trans- 
parent, the lettering can be 
molded-in in reverse and hot- 
stamped with the rubber dies on 
the back to achieve interesting 
three-dimensional effects. If the 
part is opaque, the lettering can 
be molded-in on the front and 
easily topped with leaf to give a 
two-color effect. When using the 
silicone rubber dies (the rubber 
is about % in. thick and is bonded 
to a steel or brass plate, also about 
¥g in. thick), it should be kept in 
mind that the heat conductance 
of the material is less than with 
straight metal and that higher 
heats are therefore needed. To 
obtain a temperature of about 
275° F. on the face of the die, the 
head of the machine must be 
heated to about 425° F.—approxi- 
mately 150° higher. 

Considerable development work 
has also been going on in perfect- 
ing the roll leaf material. Leaf 
manufacturers, for one __ thing, 
have diversified their lines so 
they can offer a specific leaf ma- 
terial for each specific plastic. Re- 
search has also gone into improv- 
ing the carrier material. For 
many years, acetate and cello- 
phane were the two most used 
materials; today, several manu- 
facturers are using a Mylar poly- 
ester film backing. Although it is 
more expensive, it can be used 
in thinner gages; it is much 
tougher, and it makes possible 
more sharply defined detail. 

Other developments: metallic 
leafs are now available to permit 
spot decoration (simulating met- 
allization) in molded items; leaf in 
transparent colors can be stamped 
on the underside of a clear piece 
and metallized from the rear 
give interesting color effects. 
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Decorating film and sheeting 


By MARK W. NEITLICH* 


y hile plastics film and sheet- 
ing possess many basic properties 
consmiered desirable by potential 
users, the enlargement and crea- 
tion of consumer markets for 
plastics film and sheeting have 
been made possible largely 
through advances in the arts of 
decorating these products. 

The decorating methods most 
widely used today are printing 
and embossing. Interesting spe- 
cialty products are also being 
produced by laminating and by 
flocking. 

The processes used to print 
plastics have been, basically, of 
the same types used by other in- 
dustries. Their successful adapta- 
tion to plastics, however, has re- 
quired continual change to meet 
the wide variety of problems 
which are introduced by new 
plastics materials. In most cases, 
these problems have been over- 
come. 


Gravure printing 


The gravure process has been 
the most widely used printing 
method for decorating plastics 
film and sheeting. Well known 
in the industry, gravure printing 
involves the deposition of ink 


from depressions of a_ specific 
depth, pattern, and spacing, which 
have been either mechanically or 
chemically engraved in a cylin- 


der. The 
immersed 


cylinder is partially 
in the ink fountain, 
thus allowing the depressions to 
be filled with ink. The excess is 
wiped out of the depressions and 
off the unengraved areas of the 
cylinder by a resilient metal 
blade, referred to as the “doctor 
blade.” Cylinders are generally 
chrome-plated to protect the en- 
gravings, as long as_ possible, 
against the continued abrasion of 
the doctor blade. Since the un- 
eng d areas must be wiped 
completely clean to avoid smudg- 


Representative, Claremont Pigment 
Corp. 30 Powerhouse Rd., Roslyn 


w wishes to acknowledge the as- 
the following individuals in the 
n_of this chapter: Hal-Curtis Felsher 
Director, and wane Hanau, Chief 
Claremont Pigment Dispersion Corp. 
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ing unprinted areas of the plas- 
tics, scrupulous care must be 
taken to keep the doctor blade 
free from scratches and in smooth 
contact with the cylinder. The 
selection of inks must be made 
with equal care, since inks which 
are too highly pigmented or con- 
tain abrasive fillers tend to lower 
cylinder life markedly. 

Less serious from the point of 
view of possible cylinder damage, 
but nevertheless harmful to print- 
ing quality, is a flocculated state 
of ink pigment dispersion. This 
condition is generally due to wet- 
tability of pigment in the vehicle 
portion, and can frequently be al- 
leviated by the addition of a suit- 
able quantity of a reducing clear 
of high resin content. 

The gravure process is char- 
acterized by finely detailed prints 
and high rates of production. Gra- 
vure presses, properly equipped 
with forced drying facilities be- 
tween cylinders, can print as 
many colors as there are printing 
stations. One of the most highly 
desirable aspects of gravure 
printing is process work. In proc- 
ess printing, transparent inks in 
the three primary colors are 
printed over one another using 
cylinders engraved by means of 
photographic color separation. 
The process method couples the 
fine detail possible in gravure 
printing with the full gamut of 
color variations available from 
combinations of primary colors. 
The primary disadvantage of the 
gravure process is the compara- 
tively high cost of preparing 
printing cylinders. 

Gravure cylinders are used for 
applying both pigmented coatings 
and clear or tinted top coats to 
plastics, particularly in the man- 
ufacture of vinyl upholstery. The 
gravure method is also used in 
reverse printing, in which case 
the pattern is printed, in reverse, 
on the back surface of a clear film, 
which can then be laminated to 
thicker plastics sheets. 

Inks used in the gravure proc- 
ess dry, usually, by evaporation 


and must be adjusted to fit the 
printing speed of the equipment, 
the diameter and depth of etch of 
the specific cylinder, and the plas- 
tic being printed. Drying temper- 
atures must not be so high as to 
cause distortion of the plastic nor 
so low as to inhibit complete dry- 
ing of the ink (especially in mul- 
ti-color printing). 


Flexographic printing 

Flexographic printing is most 
commonly used in _ producing 
printed packaging films. It has 
had little application, until re- 
cently, as a method of decorating 
plastics film and sheeting. Deco- 
rators of plastics, 
light-gage polyethylene, have 
noted the success of package 
printers in handling this material 
at extremely high speeds. In ad- 
dition, the wide use of poly- 
ethylene for inexpensive dispos- 
able items, such as draperies and 
tablecloths, has caused a swing 
toward the flexographic process 
because of its inherently low 
plate cost and its adaptability to 
numerous style changes. Al- 
though the fineness of detail pos- 
sible in gravure printing is not 
obtainable in flexographic print- 
ing, this disadvantage is nullified 
in the case of light-gage deco- 
rated polyethylene because of the 
fact that almost all the materials 
sold are heavily embossed. 

Recent advances in the formu- 
lation of flexographic inks for 
vinyl film have made this a prac- 
tical method for the production of 
decorative films as wide as 72 
inches. The biggest problem was 
the high plasticizer content of 
most vinyl films, with consequent 
plasticizer migration tendencies. 
Since a successful flexographic 
ink must be of low viscosity and, 
generally, fairly high resin con- 
tent, it follows that the low- 
molecular-weight polymers best 
adapted to this requirement 
would most easily suffer tacki- 
ness due to plasticizer migration. 
Further, the resins which adhere 
to polyvinyl chloride film gener- 
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NOW USE THE ZEPHYR “300” 
ULTRA SONIC SEALER 


for 


1, Easy welding of hard-to-seal plastic film 
2. Solving difficult or “impossible” sealing applications 


NEW ULTRA SONIC SEALER IS NOW PERMANENTLY BONDING “MYLAR*”, “TERAFILM°” POLYESTERS, 


POLYETHYLENE, POLYPROPYLENE, NYLON, VINYL, PVA, PVC, CELLOPHANE . . 


COATED PAPERS AND BOARD . . . ORLON, NYLON, AND DACRON WOVEN AND NON-WOVEN FABRICS. 


® Seals film thicknesses from %4 mil to 100 mils at speeds to 100 feet per minute. 
= Welds plastic film and synthetic fabrics without adhesives, or high voltage. 
® Machines are now in use, in an ever growing list of applications. 


SEALS “MYLAR” PERMANENTLY The Ultra Sonic 


Sealer makes strong, smooth, distortion-free 
welds on “Mylar” strips used to program knit- 
ting machines. The machine also makes butt-lap, 
seam, or spot seals. No dies required. 


DESIGNED FOR IN-LINE PRODUCTION USE Poly- 
propylene tubing formed continuously as a web 
of 65 mil film passes under the pulsating tool of 
the Ultra Sonic Sealer. Silent, safe to operate, 
the Zephyr “300” consumes little power. No 
shielding required. 


SEALS THROUGH CONTAMINANTS The Sealer 
welds “Mylar” through = to make packets of 
bearings in oil. The Zephyr “300” seals easily 
through other contaminants such as food and 


chemicals. It is adaptable in any position for 
production line use. 


SEALS WITHOUT ADHESIVES, CHEMICALS, bo 
HIGH VOLTAGE “Mylar” tape welded with 
Ultra Sonic Sealer reduced previous ne 
time by 75% for the manufacturer. Replaced use 
of adhesives and metal clips. Sealing operation 
can be interrupted without danger of burning 
material. 


Ultrasonic sealing not only has the seal of approval it already is the “seal of approval” 


in plastic film bonding. The Zephyr “300 


”, a 300 watt model, is in full production 


and in = use at many installations. Write for complete information. See it 


demonstrated . 


( ULTRASONIC SEAL, INC. 


A DIVISION OF KLEER-VU INDUSTRIES, INC. 
78 MADISON AVENUE @ NEW YORK 16, N.Y. @ OREGON 9-5150 


Research and Development Laboratories 8 Ardmore, Pennsylvania 


* Dupont trademort 


eT Eastman trod 





. PLASTIC LAMINATES, 





ally are dissolved only by ke- 
tones, aromatics, or other strong 
solvents which are also very ac- 
tive in swelling the rubber plates 
and cylinders used in printing, 
By selection of suitable solvents 
and resins, these difficulties have 
been largely overcome and flexo- 
graphic printing of high quality 
is now possible on clean, not ex- 
cessively lubricated, PVC film. 

The plates used in flexographic 
printing are made of natural or 
synthetic rubber and have raised 
patterns. A rubber roll, partially 
immersed in the ink fountain, 
transfers ink to a fine screen- 
lined steel roller which, in turn, 
deposits a thin layer of ink on the 
printing plate which has been 
mounted on the plate roller by 
means of an adhesive. Inks, of 
course, must be _ rapid-drying. 
The potentially high printing 
speed of the flexographic process 
can be achieved only through the 
impingement of rapidly circulat- 
ing hot air on the printed plastics 
after each color is printed. Until 
recently, the make-up of printing 
rolls and plates limited flexo- 
graphic inks to the alcohol type. 
Recent developments, however, 
have made available solvent- 
resistant rubbers that permit 
printers to use universal inks 
based on stronger solvents. 


Valiey printing 


Valley printing, also known as 
inlay printing, has only recently 
begun to enjoy wide use as a 
plastics decorating method. By 
adding a suitable auxiliary ink- 
furnishing unit to a conventional 
embossing machine, ink is applied 
to the high points of the emboss- 
ing roll and is, subsequently, de- 
posited in what become the val- 
leys of the embossed plastic. The 
process opens a completely new 
area in plastics decorating by 
combining the effects of dimen- 
sion with color. The ink-furnish- 
ing equipment consists, usually, of 
a combination of rubber rolls, or 
steel and rubber rolls. In either 
case, a rubber roll deposits the 
ink on the embossing roll 

Since the plastic is preheated 
prior to printing, it was (felt, at 
one time, that only water-based 
inks would be satisfactory for 
valley printing. Several years of 
trouble-free experience wit! Spe- 
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cially formulated solvent-based 
inks have served to place the 
danger of fire in its proper per- 
spective The solvents used in 
these inks, however, must not 
attack the rubber rolls. Solvent- 
based inks have been used suc- 
cessfully to print a large volume 
of vinyl and polyethylene. 

Each new valley-printed de- 
sign requires the preparation of a 
different embossing roll. Valley 
printing can, therefore, be eco- 
nomical only where the roll is 
used to produce a relatively large 
yolume of printed film or sheet- 
ing. Many currently operated 
embossing units can be equipped 
to valley print. Most, but not all, 
embossing rolls are suitable for 
valley printing. 


Sik screen printing 

Silk screen printing ranges in 
complexity from simple hand 
methods to semi-automatic op- 
erations on all types of plastics. 
This printing method, in its basic 
form, involves laying a pattern 
of an insoluble material, in out- 
line, on a finely woven fabric, so 
that when ink is drawn across it, 
it is able to pass through the 
screen only in the desired areas. 
While the cost of screens for each 
new job is relatively small, the 
process itself does not allow rates 
of production comparable with 
methods of roller printing. Be- 
cause of low cost, however, 
smaller yardages can advantage- 
ously be printed by the silk 
screen method. Silk screen inks 
are designed to dry relatively 
slowly in order that clogging of 
screens does not occur. Colors 
must be printed singly and sheets 
stacked for either forced-drying 
or air-drying, to avoid smudging. 
The silk screen method is em- 
ployed for producing low-volume 
Specialty products and is in wide 
use for decorating such products 
as vinyl inflatables (e.g., pools and 
various beach toys). 


Surface printing 


Surfa printing is a rotary 
Printing process using raised en- 
graving nd permitting applica- 
tion of to twelve colors with- 
out d: between nips. Ink is 
furnis! to each printing roll 
by a c-covered roll which 
1s in supplied by a metal 
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Decorate or Print 


DIRECTLY ON YOUR PRODUCT 
AND SAVE ! 


) 


with | 
, ; SS 
Decorating & Marking Equipment 
PRINT WHILE YOU PACKAGE 


ts Zor more colors — on flexible or rigid plastic, paper, glass, metal, etc. 


a in all shapes, even after product is inside! 
feed machines 


By printing directly on your package, an Apex printer eliminates your 
@ rapid changeover 


label inventory problems, relieves you from production headaches. 
@ inexpensive plates Apex printers can be integrated into your packaging machine or line. 
permanent inks In Perfect for code marking, price marking, and labeling for foods, bev- 
all ¢ erages, drugs, cosmetics, electronics, etc, 
Send now for catalog with complete prices and data. For specific recommendation, 
please state shape and size of your product, daily production requirement. 
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For decorating and marking 
your produc... 


uss Admiral Ro. LEAF 
PLASTIC APPLICATIONS ARE OUR SPECIALTY 


In-stock selection of roll leaf in a wide range of 
colors and bright metallics. 


A full line of equipment for hot stamping. 


Special leaf such as transparent colors for metal- 
lizing, plated metallics, non-fogging types, second- 
surface types, mylar based types, etc. 


Complete selection for rubber die stamping; metal 
die stamping. 


Admiral’s devotion to quality stamping of plastics 
assures you of exceptional uniformity, sharp defini- 
tion, a mar and smear proof surface, good coverage 
and easy workability. 


a 


In addition, Admiral will match and custom formu- 
late colors to fit your most exacting needs. If you're 
decorating or marking plastics and want a mark 
of quality—see Admiral. Write or phone today for 
brochure and samples. 
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Photo: cap and cover hot stamped 
with roll leaf by Admiral. 


Amirali coated products inc. | =x": 


in Chicago, $1. Lovis 


Railroad Ave. * Hackensack, N.J. © HU 9-7150 | ond Pasadena, Calif. 
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D&R PLASTIC WELDERS, INC. 


BOX J CONNECTICUT 











NEED 
SMALL, 
GROUND 
PARTS 


IN LARGE, 
ROUND 

NUMBERS? 

ENGINEERING 


FOOT OF COLFAX AVE. 
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Any small shape having variable cross 
sections along a central axis can be 
mass-produced economically, yet held 
to close tolerances, by grinding. 


In addition to precision, grinding offers 
the advantages of cleaner parts . . . no 
flash lines . . . no gate marks .. . low 
initial cost . . . fastest delivery from 
blueprint to finished part. 

The parts our method produces range 
from ¥g” to 1” in diameter and up to 
7” in length. They appear in a broad 
variety of applications in electronics, 
communication systems, industrial 
switch gear, radar, television, recording 
meters and computers. 

We will be happy to give you an esti- 
mate based on your blue prints or 
specifications. 





Parts mass-produced in quantities of 
100,000 to millions. 50,000 and less 


done on custom basis. 


Materials 
* Nylon * Fibre 
* Teflon * Acrylics 
* Wood * Polyesters 
* Acetate + Fibre Glass 
+ Laminates + Styrene 
* Cast Phenolics 











LABORATORIES, INC. 


Established 1935 


POMPTON LAKES, N.J. FEderal 7-8116-7 





roll immersed in an ink foun. 
tain. The printing rolls are 
mounted around the circumfer. 
ence of a large drum on which 
the plastics film travels. The rel- 
atively slow rate of production 
and lack of demand for surface. 
printed plastics have tended to 
diminish its use as a method of 
decorating plastics. 


Transfer printing 

Transfer printing involves ap- 
plying a printed pattern, usually 
by gravure, to a carrier (gener- 
ally a special coated paper), and 
then transferring the print to a 
film. This is a very useful method 
of maintaining precise register in 
cases where the plastics to be 
printed is subject to severe dis- 
tortion either because of normal 
press tension or because of the 
solvent content of the inks used, 
The transfer-printing operation is 
usually accomplished by casting 
a plastics film on the printed 
carrier. The print releases from 
the paper, becoming an integral 
part of the film and bearing the 
exact pattern on the carrier. 

Transfer printing is not used 
very extensively in the plastics 
industry, its principal applications 
being in the decoration of various 
soft plastics films, one mil or less 
in thickness. 


Roll leaf stamping 


Another type of transfer print- 
ing generally used for decorating 
small plastics sheets is roll leaf 
stamping. Roll leaf is available 
in continuous rolls of varying 
widths. It is made by coating 
colored ink compositions on 4 
non-adhesive carrier, usually cel- 
lophane. This process also im- 
volves the transfer of ink from 
a carrier to a plastic. The trans- 
fer in this case, however, is e- 
fected by the application of 4 
raised heated steel design to the 
roll leaf when in intimate contact 
with plastics. Whereas transfer 
printing is designed for produc- 
tion of continuous rolls of printed 
plastics, roll leaf stamping can be 
used only to imprint on a single 
sheet. in each printing cycle. 


Spanishing 


Spanishing, a carry-over from 
leather finishing, is a method of 
depositing ink in the valleys of 
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embossed plastics. This is done 
mechanically either by a wipe- 
roll machine or by a knife-on- 
blanket unit. In a few plants, 
hand-spanishing of specialty 
plastics products is also carried 
on. The process is a highly prac- 
tical procedure for producing 
two-tone effects in the limited 
number of applications in which 
design prohibits the use of valley 
printing. The use of spanishing 
is tending to diminish, because 
of the fact that valley-printing 
methods can produce the same 
effects in a single operation. 


Embossing processes. 


The art of embossing is used 
to create depressions of a specific 
pattern in plastics film and sheet- 
ing in order to enhance the ap- 
pearance and acceptability of 
plastics for consumer products. 
The three principal methods of 
embossing are: 1) pressure em- 
bossing, 2) vacuum embossing, 
and 3) dielectric embossing. Pres- 
sure embossing techniques are 
well known in the plastics indus- 
try. Vacuum embossing and di- 
electric embossing are relatively 
new processes which are finding 
wider use as their arts improve. 


Pressure embossing 


Pressure embossing is accom- 
plished by both flat plate and 
rotary methods. Because of its 
relatively slow rate of produc- 
tion, plate embossing is generally 
limited to short runs. The actual 
operation is performed in a hy- 
draulic press equipped with a 
heated platen, which is usually 
the upper platen. The engraved 
metal plate is clamped to this 
platen and is heated by it. When 
the sheets or continuous rolls of 
plastics are positioned in the 
press, either mechanically or 
manually, the lower platen forces 
the plastics against the pattern 
of the engraved plate. The ra- 
pidity with which the plastics 
take on the pattern of the en- 
graved plate depends on the tem- 
perature of operation and the 
Sage of the plastics. The perma- 
nence of the embossing depends 
also on the temperature, pres- 
sure, dwell time, and engraving 
depth Naturally, these factors 
vary with each type of plastic. 

The more widely used method 
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TO YOUR PRODUCT SPECIFICATIONS 


Which of these 


COATINGS 


for PLASTICS % 


are of interest 





to you? 


Who covers the plastics field with coatings? 


MANUFACTURERS OF PROTECTIVE AND DECORATIVE COATINGS 
FOR ALL TYPES OF PLASTICS 


SULLIVAN CHEMICALS 


DIVISION OF SULLIVAN VARNISH COMPANY 
410 NORTH HART STREET ¢ CHICAGO 22, ILLINOIS 





ROEHLEN ENCRAVING WORKS 


EMBOSSING ROLLERS 


60,000 sq. ft. of research, design and manu- 
facturing facilities . . . America's largest 


Library of Textures and Ideas. 
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ROEHLEN ENGRAVING WORKS, Box 41 2, Rochester 2, N.Y. 
AMERICA'S LEADING MANUFACTURERS OF EMBOSSING ROLLERS AND PLATES 





of pressure embossing is roller 
embossing. The technique is sim- 
ilar in principle to plate emboss- 
ing except that the pattern is en- 
graved on the surface of a steel] 
cylinder. This conversion permits 
continuous operation and, thus, 
higher production rates. In rotary 
embossing, the plastic is gener- 
ally preheated and is fed between 
the engraved roll and a rubber 
pressure roll. The Durometer 
hardness of the rubber roll de- 
pends on the depth of the emboss- 
ing required. The depth of the 
embossing, the gage of the plas- 
tic, and its flow point, all figure 
in determining the temperature 
and pressure required. Rapid 
cooling of the plastic is necessary 
to fix the impression permanent- 
ly. This is done by cooling the 
embossing roll internally and, in 
cases where the gage of the plas- 
tic is very low, by spraying the 
plastic with cold water. Some 
manufacturers of vinyl sheeting 
have found it economical to have 
their embossing units directly in 
line with the calender so that 
goods are embossed as they pass 
from the calender. 


Vacuum embossing 


The technique of vacuum em- 
bossing permits the embossing of 
plastics much more deeply and 
less expensively than possible by 
pressure embossing. While first 
applied only to the embossing of 
plastics sheets, the process of 
vacuum embossing has been de- 
veloped to permit the decoration 
of continuous rolls of plastics 
film or sheeting. In vacuum em- 
bossing, the material is first 
heated to its flow point by heaters 
within the unit. It is then drawn 
by means of vacuum against the 
mold which contains suitably 
positioned vacuum holes. As a 
result of atmospheric pressure 
against the plastic, it takes the 
shape of the mold. Molds may be 
fabricated of such low-cost ma- 
terials as plaster of paris. Unique 
effects are also obtained by using 
textile fabrics as molds. Items 
produced by this technique in- 
clude applications ranging from 
place mats to acrylic outdoor ad- 
vertising signs. 

A major expansion in t 
of vacuum embossing techniques 
was made possible by the de- 


ie use 
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velopment of continuous rotary 
yacuum embossing. This has per- 
mitted large increase in pro- 
duction rates and, as a result, has 
been applied with great success 
to thin-gage polyethylene film. 
In the rotary vacuum embossing 
process, the embossing roll is en- 
graved in the reverse manner of 
a pressure embossing roll and is 
also drilled with vacuum holes. 
When the preheated plastic is 
passed over the chilled embossing 
roll, it is drawn against it, ac- 
quiring the pattern desired. A 
spray of cold water, applied im- 
mediately after embossing, serves 
to set the pattern. This additional 
cooling is especially necessary in 
the vacuum embossing of thin- 
gage plastics. Representative of 
the items produced by this meth- 
od are inexpensive, highly styled, 
polyethylene draperies and table- 
cloths 


Dielectric embossing 
Dielectric embossing is a by- 
product of dielectric heat-sealing. 
A heat-sealing machine is de- 
signed to heat plastics by means 
of high-frequency electric cur- 
rent. The current causes the plas- 
tics to heat up only where con- 
tacted by steel jaws of the desired 
design, which the heat-sealing 
unit presses onto the plastics. 
Quilted products containing a 
variety of stuffing materials, as 
large as entire automobile door 
liner assemblies, are produced by 
this technique. The process is dis- 
continuous and operates on a 
definite time cycle which is de- 
termined by the voltage applied 
and the dwell time required to 
achieve a satisfactory weld. Suc- 
cessful production is possible only 
where the plastics and any print 
or coating applied to the plastics 
do not transmit electric current 
and hence permit arcing. Such 
arcing during the welding cycle 
can cause severe scorching of the 
Plastics at the points of local cur- 
rent flow. Arcing is attributable 
toa wide variety of causes, among 
them high humidity and the use 
of a conductive printing ink in the 
sealed. When an arc 
carbonizes the plastic 
icing a conductive path 
omplete breakdown of 
Obviously, weak or 
spots in the plastic 
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| FEATURING... 


| Square Rams — prevents rotation of head, assures accurate registration 
Adjustable Gap — head raises and lowers on Y2 ton presses, table 


raises and lowers on larger models * Long Head Strokes — easier to 
| set up and feed * Adjustable Ram Speed and Pressures Double Toggle 
1 Head action on larger models * Rugged, cast iron, ‘“‘C"’ frame construc- 
a | tion * Hand lever included for setting up air machines * Two way air 
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Faster, Easier, Cleaner Finishing 


Our specialization in Dial Finishes over 
many years has earned a reputation 
for quality in products and results. 

ANCHOR DIAL FILLER is cutting fin- 
ishing time and costs for leading plas- 
tics fabricators. 


“ANCHOR DIAL FILLER —by for 
the leader in its field—is a specialized 
finish designed to give contrast to em- 
bossed or recessed patterns on plastics 
as well as other materials. Won't 
streak — produces a clean, sharp 


THE IRVIN, JEWELL & VINSON co. 
938 E.Second Street, Dayton 2, Ohio | 


opaque color with a minimum of time 
and labor. Available in many colors to 
meet your requirements, ANCHOR 
DIAL FILLER may be applied by brush, 
roller, squeezer, or spray. Durability 
and adherence is outstanding -— will 
not chip under rough handling. 

This specialized product is cutting 
finishing time and costs for many of 
the nation's largest manufacturers and 
plastics fabricators. You can use 
ANCHOR DIAL FILLER with confi- 


dence.” 





FREE TRIAL OFFER 


Try a sample of Anchor Dial 
Filler. Check the advantages 
yourself. Or write for descriptive 
literature. 
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itself may also start this trouble. 
The ink pigments which are prin- 
cipally responsible for arcing 
troubles are carbon blacks and 
metallics (aluminum and bronze 
flakes). It has been found pos- 
sible, however, to formulate these 
materials so that electronic heat 
sealing of jet black, gold, and 
silver prints can now be accom- 
plished without arcing. 


Printing inks 


Inks are generally formulated 
to suit a specific plastic, printing 
method, and product application. 
The printer’s first concern is 
therefore his ink formulation. 
This must be considered from 
two aspects: 1) how the ink 
prints, and 2) how the print 
stands up on the plastics under 
subsequent manufacturing and 
actual use. Plastics inks are com- 
posed of blends of various syn- 
thetic resins, pigments, and sol- 
vents. Most plastics inks dry by 
evaporation of solvent. Ink sol- 
vents must be selected which will 
permit the inks to dry slightly 
faster than required by the speed 
of the printing operation. Through 
the use of retarding solvents, inks 
which are formulated properly 
can always be made to dry more 
slowly, whereas inherent drying 
speed cannot be increased. A 
stream of rapidly flowing het air 
passing over the printed plastics 
will provide maximum flexibility 
and speed, particularly in multi- 
color gravure and flexographic 
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LUPO RESEARCH LABORATORIES 
ready to solve your problems. 


LUPOLINE’s new plant, tooled to 
produce high quality products. 
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printing. The temperature of the 
air is limited by the heat distor- 


A selected medium in a high pressure tion point of the plastics 


' dy 
cle chrenms does Mp Jabs HARDWOOD DOUBLE SCREENED PEGS 


Laboratory tests ~ Her%e 
6 


HERE’S the best way to deburr, deflash, 
shot peen and produce a controlled micro- 
inch finish quickly, easily! From castings, 
moldings, machine parts, gold and silver 
inserts, to fine pitched gears, this com- 
pact Supersonic Blast will speed up produc- 
tion . . lower unit costs everytime! Es- 
pecially good for preparing molds 


There are no practical labora- 
tory tests for reliably determining 
printing performance except by 
actual printing trials on labora- 
tory equipment. In these trials, 
the printer determines the print- 
ing speed best suited to the spe- 
cific inks and plastics, as indicated 
by the cleanliness of printing and 
the feasibility of printing one 
color over another. Standard 
equipment, which has been gen- 
erally adopted in the industry, is 
available for performing labora- 
tory tests to approximate condi- 
tions of actual use. 

1) Light fastness: This test is 

(Continued on p. 824) 





We sell Supersonic Blast equipment. We 
sell the required media. And we maintain 
a service on a contract basis. We invite 
you to send a sample component. We'll 
be happy to process the part and return 
it with the estimated cycle time. Or, write 
for full information today. 


SUPERSONIC BLAST INC. 


Division of American Technical Machinery, Inc. 


29 Elim Avenue, Mt. Vernon, N. Y. 
Mount Vernon 8-2340/9305 


LUPOLINE 


AUTOMATIC POLISHING 
EQUIPMENT CORPORATION 


4510 Bullard Avenue 
New York 70, N. Y. 
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SPRAY PAINTING MASKS 


; 


| ‘ 


CLAMPS AND FIXTURES 


CORPORATION 
New York Avenue 
Toledo 11, Ohio 


Symbol of Low Cost 
High Production 
Product Finishing 


C/M Electro-formed nickel or copper “built-off’ spray 
masks will cut your cost of protective coatings or decora- 
tive painting of intricate areas in multiple colors. Permit 
one wet coat after another. 


c/M mechanical and air operated clamps and fixtures 
provide positive pressure on masks and parts. Square 
shaft air cylinders assure exact registration, reduce rejects. 
Foot treadle operation speeds production. 


c/M automatic washers clean masks in seconds, double 
production, eliminate helpers, cut solvent consumption, 
avert production delays due to damaging of masks by 
hand scrubbing. 


AUTOMATIC SPRAY MACHINES 


c/ M automatic and semi-automatic spray machines permit 
production increases of hundreds to one over hand 
methods, reduce labor costs and eliminate the need of 
experienced operators. 


c/M engineers will counsel with you as to most efficient 
technique for handling your particular requirements. 
Send prints or sample parts, giving results desired and 
production required. 





“NRC Vacuum Coater 
Cuts Production Time 75% 
Improves Schedules 100%” 


... says James Kerr, Manager, 


Electro- Vac Division of Radio Cores, Inc., Chicago, Illinois. 


“Increased demand for our plating 
work required newer, more productive 
equipment. We investigated the vacuum 
coating equipment of several manufac- 
turers and chose the NRC Equipment 
Corp. Model 3156. 

“As for solving the problem of in- 
creased demand, the new NRC Vacuum 
Coater has more than quadrupled our 
output. Floor space is the same as the 
old equipment. 

“Our plating cycle has been reduced 
75 per cent. Humid weather no longer 
slows our production. The more efficient 
pumps and mechanically refrigerated 
cold trap on the NRC equipment have 
overcome the humidity problem. 

“Delivery schedules have improved 
about 100 per cent. There are no produc- 
tion variations because of the NRC’s de- 
pendability. Results are consistent. 


“NRC installed the new coater and 
handled personnel training... only one 
week was needed to break in our own 
operator.” 

Electro-Vac has become a big con- 
tender in the growing finishing field... 
the company produces a quality product 
on modern equipment faster and at lower 
production costs. Interested in cutting 
your operating costs? 


Send for the new Vacuum Coater bro- 
chure today. 


NRC 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corporation 
160 Charlemont Street, Dept. 19-F 
Newton 61, Massachusetts 
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+--for your decorating needs. We produce it to meet your 
exact specifications. Newer and better matched colors. 
Newer and better carriers. imitation Gold and Silver, Pig- 
ment and Metallic Colors — for all plastics. Can supply 
widths from %” up to 25” and lengths up to 1000 feet. 
Samples and quotations on request, without obligation. 
Please send sample of material to be stamped. 


A Quarter Century of prompt 
personalized service and delivery. 


Act is one of America’s leading mass producers of plastic extrusions 
and al! types of precision parts. Any shape, form or color. Any type 
since gisa4 ~ ~=—Ss«- Plastic. Small runs or large runs. Huge stocks 
4 for immediate delivery. Quick, low-cost service on FACTORY: 125 Bergenline Ave., Westwood, N.J., NOrth 4-7510 
specials. Write, wire or call for samples, price lists Midwest Rep: Robert O. Bardon, Co., 9505 Montgomery Rd., 
and technical bulletins. Cincinnati 42. Ohio TW—1—7400 
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ENGRAVED ROLLERS 


if they're mill engraved, 


they're mechanically correct. 


Applicator Rollers Embossing Rollers 

® Uniform engraving over entire surface, @ Thousands of patterns available from 

making each roller identical. our library. 

® Rollers made of steel for longer life. ® Precision engraving for consistent, un- 

* Flexible engraving specifications for wall surpassed quality. 

width, top, bottom and depth of cell. ® Accurate, dependable service for the 
* Rollers apply all fluids, especially those fastest delivery in the roll engraving in- 
of he avy viscosity. dustry. 


Mi ry ny — CONSOLIDATED 
OTOGRAVURE CYLINDERS —= ENGRAVERS 


“EXTILE PRINTING ROLLERS 
division of AMERICAN-MARIETTA CO. 
311 East 12th Street, Charlotte, N.C. 





PAINTING 
PLASTICS? 


R-222 


and butyrales 


Whether you're painting styrene, 
formable A. B. S., acrylics, pheno- 
lics or polyolefins—look to Bee 
Chemical for top performance and 
economies in paints formulated for 


. eo. Fifteen years of 


in the plastics industry 
ual Bee Chemical your basic 
source for spray paints, metallics, 
screen and roller paints, anti-static 
coatings, letter-fill paints and Metal- 
lizing Coatings. 


for styrene and stryene copolymers; rigid vinyl, 
A. B. & A. B. S. tripolymer; acrylic, modified acrylics 


R-222 is a high quality fast air-dry spray finish which meets the strict performance requirements 
of the automotive and appliance industries. It is unique as a carrier for BEE’s BRONZELESS 
GOLDS, metallic powders and pigmented metallics. R-222 has excellent adhesion on recom 
mended thermoplastics; passes 4H pencil hardness; has good to excellent humidity resistance, 
grease, soap and detergent and liquor resistance. Supplied in a wide array of standard colors 
and unlimited range of matched colors. Used for both first and second surface painting. 


A127 


- . 38 for polyolefins 
P-38 is a spray paint designed for good 
—— on flame-treated or chemically- 
treated polyolefins. It is a fast air-drying 
ore binge with good mar resistance and 
. It is available in many colors, 
including special colors for toy applications. 
for cellulose acetate 


_A-127 is BEE'S al agua cellulose 
finish, It esistance 


peer ecey Oe has good r 
_ to plasticizer morstion. Available in a wide 


tange of colors as well as BRONZELESS 
~ GOLDS. 


THERMOSETTING Ba" aale 


W g EPOXAMINE W-99 is a single 
” package modified epoxy-amino 
finish; possesses toughness, abrasion re 
sistance, adhesion without the undesirable 
features of conventional epoxy systems. An 
excellent carrier for BRONZELESS GOLDS 
and pigmented metallics. The increased 
hiding power and high gloss of this system 
eliminates necessity of clear top coats 
Available in light stable colors 


W-1T1 ACRYLAD 111 ts a hard 
— ig fir de gene ] Tor af 


the mate in overall 
qualit y in a fins durability: superior 
stain resistance asaomaanilie excellent 
adhesion; soap and detergent r 
heat aging and color stability. It 
excellent, high quality system for B 
LESS GOLDS and pigmented metallics 
is available in light stable colors for out 
door use 


VACUUM METALLIZING PAINTS 


BEE CHEMICAL supplies base coats, back-up coats and top coats to the vacuum metallizing 
industry. These coatings systems are formulated for specific plastics and the required properties: 
Alcohol-resistant of cologne-resistant systems for styrene or phenolic bottle closures; automo- 
tive system for Cycolac and A. B. S. plastics which can be baked at low temperatures; versatile 
systems which can be used on styrene, acetate or thermosets— whatever your metallizing coatings 
requirements check with BEE CHEMICAL for a systems evaluation. 


For trial samples of BEE 
CHEMICAL products write us 
on your letterhead, mention- 
ing the type of plastic to be 
coated, surface properties de- 
sired and product application. 
Samples will be sent freight 
collect for evaluation by quali- 
fied users 


BEE 
CHEMICAL 
COMPANY 


Department MPE 


700 EAST 170th STREET 
LANSING, ILLINOIS 
GRanite 4-7000 





usually performed using a siand- 
ard fadeometer or weatherom- 
eter, sometimes supplemented by 
outdoor exposure data. Except 
possibly in the case of over-all 
pigmented coatings, the printer 
should not require greater light 
stability for his inks than the plas- 
tic itself demonstrates. 

2) Block. resistance: The block 
resistance of an ink is a measure 
of the degree to which it wil] 
tackify under conditions of heat 
and pressure. 

The usual test for blocking is 
an accelerated one using elevated 
temperature and pressure. Prints 
are placed both face-to-face and 
face-to-back between smooth 
surfaces. The resulting sandwich 
is placed under a measured pres- 
sure in an oven of controlled 
temperature for a specified time. 
If a printed plastic is to be em- 
bossed, it is necessary for the 
block point of the print to be as 
high as possible so as to avoid 
pick-off of the print by the em- 
bossing roll. On the other hand, 
where clear plastic is to be lami- 
nated to a printed plastic, best 
results require that the block 
point of the ink be as low as prac- 
tical yet not interfere with the 
ink’s working properties. 

3) Crock resistance: The crock 
resistance of an ink is a measure 
of its ability to resist transfer of 
color to any surface in brief con- 
tact with the print. Crock resist- 
ance can be determined by means 
of the AATTC standard crock test 
which involves abrading a printed 
surface with another surface, 
which is usually a standard grade 
of textile fabric, for a specific 
number of times and at a fixed 
pressure. This determination is 
relative, thus requiring that the 
printer establish standards of 
crock resistance for himself as 
reference points. 

4) Bleeding resistance: The 
bleeding resistance of an ink is 
a measure of its ability to resist 
transfer of color into the printed 
substrate or to other surfaces as 
a result of prolonged and intimate 
contact. The tendency of an ink to 
bleed can be determined by an 
accelerated test using heat and 
pressure. (See test described un- 
der the discussion of block resist- 
ance, above.) 

5) Abrasion _ resistanc A 
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ENGRAVES 18"x 6" RECTANGLE 
IN ONE SET-UP 


* Takes up only 2 feet of bench space 


* Engraving chassis can be detached 
from base and placed directly on 
workpiece of any dimension 


* Self-centering workholder cuts down 
set-up time 
* Heavy duty cutter spindle 
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! our 28-page illustrated catalog 
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standard testing machine to de- 
termine relative abrasion resist- 
ance is the Taber Abraser. By 
means of this test equipment, 
abrasion resistance can be ex- 
pressed in terms of the number 
of cycles required to reach a spe- 
cific state of wear. 

6) Soap resistance: Numerous 
printed plastics products can be 
expected to come in contact with 
soap during their lifetime. The 
printer must be assured that his 
prints are alkali-fast. A simple 
test for this property involves im- 
mersion of the material in a 1% 
lye solution for 15 minutes. Re- 
tention of color can be judged by 
eye and will indicate the degree 
of soap fastness. 

7) Adhesion: An adhesion test 
method, other than the objected- 
to pressure-sensitive tape test 
commonly used in the packaging 
industry, which is indicative of 
both adhesion and toughness, is 
the “crinkle” test. In this proce- 
dure, printed plastic is grasped 
between the thumbs and fore- 
fingers of both hands, allowing 
approximately \% in. of clear mate- 
rial between the hands. Relative 
adhesion of the ink to the plastic 
can be observed after the motion 
of both hands in opposite direc- 
tions for a given number of cycles 
wrinkles the film. Simple mechan- 
ical devices have also been devel- 
oped which can be used to per- 
form this test. 

Having assured himself of the 
quality of his inks, the printer’s 
second concern must be for the 
uniformity and surface condition 
of his plastics material. Changes 
in the nature of the surface are 
often sources of printing prob- 
lems. sometimes be 
traced to variations in manufac- 
turing conditions or to changes in 
plastics formulations made for a 
specific purpose. An example of 
the first case is the irregular treat- 
ment of polyethylene film. An in- 
stance of the second case is the 
formulation of vinyl film with too 
great a proportion of spewing sec- 
ondary plasticizers or lubricants. 
Only continuous testing by the 
printer and an appreciation of 
printing problems by the supplier 
will minimize these occurrences. 
Standard test procedures for plas- 
tics printability can be established 
as a selective guide. 
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AND MANY OTHER PLASTICS 


COLOR CODE PLASTIC PARTS 
TO SPEED PRODUCTION AND 
ELIMINATE ASSEMBLY ERRORS 


SPECIAL EFFECTS + PROTOTYPES 


Whether you specify conventional 
or unusual “offbeat’’ color, we match 
and dye plastic parts to your re- 
quirements. Our exclusive dye proc- 
ess does not affect tolerances or 
properties of the plastic. Get addi- 
tional savings by letting us do your 
coloring when using “family” 
moulds. And, you never pay for the 
color wasted in gates, sprues, etc. 
Write for our FREE Brochure 
“HOW TO COLOR CODE PLAS- 
TIC PARTS AT LOW COST”. 


Meets RETMA Color Coding Standards (GEN 101A) 


QUOTATIONS GIVEN PROMPT ATTENTION 


Send samples and tell us colors and quantities. 


oe OR en. am - 


INDUSTRIAL DYERS 
589 Eighth Avenue, New York 18, N.Y 
LA. 4-9593 











Screen process decorating 


Ti. screen printing process 
offers a high production method 
of applying coatings to plastics 
with a versatility, intensity, pre- 
cision, and permanence not possi- 
ble with many other means of 
decoration. The best known ap- 
plications of screen printing are 
for decorative purposes, as in the 
manufacture of signs and dis- 
plays; perhaps of even greater 
importance are those functional 
applications where a_ screen 
printed material becomes an in- 
tegral part of a plastic product. 
Conductive designs, foils for lam- 
ination, colors for impregnation, 
industrial markings, and trans- 
ferable adhesive-backed films 
done with screen printing are 
vital to the use of some plastics 
in the aircraft, electronics, auto- 
motive, and appliance fields. 
Screen printed colors can be 
opaque, translucent, or transpar- 
ent; they may be laminated, 
formed, or embossed; they may be 
applied to almost any shape or 
surface; and they can be formu- 
lated to have the approximate 
properties of the plastic to which 
they are applied. 


Progress in techniques 


Screen printing is perhaps best 
known as silk screen processing, 
but advances in technology have 
automated the process and have 
made use of synthetic fibers and 
metal meshes in the place of silk. 
These permit much greater de- 
positions of color than silk, with 
comparable definition. The thick- 
ness of applied color films with 
resulting intensity and value 
often is the controlling factor in 
the salability of a product. In the 
application of conductive or resis- 
tive materials, where the proper- 
ties are determined by the cross- 
section mass of the material 
applied, screen printing offers the 
needed latitude. 

While the basic process is con- 
sistent with that originated by the 
Chinese hundreds of years ago, 
some 20 manufacturers’. of 
screen printing presses can meet 


a 
"President, Wortow Process Paint €o., 1218 
Long Beach Ave., Los Angeles, Calif 


production requirements varying 
from hand-fed, comparatively 
slow operations to completely 
automated printing and drying 
equipment at a 3000 unit/hr. rate. 
In one outstanding example, a 
6-mil wet film is applied and 
dried in 14 min. in a totally en- 
closed system which not only is 
temperature and humidity con- 
trolled, but restores to the stock 
the moisture removed in the ac- 
celerated drying process. 


Selecting the inks 


Adhesion of screen printed ma- 
terials to plastics can be either 
mechanical or chemical. Insolu- 
ble surfaces such as polyester, 
epoxy, polyethylene, and the like 
require a color which has inher- 
ent adhesive properties. Generally 
recommended for these thermo- 
setting plastics are enamels made 
from alkyd resins, acrylic-alkyds, 
or epoxy resins. The selection of 
the proper type of enamel is de- 
termined by the end-use and the 
production requirements or limi- 
tations. With an epoxy resin- 
based color, for example, mini- 
mum curing time under heat can 
be combined with a maximum of 
abrasion and chemical resistance 
and adhesion. In instances where 
heat would adversely affect com- 
ponents, the use of an alkyd or 
acrylic-alkyd resin is indicated. 

Thermoplastic materials, in 
most cases, can be screen printed 
with a color made of its basic 
ingredients and its properties 
approximated. Screen printing 
colors of methacrylate, ethyl- 
cellulose, nitrocellulose, cellulose 
acetate, butyrate, vinyl butyral, 
rubber, and polyvinyl chloride- 
acetate types and combinations 
are manufactured as standard, 
proven products. In some cases 
the use of a compatible, though 
not necessarily similar, type of 
coating can significantly upgrade 
a plastic film to be subjected to 
extremes of exterior exposure. 

PVC-based colors point out 
probably the most important 
phase in the selection of a type of 
eolor to be screen printed on 
plastics. A major supplier of vinyl 


By J. O. HOENIGSBERG* 


copolymers manufactures 10 basic 
types. Suggested for use with 
these are some 60 possible plas- 
ticizers and 160 resins, oils, waxes, 
and the like which have varying 
degrees of compatibility and 
whose use is dictated by the ulti- 
mate application. It is apparent 
that no one type of vinyl-based 
screen printing color can suit the 
almost infinite variety of com- 
binations which may make up a 
vinyl sheet or film made from the 
basic resins of just this one sup- 
plier. There is no easy solution to 
the selection of vinyl screen 
printing colors nor is there for 
any of the multitude of other 
plastic surfaces. 

It is strongly recommended, 
therefore, that each type of plastic 
be tested with the screen printing 
material intended for use upon it 
and, further, that batches of sup- 
posedly identical sheetings from 
the same manufacturer be simi- 
larly tested. Tolerances do vary 
and maximum and minimum 
limitations sometimes can make 
considerable differences in the 
adhesion, drying, or durability of 
the applied color film. The dollar 
value of the screen printed color 
is inconsequential compared to 
that of the plastic, but improper 
selection and use of color can be 
the direct cause of major losses, 
particularly if components are in 
final stages of fabrication. 

The color manufacturer has 
available to him a complete se- 
lection of pigments from which he 
can select those with the dura- 
bility, light-fastness, and non- 
bleeding characteristics needed 
for plastics use. Color matching 
at the point of manufacture can 
best utilize those pigments. 

Two further suggestions are in 
order which should be of con- 
siderable value to anyone decorat 
ing plastics: 1) In addition to 
thorough testing procedure, colors 
must be used according to the 
manufacturers’ recommendatior 

2) Color manufacturers a 
screen process supply houses « ¢ 
available to furnish the consid 
able specific technical knowle< 
they have accumulated. 


FABRICATING AND FINISH 





E=€ Sa EC “ your Decorating job 


for Lower Cost 


We are able to do each part by 
the process that’s best, because 


We have them all— 


Spray Painting with Masking 


Contact Filling 


Mechanical Wiping 


Screen Painting 


Roller Coating 


Rotation of the part, used 
on the Fin-E-Co Roto- 
Svrayer, is efficient for 
decorating a wide variety 
of parts. 


Oscillating Guns, 
Swinging Guns and 
Reciprocating Guns 
are used on other Fin- 
E-Co machines. 


In addition to all types of painting machines, the 
Fin-E-Co line includes— 


Painting Fixtures 


Roller Coaters 


Screen Painting Equipment 


Spray Masks 
Mask Washers 


Vacuum Plating Racks 
Paint Wiping Machines 





FIND OUT if you can make big savings 
with better tooling— as these did: 


Production up from 55 to 300 per man-hour, applying 
3 colors very accurately. Saving 83% of previous deco- 
rating cost, with Fin-E-Co RotoSprayer. 

Another saving with same machine— 


45 parts per man-hour raised to 320, by combining two 
paint operations, and better tooling throughout. 


343% bigger production— 70 increased to 240 per 
man-hour, spraying large projector housings with special 
machine we designed for the job. 


Striping 5,000 parts an hour instead of 700 with the 
previous tooling, using a special Fin-E-Co Roller Coater. 


And MANY MORE 
Maybe you can make as big a gain, using— 
STANDARD FIN-E-CO equipment. You'll see such 
a variety of decorating techniques you can use with stand- 
ard Fin-E-Co machines, that one of these may be just 
right. See the Fin-E-Co catalog. 
SPECIAL FIN-E-CO machine may be most economi- 


Hundreds of SPECIALS 


Here are just two examples 


cal. For long runs, it sometimes pays to develop new 


of how our engineering has 
solved hundreds of unusual 
problems 


Special machine that stripes 
a box-shaped part in several 
planes. 


Painting machine 
with multiple-spin- 
dle riser rods. 


mechanical features, combining with the sound basic 
techniques we have perfected in our standard machines. 


Hundreds of such Fin-E-Co specials have been de- 
signed and built— erery one with definitely guaranteed 
production. 





Send us a sample part, or drawings. Get our suggestion 
for the most efficient decorating— cost of tooling— and 
definite guarantee of production that you will get. 

No charge for this. The engineering service given our 


customers has been an important facior in our company’s 
growth. 


FINISH ENGINEERING CO., Inc. 
921 Greengarden Road, Erie, Pa., Ph. GL 5-4478 














HEAT SEAL ° AUTOMATED | 


Delrin, Nylon :Printing on Objects 


Polyethylene, Polypropylene ° UP te 5 in. Thick, 12 in. Wide 
All Thermoplastic Materials 4,000 to 30,000 Pieces an Hour 
Seal up to 2,500 pieces an hour, avuto- lL 2, or 3 Colors Simultaneously 


matically without adhesives. A permanent The Cosomatic Rotary Printer prints open 
seal for parts and products of all thermo- end containers and similar pieces at 
plastic materials, of widely varying shopes 4,000 pieces an hour. Openings may 
and sizes. be straight, tapered, flared, flanged, 
COSOMATIC SEALERS ; Flexographic inks only. Flat bed printing 
with letterpress or Flexographic inks. 
30,000 pieces an hour on some jobs. 
Objects may be up to 5 in. thick ond 
Flat Bed Printer 12 in. wide, in widely varying sizes 
for Flexographic Inks and shapes. 
COSOMATIC PRINTERS 4" jpecislined fer obiccts only. 
High Speed As 
Automated 
Rotary 


ooo0o0o0oooo—oooCoCoCoooo0c 
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Vertical, Standard, Rotary with or without 
Automatic Feed: all Cosomatic Sealing 
Machines have been thoroughly proved to 
attain high production at low cost. 


0° 


VERTICAL 

SEALER 
STANDARD 
SEALER 

ROTARY 

SEALER 

WITH 

AUTOMATIC 

FEED 


,OO000 


Printer 
High Speed 
Automated 
Fiat Bed 
Printer 
Send Part or Drawing for Sealing or Printing. We will analyze and make recommendations. 


COSOM CORPORATION 


DEPT. E, 6030 WAYZATA BLVD., MINNEAPOLIS 16, MINN. 
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‘PLASTIC 


Fretl ually MARKING 
/ 


right in your own shop...with high 
precision Kingsley Machines—Hand 
or Air Operated. 


Send a sample 

or description of 
parts to be marked 
for complete details, 
or write for free 
literature. 


PRECISION PLASTIC BALLS 
1000 stampings 


or more per hour ACE is one of America’s leading mass producers of seam!ess plastic 
balls for almost every commercial and industrial use. M st plastics 
Write for Details including nylon and teflon. Complete range of sizes, 

, a. — colors and tolerances. Small runs or large runs. Huge 
K i he ag 5 L EY | Machives— lis ror a i vd \o 8 7 " 
: lists and handy new selection chart. 


stocks for immediate delivery. Quick, low-cost service 
Seenee. Holywood 38. Caltiornia ACE PLASTIC COMPANY 91-50 VAN WwYCK EXPWy -JAMAIC 4 38 n¥. 
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Four Sequence photos illustrate the fol- ie oS Pgs 
lowing: 1) Loading mask into fixture. > “eo 
2) Placing part in mask. 3) Closed fix- . tifte 
ture — Actuate air cylinder. 4) Fixture, Bs 
mask and port in spray position. < 
OUR spray mask finishing problem from blue print to com- 
plete production tooling — We serve in the following capacity: 
ONSULTANTS for proper parts design to achieve lower cost and 
efficiency in your finishing department. ENGINEERS for the 
ost modern methods of production spray mask painting tech- 
iques. DESIGNERS of spray masks, jigs, and fixtures, mechanical 
d air-operated. MANUFACTURERS of nickel electro-formed 
roy masks, jigs, and fixtures. 
. D 
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MOST MODERN FACILITIES 


COMPLETE line of automatic equipment for your finishing re- 
quirements — Automatic Spray Mask Painting Equipment — 
Automatic Spray Mask Washing Equipment. Air operated for 
greater efficiency and flexibility of arrangement in your finishing 
department. Submit your print or part for production estimate at 


no charge or obligation. 


STANDARD MODELS 


AUTOMATIC SPRAY-MASK WASHING UNITS 


, JRE 
reat le 





MODEL W-54-M MODEL W-54-V 





grilles. 





Two-tone air conditioning grille — mask 
and tixture adaptable to various size 








“Thierica” for 





ELECTRO-NICKEL 
SPRAY MASKS 
FIXTURES 

AND JIGS - 


Bis under the same roof to pro- 
vide a complete and coordinated advisory 
and manufacturing service for your finishing 
problems from the blue print stage through 
planning, manufacturing and tooling. 


We welcome every oppor- 
tunity to work with you in an 


advisory capacity. There is no 


obligation. 


“Sepanski” for 





A oa. 
MODE, RD 


BS-6%4 


AUTOMATIC 
SPRAY MASK 
FINISHING 
SYSTEMS and 
SPRAY MASK 
WASHERS 


AUTOMA Ti ¢ 


SP 
PAINTiNg A umask 
E 


Your < MOst of 

ti o'Ating 

this 4j,°"* Within 
ens on, 








STANDARD MODEL 5-M 


Complete versotility for 
almost any small parts 

Available in 6 spray- 
gun combinations (station- 
ary and up to 4 oscillat- 
ing guns). 

Other features available 
for special applications 


Metallizers= ™, 
You *, 
name it! 


General Electric 
has the material 
and style you need 
to get the most 
shots per dollar ! 


What'll it be? Regular strand? Open strand? Aluminum 
core strand? Vertical coil? Basket coil? Horizontal coil? 
General Electric makes them all—with “LG” 
Grain) Tungsten. 


(Long 


By using the right combination of “LG” wire type and 


‘ 


coil style, you'll get more “shots per dollar” . . 


production per dollar 


. More 


quality Many metallizers have 
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gained these advantages for years by using G-E materials 
If you haven’t tried them, why not do so today? 
Whether you need finished coils or wire to form your 
own coils, a call to Ed Wick at Kenmore 1-5050 in Cleve- 
land will bring you quick answers, prompt delivery oF 
technical help. Ask him, too, for our free booklet, “How 
Tungsten Is Used In Vacuum Metallizing”. Or write 
General Electric Co., Lamp Metals and Components 
Dept. MPE-19, 21800 Tungsten Road, Cleveland !7, Ohio 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 





ra BALLS@ For Precision Hot Stamping 
UNLIMITED AIR OPERATED 


FOR UNLIMITED APPLICATIONS DIRECT THRUST 
IN FIELDS UNLIMITED 


ACRYLICS, CELLULOSICS, POLYSTYRENE, 
(eran, W000, STYROFOAM®, $= WEBER PRESSES 
LEXAN®, woop, STYROFOAM®. I 


— 
a _———————1. Weber—the first name in pneumatic hot stamping ma- 


{ NON METALLIC BALLS are used for a chines—makes the only* foil leaf marking presses with air 


gicat variety of things such as check We make balls operated direct thrust. The construction of Weber Presses 
yalves, ball bearings, rollers, detents, for all Roll-on with ... 
eic., os well as many uses in the chemical 


es : NO CAMS NO TOGGLES 

field. If you have a need, we ~ eres Be guarantees consistent, dependable results regardless of 
equipped to uae balls from 1/16 aes we minor variations in molded or vacuum formed parts. 

a = ” 2 ye ig agenp te ye is the answer to Leading Molders use Weber Hot Stamping Presses with 
roterials rn fn — your problem, type, or flat or curved dies, for flat, curved and irregular 
pager re we are at your surfaces. Die areas to fit all requirements. 


drical shapes formed from round rods and service. : : 
tubes for all types of applications. Range of Model T-PEA Twin cylin- 
sizes is from Ye" to 1” diameter and up to der pneumatic electroair op- 


7” ton We hold toler f .002 i 
\ mt "ont 005 on ak, die or - G< —- J Rag hay? x 
able table height. Manual, 


meumatic, or electroair feed. 
If a plastic ball will make it better. . . direct thrust. Em- 


ORANGE can make it best! PLASTIC BALL DIVISION | bosses too. 
ORANGE PRODUCTS, wc. 


554 MITCHELL ST., ORANGE, NEW JERSEY 
Model H-EAI Popular pneumatic 


COCCOCOOOOSOESOEOOOEOESESSOOOOEOOOOEEEEO®S electroair press for light parts of 


plastics or other materials. Index 
HOW TO ENGRAVE PANELS and SIGNS model for knobs or similar pieces. 
TO 30” WIDE by any length... 


Platform model for flat or irregular 
use the LOW COST 
































shapes. Also, 4-post direct thrust 
model for larger parts. 


precision built 


PREIS-PANTO 
2D-4 
ENGRAVING 
MACHINE 


It does the work of 
larger machines, 
costing much more. 


¢ Pantograph is graduated with reductions from 1:1 
to 100:1 and will reduce to any size to infinity 
P. : ‘ zs k ; Model 6-EA. For marking large parts, either molded 
© Fantograph and Spindle link joints equipped with or vacuum formed. Built in all widths and depths 
precision ball bearings throughout a ny limit on = or depth beewenn, =. 
e met : : Weber four-post open frame construction and direct 
Precision ball bearing cutter spindle thrust air operation assure precision decorating even 
® Collet capacity from 1/10” to 1/4” und standard when parts are not uniform. 


taper shank cutters These are a few of many Weber Press constructions. 


© Six spindl ai Write today, including a sample part or drawing, and pro- 
1 pes spouts 5,000 to 16.808 rpm duction requirements. Remember, every piece of Weber 

¢ All feed-screw dials graduated in .001” Hot Stamping Equipment is guaranteed as to quality and 

® Quick action drill attachment available performance. 

TRADE » *all presses fluid operated with air feeds covered by U.S. Patents 


Ki Ni T y For mactee cattention navy F nse Li below 


ems Weber Hot Stamping Equipment Co. 





PREIS ENGRAVING MACHINE CO. 


646 U.S. Highway 22, Hillside, N. J. 








HASTINGS 


a complete line of 
roll teaf for hot 
press stamping 


Hastings — America’s oldest manufac- 
turers of leaf and foil — offers a 
complete line of Genuine Gold Roll Leaf, 
a full range of Bright Imitation Gold 
and Aluminum Foil, and the industry's 
most complete line of standard and 
special Pigment Colors, both gloss 
and flat finish. 


YOUR PROGLEMS ARE OUR 
BUSINESS 


With three generations of experi- 
ence, Hastings will give your foil 
problems full and prompt atten- 
tion. We specialize in working out 
special colors and formulations for 
trouble-free hot stamping on any 
plastic. 


WRITE FOR FREE SAMPLES 


Generous working samples are 
yours for the asking. Try them 
on your own equipment under 
actual production conditions. 
Use the coupon or write, giving 

full information so we can 

send you correct sample. 


HASTINGS 
@ co., INC. 


2314 Market Street, Phita. 1, Pa. 


Send__ inch wide samples of ___ 
(colors 
to be stamped on 


(Please specify exact type of plastic) 





Name of press hentetetnsnenttitinns si 
air, [] mechanical, [] hand operated 
automatic, | brass die, [| rubber die 
fine lines & letters, [] solids, [] both 


Back (2nd surface) stamping ] yes, [| no 


NAME — TITLE —__ 


FIRM NAME 





ADDRESS ——__—_ 





ciry —— 


- ~ ZONE —____ STATE 


PLASTIC HANDLE 
SPECIALISTS 


Screw Driver and Chisel Handles, 
Knobs and Plastic Turnings 
of all Kinds. 


Samples and quotations 
submitted from your blue 
prints, sketch or diagram, 
We design. develop and pro- 
duce plastic handles to your 
requirements. Every han- 

dle is guaranteed against 
perme breakage in the field and is 
inquicies fabricated of U.L. approved 
material. Plastic rod stock 
available 2Q” to 2” diam- 

eter. 





Quick, easy way 
to fill-in designs 
or markings 
with permanent 
color 


Easily applied at the point most convenient 
in the manufacturing process. 

Fill-in expands and contracts with the pot 
and can be subjected to temperatures as high 
as 500°F. 

Paint in stick form, semi-solidified for quick, 
convenient use .. hardens and becomes 
permanent. 
Requires no special skill or equipment. 
Cannot spatter or get on other parts or 
materials. 

Will not rub off or smear when handled after 
application 

Conforms to government specifications of the 
Army, Navy, Air Force, Federal and Military 
Branches; i.e. 71-4944, 51-70-1, Mil. 20.22, 
Mil, P. 12011. 


For research and recommendations as to type and color best 
suited for your needs, send sample parts for testing. Ports 
will be returned with rec dation. No obligation for 
this service 





Your choice of a variety of rich colors 
Write on company letterhead for sample 


4 LAKE CHEMICAL CO. 





3087 W. Carroll Ave., Chicago 12, !II 








At Andover Plastics... 
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«Backed by nearly a quarter-century of 


experience, our large, modern plastics 
plant is geared to produce and deco 
rate all types of injection-molded plas 
tic parts to meet your production 
schedules 


With 12 molding presses from 6 to 100 
ounces, 4 vacuum-plating machines 
capable of large volume production in 
both piece size and quantity, spray 
booths, fully automatic conveyor sys 
tems, and hot foil and stamping equip 
ment in all sizes, Andover offers the 
experience of 25 years as a leading 


custom injection molder 


Pioneer in both top-surface and rear 
surface metallizing. Andover uses the 
latest vacuum-plating equipment to ap 
ply uniform metallic coatings, Organic 
finishes are applied by automatic and 


semi-automatic spray equipment 


ANDOVER INDUSTRIES, INC. 





Finish Plastic Products 


AUTOMATICALLY —With 
Either One or Both of These 


NASH 


Rotary Finishers 





Flash Lathe 
No. 103 


Sn «autemotic §=— muti- 
oindle Rotary Finisher 
thot performs ALL these 
operations: 


®@ DE-FLASHES 
© BUFFS 
® POLISHES 
©® ABRADES 
® GROOVES 
© TRIMS © CRIMPS 


5 


GEISSEL Continuous strip hinges 
applied with GEISSEL automatic 
high speed attaching machine 


ATTACH TWO HINGES PER Box 
AT RATE OF OVER 800/HR 


Hinge for 
Paper or Wood 


103 Styles for 

Plastic Boxes, Paper Boxes, Cigar 
Boxes, Key Cases, Record Cases, 
Toy Boxes, Jewelry Boxes, Ete. 


Large number to fit every type of box. Available in assorted finishes, 
Continuous strip hinges can be supplied with 90° stop or full acting. 


SEND SAMPLE OF YOUR BOX FOR FREE 
INSTALLATION OF A GEISSEL HINGE & CATCH 


GEISSEL MANUFACTURING CO., INC 
207 CENTRAL AVENUE HILLSIDE, NEW JERSEY 
SUPPLIERS OF CONTINUOUS STRIP 


HINGES FOR OVER 30 YEARS T0 
HELP REDUCE PACKAGING COSTS. 


“C” Spring 
Hinge for 
Plastic Boxes 


! 


| 
| 
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Accommodates circular 
moldings up te 44" in 
diameter, 8” in height. 
Continveuys and inter- 
mittent operation. 











wo~ NOTICE -m 


PLASTICS PROPERTIES CHM 


for 1962 now available in limited q 


Remove 
FLASH 


Faster... 


From Melamine 
Dinner Ware 


ROTARY EDGER No. 116 


Perfect finish—12 to 36 pieces per 


Don’t wait! Now’s the time to order ext 
copies of our up-to-date PLASTICS PROP 
ERTIES CHARTS. 

Color-coded for easier reading, these wall- 

is te 3 sized charts (45” x 28’) list essential data @ 

oo geglll Mh ll Os Gane the physical, chemical, thermal, e! 
finished by final buffing bell, and molding characteristics of all commer 
cially available thermoplastics and therm 
setting plastics. i 

These are the very same authoritative 
charts that appear in the 1962 Modern Pla® 
tics Encyclopedia—yet both charts 
setting and thermoplastics) cost on 
Bulk rates upon request. Write to & 
Dept., Industrial Magazine Service 
iate of Breskin Publications), 770 1 -xingtom 
Avenue, New York 21, N.Y. 


ee 








WRITE for complete Bulletins covering NASH 
No. 193 Flash Lathe and No. 116 Rotary 


J. M. NASH 


Company, Incorporated 


129 Jackson Street, Oshkosh, Wis. 








364,000 


MAN HOURS PER YEAR DEVOTED TO THE DESIGN 
AND MANUFACTURE OF PRECISION PRINTED AND 
FABRICATED PLASTIC PRODUCTS FOR DISPLAY 
IDENTIFICATION AND PROMOTION. 








FRANKFURTE 





Pioneer in Plastics since 1893, Hopp has been known as the leader in the field, responsible for 
developing unique methods of plastic printing, laminating, injection molding and fabricating. Well 
over a half century of experience, research and advancement. 


For samples or services of a sales engineer, write on company letterhead to Dept. E, 


HOPP.PLASTICS, °;7 | 


division of The Hopp Press, Inc. | PLastics 
461 West 34th Street, New York 1, N. Y. 





This pitcher is worth a thousand words 


Back of this illustration is the story of an 1854 chemical dis- 


covery which did not find commercial use until 1939. Now, 


22 years and five technical revolutions later, melamine has 
become a plastic of hitherto undreamed of utility and 
beauty. Just this Spring, a method was perfected for using 
a new form of decorative “foil” that permits beautiful deco- 
rative patterns to be enduringly molded—not only on flat o: 
gently curved surfaces, but on deep-draw and compound 
curved ash trays, pitchers, beer mugs, dial knobs and a 
host of industrial products. 
The implications of this breakthrough are tr: 
mendous. Melamine molding powder, with 
1960 sales of about 60 million pounds, wi!) 
probably top 100 million within three years. 
Decorated melamine tableware (now account- 
ing for 80% of melamine tableware sales) 
will be 20% greater this year than last. Add 
industrial applications and you get some 


idea of what's ahead in plastics. For melamine 


836 


is just one of the more than 25 basic plastics that accounted 
for last year’s 5%-billion-pound production record. 

No wonder the makers of tools, dies, motors 
machines, and equipment needed to make, 
mold and finish plastics are seeking a share 

of this mushrooming market. They reach it 
~ through MODERN PLASTICS-the dominant 
magazine in the field, with more editorial matter 
more paid subscribers and more advertising 
than all other plastics publications com- 
bined. Get the complete market—media pic- 
ture. Write our nearest office for your copy of 
the MODERN PLASTICS Market and Media Data Fil 


MODERN PLASTICS 
A Breskin Publication—Authority of the Field for 35 Yeas QD 


Offices: New York, 770 Lexington Ave.; Clevela 3537 “ 
Rd.; Chicago, 620 N. Michigan Ave.; Los Angel Gose wi 
shire Blvd.; Atlanta, 1722 Rhodes Haverty !)'<é. 
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[HOW TO WELD PLASTICS 




















QUICKLY 
SAFELY 
ECONOMICALLY 


Muitue 


and EXCLUSIVE 
formulations for 


plastic products ... 


with a high-speed, auto-feed 
Randolph experience and research have created spray 
lacquer coatings equal to every problem presented by the 


plastic surface. Particularly, adhesion and the tendency to SEELYE ELECTRIC PLASTIC WELDER 


craze. Butt welds...lap welds... curved 
Small wonder then that manufacturers of plastic prod- : welds ...as pictured in border, are 

vets turn to Randolph for finishes that work miracles in easy to make with the Seelye Elec- 
decorative color contrasts. Each coating is @ special cre- tric Plastic Welder, It welds most 
ation—the uniquely and exclusively right coating. it is proved thermoplastics, including plasti- 
so by Randolph's technical skill, meticulous testing and actual ieed vievi tank fein rect feed tip (%" red), 
performance—and by the powerful new lift it gives to your pa —- - gs, ul plastt two 400 watt ele- 
cized rigid polyvinyl chloride and ments, #4 round tip 


sales results. 

polyethylene. Speeds average 48” Needs 1 10 volt A.C. 
per minute on simple flat or curved See ek 
surfaces, Temperature choice. 14°; weight 14 oz 
Gvaranteedquality 





Model PVS Welder 
Welder, |0’ airhose 
with valve, 10’ cord, 
#9 auto-feed tip 
(Ye " rod), #10 auto- 


Other good reasons for using Randolph coatings for 
plastic are — availability in a rainbow-bright variety of 
colors, and prompt delivery. 

If you're fretted by a plastic coating problem—OR 


ANY FINISHING PROBLEM—let Randolph's technicians help 
you. Write us today! 








Write for Literature and Prices 


SEELYE PLASTIC-FAB, INC. 


986 CENTRAL AVE. MINNEAPOLIS 13, MINN. 
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For the striking first impression... 
® 


GLITTER FOIL) 


Simulated Gold 


Acetate 

Acrylic 

Butyrate 

Lucite 

Nylon 

Pyroxylin 

Vinyl 

Polyethylene —____»- 
~* Polystyrene 


Preferred by more plastic molders and stampers for marking and decorating because... 


GLITTERFOIL compels buyer at- 
tention, adds proven dollar value, 
gives products a real competitive edge. 


GLITTERFOIL releases cleanly in 
mass-production runs. Fine lines come 
arp and clear, panel stampings 

.00th and uniform. Wiping or 

eady adjustments are mini- 


GLITTERFOIL retains color stabil- 
ity, resists corrosion by light, heat, 
inks and most chemicals. 


GLITTERFOIL is consistent in ship- 
ment after shipment, month after 
month. 


GLITTERFOIL costs no more than 
ordinary simulated gold products. 


Send for free samples of GLITTER- 
FOIL to hot stamp on your product. 
Compare it with other golds. Compare 
it with other decorating processes. 


We think you'll agree, GLITTERFOIL 
adds the finishing touch to that all- 
important first impression. 





And Now .. . for Polypropylene 


GLITTER GOLD 
A New Genuine Gold Formulation 
Send for samples 


M. SWIFT & SONS, INC. 


Established 1887 
TEN LOVE LANE ~ HARTFORD, CONN. 


ORK ° LOS ANGELES . 











CHICAGO . ST. LOUIS . COLUMBUS, O. MONTREAL . BRUSSELS, BELGIUM 





VACHINERY 
Ss EQUIPMENT 


Equipment for injection molding 

Equipment for extrusion 

Equipment for compression and transfer molding 
Equipment for blow molding 

Equipment for thermoforming 

Equipment for size reduction 

Equipment for coating 

Equipment for calendering 

Equipment for electronic heat-sealing 
Equipment for automatic mixing and metering 
of reactive resin systems 

Temperature measurement and control 
Equipment for laminating 

Equipment for mold making 

Equipment for cooling water conservation 
Equipment for molding expandable polystyrene 
Adjustable speed drives 

Equipment for loading and drying 

Equipment for preforming thermosets 


Equipment for fabricating urethane foams 





ADVERTIS| 
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(USTINGS DO NOT NECESSARILY COVER ENTIRE LINES OF ADVERTISERS NOR ALL PRODUCERS IN EACH CATEGORY.) 


ACCESSORY EQUIPMENT FOR: 
B—Blow Molding 

£—Extrusion 

| Injection Molding 

Adco Engineering & Mfg. Co., Inc. 


(E) 
Akron Extruders (E) 
Beringer C. J., Co., Inc. (E) . 
Cumberland Engineering Co., Inc. 


Dynisco (E) 

Egan, Frank W., & Company 
(E) 

Farrel-Birmingham Company, Inc. 
() 

Foster & Allen, Inc. (E) 

Glenn Electric Heater Corporation 
(I) 

Goulding Mfg. Co. (B, E) 

Industrial Heater Co., Inc. (E) .. 

Industrial Mfg. Corp. (I) 

Injection Molders Supply Co., Inc. 
(I) 


(E) 

Killion Tool & Mfg. Co. (E) 

Lynch Corporation (B, E,I) .. 

Mayer Refrigerating Engineers, 
Inc. (B, E) 

Mitsui & Co., Ltd. (E, I) 

Mokon Div., Protective 
Closures Co., Inc. (I) 

National Rubber Machinery 
Company (E) 

Rotherm Engineering Company, 
Inc. (B) 

—.". Manufacturing Corp. 

) 

Thermel, Inc. (E, I) 

Thermo Electric Co., Inc. (E) . 

Watlow Electric Manufacturing _ 
Co, (E, I) 888 

Werner & Pfleiderer Corp. (E) 1002, 1003 

ACCUMULATORS 

Miller Fluid Power 

AIR COMPRESSORS 


Mico Instrume nt Com 
pany 
ALLOYS 


Cerro Sales Corporation 
ANTI-STATIC EQUIPMENT 
Simeo Company, The 
ARBOR PRESSES 
Dake Corpo 
AUTOCLA\ 
moon United Company ... 950, 951 
wtex Mfc Corp. ......0.cese0e 1010 
Reliable Ri r & Plastic 
Machiner eee ee 1000 
BAG MAK “MACHINES 
Hamac-Ha 1 Maschinen GmbH 843 
‘orporation .... 855-858 


870, 871 


y & Mfg. Co., Inc. oo 
‘ Corp., The ...... 


Foremost Machine Builders, Inc. . 979 
Goulding Mfg. Co. ............... 851 
Rainville Co., Inc., The 
881 

BLOW MOLDING EQUIPMENT (see 

Processing Machines & Equipment) 
BOLLERS & FURNACES 
Despatch Oven Co. ............... 1000 
Pantex Mfg. Corp. 
Orr & Sembower, Inc. ............ 1009 
BOOSTERS 
Miller Fluid Power 
BURNER SYSTEMS 
Orr & Sembower, Inc. 
CALENDERS 
Adamson United Company . 
Farrel-Birmingham ‘Company, 

Inc, 
Liberty Machine Co., Inc: Sa a 
Kleinewefers, Joh. Sohne 


950, 951 


Stewart Bolling & Company, Inc. .. 
CENTERLESS FORM GRINDERS 
Gielen Cae Tie. ocak bas ck i ieee. 1036 
COATERS AND IMPREGNATORS 
Black-Clawson, Dilts Div. ........ 
Blue, E. B., Company 
Farrel-Birmingham Company, 

DRGs is Fike cicey> cena s 866, 867, 1005 
Industrial Ovens, Inc. ............ 876 
Liberty Machine Co., Inc. ....... 976 
Waldron-Hartig 
Zimmer Plastic GmbH 
COLOR CONTROL EQUIPMENT 
Instrument Development 

Laboratories, Inc. .............. 934 
COMPRESSION MOLDING PRESSES 

(see Processing Machines & Equip- 

merit) 

CONTROLS AND CONTROLLERS 
Acme Machinery & Mfg. Co., Inc. 946 
Alnor Instrument Co. ............ 878 
Barber-Colman Company, 
Wheelco Industrial Instruments 
Div. 
Black-Clawson, Dilts Div. 
Brabender, C. W., Instruments ... 
Custom Scientific Instruments, Inc. 998 
Dynisco 
Industrial Mfg. Corp. ............ 1010 
Mokon Div., Protective Closures 

Co., Ine. 
URED FRU 5 icp aedicds 64 nk ie see's 969 
Super-Trol Manufacturing Corp. . 966 
Taylor Instrument Companies 970, 971 
Thermo Electric Co., Inc. 963 
West Instrument Corporation .... 
CONVEYORS AND SYSTEMS 
Blue, E. B., Company 
Falls Engineering and Machine 

Co., The 


Equipment 


M-H Standard Corporation 
Whitlock Associates Inc. ......... 1036 
COOLING DEVICES, TRAINS AND 
SYSTEMS 
Acme Machinery & Mfg. Co., Inc. 946 
Application Engineering Corp. ... 925 
Egan, Frank W., & Company . 874, 875 
Lynch Corporation 
Mayer Refrigerating Engineers, 
Inc. 
National Rubber Machinery Co. 952, 953 
CURING EQUIPMENT 
Adamson United Company ... 950, 951 
Gurey Manufacturing Co. ........ 939 
CUTOFF MACHINES (see Shears, 
Cutters, and Saws) 
CYLINDERS 
Adco Engineering & Mfg. Co., Inc. 945 
Cylinders Mfg. Co. .............. 887 
Miller Fluid Power 
DIE CUTTING AND SINKING 
MACHINES & PRESSES 
Dake Corporation 
Danly Machine Specialties, Inc. . 
Hobbs Manufacturing Co. .:...... 
Ormont Machine Co., Inc. ........ 1008 
Tronomatic Corporation 
DIES 
Akron Extruders 
Danly Machine Specialties, Inc. ... 
Faeco Machine Co., Inc. .......... 
Getty Machime and Mold Inc. .... 
Goulding Mfg. Co. ..........+0+5 
Johnson Manufacturing Co., Inc. . 961 
Lyneh Corporation 870, 871 
National Rubber Machinery Co. 952, 953 
Producto Machine Company, The 859 
Thermoplastic Equipment 
Corporation 
Waldron-Hartig 
DRUM TUMBLERS 
Ball & Jewell, Inc. ............... 863 
Injection Molders Supply Co., Inc. 959 
U. S. Stoneware 
EMBOSSING MACHINES 
Atlas Hydraulies Division 
Faeco Machine Co., Inc: 
Farrel-Birmingham Company, 
Ns ecnckn bah ark Sh Lainees 866, 867, 4 
Lembo Machine Works, Inc. 
Liberty Machine Co. Inc. ........ 76 
Mitsui & Co., Ltd. 
Waldron-Hartig 
Wood, R. D., Company 
ENGRAVING MACHINERY & 


Glenn Electric Heater Corporation 937 
Industrial Research Laboratories . 1027 


EXTRUDER SCREENS 


continued on next page 





Machinery 





ADVERTISERS INDEX 





EXTRUSION SCREWS 
Johnson Manufacturing Co., | 
EXTRUSION SYSTEMS 
Lynch Corporation 

Modern Plastic Machinery 

Pe fe EN 1006, 1007 
National Rubber Machy. Co. .. 
Rainville Co., Inc. The ....... 
Reifenhauser KG. 

Royal, John, & Sons 

Welding Engineers, Inc. 

FILLING EQUIPMENT 

Blue, E. B., Company 

Foremost Machine Builders, Inc. . 
Hull Corp. 920 
FILM COATING MACHINES AND 

SYSTEMS 
Getty Machine and Mold Inc. ... 
Industrial Ovens, Inc. 

Johnson Manufacturing Co., Inc. . 
Modern Plastic Machy. Corp. 1006, 1007 
FILM TREATING EQUIPMENT 

Getty Machine and Mold Inc. .... 918 
Goulding Mfg. Co. ............... 851 
Lynch Corporation 870, 871 
Marshall and Williams Corporation 890 
Mitsui & Co., Ltd. 997 
Modern Plastic Machy. Corp. 1006, 1007 
National Rubber Machy. Co. .. 952, 953 
FILTERS 

Marvel Engineering Company .... 1023 
FINISHING EQUIPMENT 

Cratex Manufacturing Co., Inc. ... 998 
Egan, Frank W., & Company .. 874, 875 
Engis Equipment Company 

Goulding Mfg. Co. .......... 

Mico Instrument Company ...... 
Wood, R. D., Company 

FOAM EQUIPMENT (see Processing 

Machinery & Equipment) 
GRANULATORS, GRINDERS, 

PELLETIZERS 
Acme Machinery & Mfg. Co., Inc. 946 
Alsteele Eng. Works, Inc. ........ 891 
American Pulverizer Company .. 943 
Ball & Jewell, Inc. 863 
Cumberland Engineering Co., Inc. 1031 
Farrel-Birmingham Company, 

Mie a deaiedbievedees fos 866, 867, 1005 
Foremost Machine Builders, Inc. . 979 
Injection Molders Supply Co. Inc. 959 
Ormont Machine Co., Inc. ........ 1008 
Taylor, Stiles & Company ........ 940 
HEAT SEALERS 
Comet Industries .... ioe. ae 
Cosmos Electronic Machine Corp. 1015 
Guild Electronics, Inc. .......... 887 
Kabar Manufacturing Corporation 998 
Mayflower Electronic Devices Inc. 964 
Rainville Co., Inc., The 
Reeve Electronics Inc. ............ 933 
Sealomatic Electronics Corporation 852 
Thermatron Electronics Div. of 

Willcox & Gibbs ........ . 986 
Vertrod Corp. Sey 
Weldotron Corporation .......... 1037 
HEATING AND COOLING UNITS 
First Machinery Corp., The 848 
Industrial Heater Co., Inc. ........ 
Injection Molders Supply Co., Inc. 959 
Lynch Corporation 
Lydon Bros., Inc. ...... PO 
i 
Thermel, Inc. 

Watlow Electric Manufacturing Co. 888 
HEATING CYLINDERS 
First Machinery Corp., The 


Glenn Electric Heater Corporation 937 

Injection Molders Supply Co., Inc. 959 

Thermel, Inc. 889 

Watlow Electric Manufacturing Co. 888 

HEATING ELEMENTS 

First Machinery Corp., The 848 

Glenn Electric Heater Corporation 

Industrial Heater Co., Inc. 

, Ter 889 

HOPPER DRYERS 

Ball & Jewell, Inc. ............:. 863 

ome ee GOR ok s.caisioiec occee. 851 

Johnson Manufacturing Co.,Inc.. 961 

National Rubber Machy Co. .. 952, 953 

Rainville Co., Inc., The 

Thoreson-McCosh, Inc. ........... 1041 

Whitlock Associates Inc. ......... 1036 

HOPPER LOADERS 

Rainville Co., Inc., The 

Thoreson-McCosh, Inc. ........... 1041 

HYDRAULIC PRESSES (see Proces- 
sing Machinery & Equipment) 

INJECTION MOLDING MACHINES 
(see Processing Machinery & Equip- 
ment) 

LABORATORY PRESSES 

Adamson United Company. .. 

Atlas Hydraulics Division 

Carver, Fred S., Inc. 

Clifton Hydraulic Press Co. ...... 1004 

Hull Corp. 

Stewart Bolling & Company, Inc. . 

Wayne Machine and Die Company 1041 

LAMINATING PRESSES AND 

EQUIPMENT 
Atlas Hydraulics Division 
Black-Clawson, Dilts Div. 

Carver, Pred &., Ene. ..c..ccccccee 1013 
Clifton Hydraulic Press Co. ...... 1004 
Danly Machine Specialties, Inc. .. 932 
Erie Engine & Mfg. Co. .......... 887 
Faeco Machine Co., Inc. 

Karlton Machinery Corporation .. 
Lembo Machine Works, Inc. 

Liberty Machine Co. Inc. ......... 
Mitsui & Co., Ltd. 

Modern Plastic Machy Corp. 1006, 1007 
Williams-White & Co. ........... 1010 
Wood, R. D., Company 
MARKING DEVICES 

Mico Instrument Company . 
Rainville Co., Inc., The 
MATERIAL HANDLING EQUIP- 

MENT 
Foremost Machine Builders, Inc. . 979 
METERING, MIXING, DISPERSING 

EQUIPMENT 
Automatic Process Control, Inc. .. 960 
Beardsley & Piper 
Hardman, H. V., Co., Inc. ........ 
ET tee hds cedatenaseass leet 920 
Sta-Warm Electric Co. 

MILLS 

en Sonic wewsis ae 917 
Adamson United Company .... 950, 951 
Entoleter Inc. 

First Machinery Corp., The 
Farrel-Birmingham Company, 

I ane ae a digeduus dae 866, 867, 1005 
Getty Machine and Mold Inc. 918 
._.. aay 1034, 1035 
Reliable Rubber & Plastic 

Machinery Co., Inc. ............ 1000 
Stewart Bolling & Company, Inc. . 
Thropp, Wm. R., & Sons 
U. S. Stoneware 
MIXERS 
Abbe, Paul O., Inc. 


adie ey 1018 


continued from page 839 


Danson, Barnett J., & Assoc., Lid. 9 
Farrel-Birmingham Company, 

ING. soc cccevesserecores 866, 867, 1005 
First Machinery Corp., The ....., 9 
i aa 920 
Kleinewefers, Joh., Sohne ...... 9994 
Reliable Rubber & Plastic 

Machinery Co., Inc. ..........., 1000 
Sta-Warm Electric Co. 964 
Stewart Bolling & Company, Ine. . 988 
Werner & Pfleiderer Corp. .. 1002, 1003 
MOLD MAKING EQUIPMENT 
Engis Equipment Company ...... 10% 
Producto Machine Company, The , 859 
Verson Allsteel Press Co. 

MOLD TEMPERATURE CONTROL 

UNITS 
Industrial Mfg. Corp. ..........., 1010 
Mokon Div., Protective a 

Co., Inc. 

Rainville Co., Inc., 

MOLDS, BASES, PLATERS, ETC. 
Adco Engineering & Mfg. Co., Inc. $45 
Custom Engineering Co. ......... 8&4 
Injection Molders Supply Co., Inc. 959 
Wood, R. D., Company 
ORIENTATION EQUIPMENT 
Marshall and Williams Corporation 8% 
OVENS AND DRYERS 

Acme Machinery & Mfg. Co., Inc. 94 
Blue, E. B., Company 

Brosites Machine Co., Inc. ....... 
Dawson, F. C., Engineering Co. .. 
Despatch Oven ese 

Foremost Machine Builders, Ine. . 

PRE COG. ons cc ce ceccccenesd ue 920 
Industrial Ovens, Inc. ............ 8% 
Injection Molders Supply Co., Inc. 959 
Lynch Corporation 870, 871 
Lydon Bros. Inc. .......++-sse0m 1015 
Rainville Co., Inc., The 
Waldron-Hartig 

PREFORMING MACHINES 

B. I. P. Engineering Ltd. ........ 868 
Bonnot Company, The ..........- 
Logan Hydraulics, Inc. .......... 
Stokes, F. J., Corporation 
Thermatron Electronics Div. of 

Willcox & Gibbs 
PREHEATING EQUIPMENT 
Lynch Corporation 
Reeve Electronics Inc. .......-.-. 
PREPLASTICIZING UNITS 
Acme Machinery & Mfg. Co., Inc. 4% 
DeMattia Machine & Tool Co..... 
Farrel-Birmingham Company, 

Inc. 866, 867, 1005 
HPM Division, Koehring on .. 948, 48 
Tetules GB. Go. 0 biecss. see 980, 981 
Werner & Pfleiderer Corp. om 108 
PRESSES FOR REINFORCED 

PLASTICS 
HPM Division, Koehring Company 
M & N Hydraulic Press Co. 
PRINTING PRESSES & nas 
Egan, Frank W., & Company .. 874,87 
Faeco Machine Co., Inc. ... 88 
Lembo Machine Works, Inc 
Liberty Machine Co. Inc. . 

Mitsui & Co., Ltd. 
Rainville Co., Inc., ‘ 
PROCESSING MACHINES & EQUIP 

MENT 
B—Blow Molding 
C—Compression Molding 
E—Extrusion 
F—Foam Molding 
H—Hydraulic 





2 S888 


2& 8s # 


5 


Molding 
| Molding 
forming 
r Molding 
nery & Mfg. Co., Inc. 

(BI) -- pane 
Adamson United Co. (C, H, I, U) 950, 951 
Akron Extruders (E) 984 
Akron Presform Mold Co., The (R) 925 
Ankerwerk International/Krauss- 

ei (I) 

idewuiice Division (H) ... 
Auto-Vac/Auto-Blow (B, T) 
8. L P. Engineering Ltd. (C,H,I) 868 
Baker Perkins (Exports) Ltd. (B) 990D 
Battenfeld Machines (I) .... 1024, 1025 
Blue, E. B., Company (F, R) 936 
Campbell-Kent (F) 885 
Clifton Hydraulic Press Co. (C, H) 1004 
Comet Industries (T) 
Conapac Corporation (B, I, T) ... 
Covema srl. (B, E, F, 1) .... 
Dake Corporation (C,H) 
Danly Machine Specialties, Inc. 

(C, H, E) 
Davis-Standard (E) 
DeMattia Machine & Tool Co. 

(H, I) 

Egan, Frank W., & Co. (E) .... 874, 875 
Brie Engine & Mfg. Co. (C,H, T) 887 
Erie Foundry Co. (C, H) 977 
European Plastic Machinery (B) 990D 
Expandex Corp. (F) 930 
Falls Engineering and Machine Co., 

The (F) 10 
Farrel-Birmingham Company, Inc. 

(C, E, H, I, U) 866, 867, 1005 
Fellows Gear Shaper Co., The (I) 861 
French Oil Mill Machinery Co., 

The (C,H, U) 

Goulding Mfg. Co. (H) 
HPM Division, Koehring Company 

(C, E, H, I, U) 

Hochman Plastics Machinery Corp. 933 
Hull Corp. (C, T, U) 920 
Improved Machinery Inc. (1) 

Karlton Machinery Corp. (C, I, U) 
Kautex-Werke (B) 

Killion Tool & Mfg. Co. (E) 

Kleinewefers, Joh., Sohne (E) ... 
Lawton, C. A., Co., The (C,H\U) . 
Lester-Phoenix, Inc. (I) 

Logan Hydraulics, Inc. (C,H) .... 
Lombard Governor Corp. (I) 1032, 1033 
Lynch Corp. (B, E) 870, 871 
M-H Standard Corporation (F) .. 1018 
M& N Hydraulic Press Co. (C, 

Met <0. 

Meiki Co., Ltd. (1) 5 
Mitsui & Co., Ltd. (B, E,I,T) .... 997 
Modern Plastic Machinery Corp. 

(B, E) 1006, 1007 
Moslo Machinery Company (1,B) 990 
National Automatic Tool Company, 

Ine, (I) . 846, 847 
National Rubber Machinery 

Company (E) 

Negri Bossi & C. (B, E, I) 1019 
New England Butt Co. (C, H, R) 842 
Newbury Industries, Inc. (I) 1038, 1039 
Olympia Tool and Machine Co. (E) 890 
Plast-O-Craft Co., Inc. (T) 940 
Producto Machine Co., The (B) .. 859 
prodex Corp. (B, E) 1034, 1035 

rogressive Tool & Die Co. (I) .. 1011 
Rainville ( Inc., The (B, C, E, 

P, H, U) 955-958 


Reed-Prent Division 
, of Package 
Machine, ‘o. (I) 9 


Reifenhause K. G. 


Reliable Rubber & Plastic 

Machinery Co., Inc. (E) 
Royle, John, & Sons (E) 
Rudolph, Martin, Velbert (B) .... 
Shaw, Francis, & Co. Ltd. (E) ... 
Simplomatic Mfg. Co, (I) 
Standard Tool Company (H,I) .. 
Sterling Extruders (E) . 1016, 1017 
Stewart Bolling & Co., Inc. (H) .. 988 
Stokes, F. J.. Corp. (B, C, I, U) 855-858 
Sweets, Martin, Co., Inc., The (F) 1029 
Thermoplastic Equipment 

Corporation (E) 
Triulzi S. A. S. (I) 
Tronomatic Corporation (F,T) ... 
Union Tool & Engineering 

Company (1) 
Van Dorn Iron Works Co., The (1) 853 
Verson Allsteel Press Co. (H) ... 973 
Waldron-Hartig (E) 991-996, 1044 
Wayne Machine and Die Co. (E) 1041 
Welding Engineers, Inc. (E) 
Werner & Pfleiderer Corporation 

(E) 1002, 1003 
Williams-White & Co. (B,C,U) .. 1010 
Windsor, R. H., Ltd. (E, I) 849 
Wood, R. D., Company (H) .... 928, 929 


PUMPS 

Binks Manufacturing Company .. 916 
Hardman, H. V., Co., Inc. ........ 963 
Injection Molders Supply Co., Inc. 959 
Mico Instrument Company 

Peterson Products 


PYROMETERS 

Barber-Colman Company, Wheelco 
Industrial Instruments Division 968 

Cambridge Instrument Co., Inc. .. 942 

Pyrometer Instrument Co., Inc. .. 941 


REPAIR SERVICES 
Adco Engineering & Mfg. Co., Inc. 945 


RESINS & MOLDING COMPOUNDS 

Mitoui & Co, TAG. oc cscccccccccess 997 

ROTATIONAL COATING AND MOLD- 
ING MACHINES (see Processing Ma- 
chinery & Equipment) 

SCREENS 

Beringer, C. J., Co. Inc. .......... 947 

Williams, George A., & Son 


SHEARS, CUTTERS AND SAWS 

Campbell-Kent 

Falls Engineering and Machine 
Co., The 

First Machinery Corp., The 

Forrest Manufacturing Company 
MU sales dc o¢.00seaha Obddban tats 

Lynch Corporation 

Rainville Co., Inc., The ........ 

Mico Instrument Company 

Progressive Machine Co., Inc. 

Verson Allsteel Press Co. ........ 


SLITTERS, SHEETERS, AND 

REWINDERS 
Appleton Machine Company, 

IN MN irs 5 catenin Gensimcerds 6 oc 
Black-Clawson, Dilts Div. ....... 
Cameron Machine Company 
Campbell-Kent 
Dusenbery, John, Company, Inc. . 
Finn & Fram, Ince. ............... 
Goulding Mfg. Co. ............... 
Hobbs Manufacturing Co. ........ 963 
Judelshon, Oscar I., Inc. .......... 972 
Liberty Machine Co. Inc. ........ 976 


SPRAY EQUIPMENT AND SYSTEMS 
Binks Manufacturing Company .. 916 
Cerro Sales Corporation 
DeVilbiss Company, The 


ye rer 
Peterson Products 
Plastic Engineering and Chemical 

Co. 942 
Pyles Industries, Inc. ............. 1028 
Rotherm Engineering Co. Inc. .... 
Sealzit Company of America 
DE I asi gaeeks vec es 


TAKE-OFF EQUIPMENT 
Black-Clawson, Dilts Div. ........ 
Campbell-Kent 
Faeco Machine Co., Inc. .......... 
Farris Universal Machine Corp. .. 
Foster-Alsem, Ime, ....5.00s0ececers 
Goulding Mily. Co. ......cccsecees 851 
Johnson Manufacturing Co., Inc. . 961 
Kay Machine Company Inc. ...... 972 
Lynch Corporation 870, 871 
National Rubber Machy. Co. .. 952, 953 
Progressive Machine Co., Inc. .... 954 
Servospeed Div. of Electro 
STs 5 6.8.00 co dnkes ss 0% 921 
Waldron-Hartig 


TESTING EQUIPMENT AND MEAS- 
URING DEVICES 
Atlas Electric Devices Co. ........ 917 
Barber-Colman Company, Wheelco 
Industrial Instruments Division . 968 
Brabender, C. W., Instruments .. 939 
Custom Scientific Instruments, Inc. 998 
Matrix Controls Co., Inc. ........ 
eee TO TS dg Nive fhe counten 
Super-Trol Manufacturing Corp. . 966 
Taylor Instrument Companies .. 970, 971 


TOOLS 

Cratex Manufacturing Co., Inc. .. 998 

Mico Instrument Company 

TRANSFER PRESSES (see Processing 
Machinery & Equipment) 

TRIMMING PRESSES 

Campbell-Kent 

Danly Machine Specialties, Inc. .. 932 


ULTRASONIC SEALING EQUIP- 
MENT 

Mayfiower Electronic Devices Inc. 964 

USED AND REBUILT MACHINERY 

Hochman Plastics Machinery Corp. 933 

Johnson Machinery Co. ......... 937 

Reliable Rubber & Plastic 
Machinery Co., Inc. ..........:- 1000 

VACUUM METALLIZING EQUIP- 
MENT 

ES ee eee ee 920 

Stokes, F. J.. Corporation .... 855-858 

VACUUM AND SHEET FORMING 
MACHINES (see Processing Machin- 
ery & Equipment) 

VALVES, SEALS 

Sinclair-Collins Valve Co., The . 879 

Wood, R. D., Company 

WEIGHING EQUIPMENT 

Exact Weight Scale Co., The 

WELDING EQUIPMENT 

a re 

Thermatron Electronics Div. of 
Willcox & Gibbs 

Weldotron Corporation 


WINDERS, SPOOLERS, CORES 
Black-Clawson, Dilts Div. ........ 
Cameron Machine Company 

Faeco Machine Co., Inc. .......... 888 
Getty Machine and Mold Inc. .... 918 
Hobbs Manufacturing Co. ........ 963 
Kay Machine Company Inc. ...... 972 
Liberty Machine Co. Inc. ......... 976 
Progressive Machine Co., Inc. .... 954 
Waldron-Hartig 





BIG-PROFIT FEATURES: 


Inexpensive molds, for thermosetting 
compounds 

Can use up to 20* different molds, one 
press 

Molds can be changed while press is 
operating 

Simple ejection of parts 

Hopper-fed — rotating supply 

Adjustable production cycle 

Adjustable temperature in mold holders 

Low cost molding of large or small 
quantities 

Presses can be furnished for many 
applications 

For descriptive bulletin or demonstration 

of machines in operation, contact 


NEW ENGLAND BUTT CO. 


Division of Wanskuck Co. 


304 Pearl Street * Providence 7, R. I. 








Enlarged 
more than 
100 times 


This photo shows the cross 
section of the Printex Seal, 
made on the Printex Polythene 
Bag Making Machine 

Type 380A. 


You will easily observe 

the extreme strengthening 
of the welding area. The poly- 
thene is not at all distorted 
by the sealing bars. 


This photo proves 

the properties of the Printex 
Seal: Sift and water proof 
maximum security, 

also with gussetted bags. 

It will not give way 

in or around the sealing area, 
not even with worst treatment. 


The Printex Seal offers security 
for converters and packers. 
The Printex Seal is better! 


Hana! HansSsela 
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World Distributors: 


Autonomous and automatic COVEMA s.r. 


injecti m ing machin Milano/Italy—Via Fontana 1 
er ould a Tel. 705.735—709.356—Cables: COVEMA—y: 
with dynamic preplasticising il 


6 sizes from 60 grs. to 1300 grs. 
suitable for all thermoplastics 
without changing of the plasticis- 
nq chamber 


plastiniector 








500 SERIES 


A standard, multipurpose duplex slitter-rewinder for papers, films, 
foils, fabrics and other web materials. Speeds to 2000 fpm. Trim 
widths to 62”. Rewind diameter to 20” maximum. Combination 
surface-center rewind using the differential driving principle. Rolls 
alternately wound on separate shafts. Score, shear, or razor cut, 
single or in combination. Also, Sealcut® electrically heated slitters. 





Almost any finished roll of paper, film or foil, 
plain or printed, can look good on the outside. But, 
when a roll has been made with extreme care to 
assure fine, dependable running quality we call it 
The New Roll. The test is not how nice a roll may 
look, but how well it performs. Does it give you a 
long, low-cost, trouble-free run in high speed print- 
ing and converting? Does it keep your material fresh 
and alive, for better end results, or is it stretched out 
dead in the roll? 

Superb running quality can be produced effi- 
ciently and economically only on a truly integrated 


550 SERIES if 
a ~~ 


A light versatile, low-cost slitter-rewinder for films, foils, papers 
and other materials. Speeds to 500 fpm. Trim widths 32”, 42”, 
52” or 62”. Rewind diameters to 15” maximum. Center winding 
using the differential driving principle. Rolls alternately wound 
On separate shafts. Choice of razor, score or shear-cut slitting. 
Integrated unwind with air operated brake and manual side shift 
control. Optional built-in pneumatic edge guide. 


for a quick review of 
comprehensive line | 
dduction equipment 
industry, write for 
eron Bulletin 6010 
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620 SERIES 


A heavy-duty duplex slitter-rewinder for papers, films, foils, lam- 
inates and other off-caliper materials. Speeds to 1000 fpm. Trim 
widths 32” to 72”. Rewind diameter to 20” maximum. Combination 
surface-center rewind using the differential driving principle. Rolls 
alternately wound on separate shafts. Score, shear or razor cut. 


el 
—E5i 


Can also use Sealcut® electrically heated slitter elements. 





roll production system designed to maintain opti- 
mum roll control all the way from unwind to rewind, 
with all controls adjustable and adaptable to the 
characteristics of the material to be handled, the 
quality of the parent rolls, and the intended service 
of the finished rolls. The truly integrated roll pro- 
duction system, we think, is a job for specialists only. 


CAMERON 


a team of specialists 


A versatile, highly productive two-drum slitter-rewinder shown 
here in use as a foil separator for handling lightweight 2-ply foil, 
with each ply winding on a separate shaft, each rewound roll 15” 
maximum diameter. The 400 Series is adaptable to a wide variety 
of other materials. Speeds to 1000 fpm. Trim widths 32”, 42”, 
52” and 62”. Rewind diameter (single roll) 30” maximum. Two- 
drum surface winding. Choice of pneumatic score-cut or shear-cut. 





Cameron Machine Company, Franklin Road, Dover, N. J. 
Canada: Cameron Machine Co. of Canada, Ltd.,14 Strachan Ave., Toronto, Ont. 
France: Cameron Europe S/A, 5 Rue de Prony, Paris (17e) France 
Brazil: Cameron Maquinas Ltda., Rua 24 de Maio, 104-5°, Sao Paulo, Brasil 
famous TIDLAND pneumatic shafts are sold exclusively through Cameron 





NATCO 


Natco’s new reciprocating screw machines pro- 
vide the injection molder with the most efficient 
preplasticizing method yet developed! The Natco 
extruder method of melting and molding resins of- 
fers you many mor«y saving advantages: 


1. Faster molding cycles 
2. Quick color change 
. High melt capacity 
. Easy material change 
5. Homogeneous plastification 
. Ideal plastic flow 
. Lower stock temperatures 
. Excellent dry coloring 
. Better molded physicals 
10. Shockless hydraulic circuit 
Natco “Screw-Ram” molding is far superior to 
conventional preplasticizing methods using “piggy 
back” heating chambers. Money saved by this new 











QMIOUEeS | 


extruder method on material and color changes alone 
will pay for these new machines! Imagine making 
tough color or material changes in ten shots or less! 
That’s saving money fast. 


Regardless of shot size or material used, the 
screw will melt resin as fast as you can mold it. Now, 
with Natco Screw-Ram, cooling the material in the 
mold is the only cycle limitation! It’s a recognized 
fact that hard flow and heat sensitive materials are 
faster and more ideally plasticized by the extrusion 
process. Injection pressure drop and the problems 
caused by laminar flow have been eliminated! 


All of the high speed dependable features which 
have made Natco injection machines famous have 
been incorporated into these new “Screw-Ram 
machines. Natco offers you the injection machine 
of the future . . . available in 1961. Write today for 
more information. 








| SCREW-RAM 


| replastielzing 


Natco Model 400-E 


60 Ounce Screw-Ram Unit 

Melt Capacity—330 Ibs./hr. 
Mold Clamp Force—425 Tons 
Mold Platens—38” x 38” 
Maximum Daylight—62” 
Clamp Stroke—26” or 36” 

Inj. Rate—21 or 44 cu. in./sec. 








PREFERRED FOR PLASTIC MIXING 
The NEW FALCON -..., BLENDER 








THE FALCON 
~SANITARY BLENDER 


Widely Used for PVC OTHER FALCON All WELDED Construction 


and other Plastic Material EQUIPMENT FOR 1/4” Troughs; 3/8” Ends 
PLASTIC 


INDUSTRIES Fabricated of Mild Steel 
Easily Demounted *Hammer Mills or Stainless Steel 


es *Crushers 
HEAVY DUTY SHAFTS with *Cutters With or Without Jackets 


3 Anti Friction Bearings *Stainless Tanks for Steam or Cooling 
*Reactors 
*Kettles Plug Type Gate Discharge 
NO CORNERS *Heat Exchangers Teflon Gaskets 

*Special Equipment 
Most Sizes Immediately Fabricated Can be Equipped With 
Available from Stock to your Specifications. Plasticizer Spray Pipes 























THE FALCON MANUFACTURING DIVISIO 


| STERLING | of the FIRST MACHINERY CORP. CABLE: & 
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The closer you look 
the faster you’ll decide... 


There's no doubt about it! The 
dosest inspection of any Windsor 
nochine will only confirm the 
eputation that they have built 
yas designers and eng'neers 

of the World's finest plastics 
machinery. 

Anyone can see the products 

of Windsor designers and 
cofismen—but only a user 

con really oppreciate the 

reliability and superior 

periormance character- 

stics of these machines, 

thot are the outcome of 

ong experience and wide 

inowledge of the Industry's 
requirements. 


7 Fully Automatic 


ection M 


c ulding 


Machine 


Fitted with single- 
screw preplasticiser. 
Moulding capacity— 
+ ozs. Plasticising 
capacity—50 Ibs. per 
hour (polystyrene). 


30 Fully jtomatic 


iIlding 
haching 


Fitted with single-screw pre- 
lasticiser, Moulding capacity 
~18.6 ozs. Plasticising capac- 


‘Y—100 Ibs. per hour (poly- 
styrene), 


The Windsor range includes Injection Moulding Machines in 
capacities of from 1 to 210 ozs. and Extrusion Machines with 
outputs up to 500 Ibs. per hour. 


Sales and Service 
R. H. WINDSOR OF CANADA LTD. 


56 Advance Rd., Toronto 18, Ontario, Canada. Tel. Belmont 2-2971 
Grams and Cables: WINPLAS, TORONTO, CANADA. 
Head Office: LEATHERHEAD ROAD, CHESSINGTON, SURREY, ENGLAND. 





NEW! PREPLASTICIZER MODEL 
— 32/48-oz; 300 Ibs./hr. 
plasticizing capacity; variable 
speed hydraulic screw drive. 


INJECT 


PERTELIION 


| N Y © U eR NEW! 2-0Z. MODEL J— 


fastest fully hydraulic, 


fuliy automatic, 
molding machine ever 
built; only one of 

its kind in the world. 


Give yourself every oppor- 
tunity for better, faster, more 
profitable production with 
De Mattia injection molding 
machines. 

From the brand-new 
preplasticizer model to the 
equally new and immedi- 
ately accepted Model J 2- 
ounce, there is a De Mattia 
fully automatic, fully hy- 
draulic machine to meet 
your specifications. 

Send for complete data on 
the De Mattia line today. 4/6-02. MODEL K-2 — the 12/16-0Z. MODEL M-2 — the 
maximum in continuous, standard for the industry, 
dependable, easy operation practically guarantees 
for record-breaking pro- production increase up to 


duction at minimum cost. 20%; 42” max. daylight; 
400-ton clamp. 


DE MATTIA MACHINE & TOOL CO.-~ Main Office and Plant: CLIFTON. N.J. 
Sales Representatives: ACME MACHINERY & MANUFACTURING CO., INC., 500 Saw Mill River Rd., YONKERS, N.Y.; 102 Grove Street, WORCEST:®, MASS. 











TRUEBLOOD 

UNIMATIC MOLDING MACHINE 
ESPECIALLY DESIGNED FOR 
CORDSETS-INSERT-NYLON 
MOLDINGS 


@ The most advanced self containing semi automatic 
injection molding machine, fully hydraulic and special noz- 
te shutoff for non-drooling. Designed to produce the 
noximum in cordset harnesses—nylon parts—loose in- 
serts. 


The trueblood unimatic is built in three sizes ranging 
fom three to eight ounces. 


These machines come optional with an index table 
or shuttle table for fast reproduction of parts. 


Fast action 12” hydraulic knockouts to eliminate 
cord entanglements. Also to facilitate automation on in- 
set molding sweepoff mechanisms. 

also 

Universal mold shoes built to eliminate high tooling 

cost with interchanging mold propers. 


+Complete Package Arrangements Built Tested and Producing Parts Before Final Shipments 


SEND TODAY FOR MORE DETAILED SPECIFICATIONS TO: 


UNION TOOL & ENGINEERING COMPANY 


332-336 JONES STREET, DAYTON 10, OHIO OR PHONE BALDWIN 8-7551 








STANDARD of ACCOMPLISHMENT 
in INDUSTRIAL DESIGN, 
ENGINEERING and 

MACHINE MANUFACTURE 


DESIGNERS, DEVELOPMENT SPECIALISTS 
AND MANUFACTURERS OF AUTOMATED, 
HIGH-PRECISION .. . 


PLASTICS PROCESSING EQUIPMENT 





DRYER-BLENDER-HOPPER 
featuring engineering principles, 
with power driven agitator, as- 
suring fast and economical blend- 
ing and drying of the most diff- 
cult materials. 


HAUL-OFF ROLLS 


are power adjusted for uniform 
tension and synchronized with 
polished roll speed. 

CUT-OFF SHEAR 
Goulding guillotine-type travel- 
ing or stationary SHEAR auto- 





DIES . . . Sheeting, Film and Strand 


scientifically designed to assure 
uniform material distribution, 
thereby producing quality and 
quantity of product to meet the 
most exacting requirements 


POLISHED ROLL UNIT 


hrome-plated rolls are manually 
t power adjusted. Uniform tem- 
perature control assures superior 
heet production. 


ee 


matically timed to assure uniform 
sheet length cut off. 


SHEET STACKER 


designed with variable speed 
unit power to assure uniformly 
regulated timing to extruder out- 
put. Scientifically built to prevent 
possible sheet damage. 


SHEET GLAZER 


built to glaze continuously ex- 
truded sheets to a superior high 
gloss surface. Extruder production 
not impaired. 


PRESSES . . . Crank, Hydraulic, or 
Screw-Operating Platens 


specifically built to the plastic in- 
dustry’s varied sizes and capaci- 
ties. Complete information avail- 
able. 


GOULDING ENGINEERS WILL ASSIST YOU WITH YOUR 
SPECIFIC PLASTIC PROCESSING EQUIPMENT PROBLEMS. 





GOULDING NOW OFFERS A STANDARD LINE OF 
EXPANDERS and BLOW MOLD LOADERS 


— New! — 


The ‘‘Kin-wald Expander’’—manufactured by 
Goulding under license of Dow Chemical Co. 





PHONE, WIRE OR 
WRITE FOR 
PRICES AND DELIVERY 





2929 River Street 
Saginaw, Michigan 
Phone PL 2-2163-4 




















TURNTABLE UNITS 

FOR AUTOMATION 
For speed and flexibility, an 
automatic turntable unit is avail- 
able with all Sealomatic sealers 
in 46”, 60”, 72” diameters and 
larger, adjustable for 4, 6, 8, 12 
and 24 stops per revolution. 
Turntable units can also be fit- 
ted to your present equipment. 
Data sheet T.T. 


: 


FOR SPECIAL ArPLiCATIONS 

A particularly unique heat sealing 
machine with a Mandrel type press 
designed specifically to hanale radio- 
active material. Units for lamp- 
shade sealing, electrode pre-heat- 
.ng attachments (hotplate for three- 
dimensional work), and many other 
special attachments to meet your 
specific production requirements. 


AUTOMATIC INDEXER 


Sealomatic Indexer feeds, in- 
dexes, seals and rewinds vinyl 
and other heat sealable materials 
without an operator. The entire 
operation is completely auto- 
matic and eliminates manual 
labor. Sealomatic Indexer is 
available with any size press or 
can be fitted to your present 


equipment. " 


SEALOMATIC 


a oh OF COT A'TLO: 


HEAT SEALING MACHINES 


wy 


HEAVY-DUTY 30KW UNIT 
Especially designed for large 
items such as: automotive door 
panels; vinyl upholstery; inflat- 


able air mattresses; stuffed mat- 
tresses; swimming pools, etc. 
Production cost is at a minimum 
as the above items require only 
one sealing operation with an 
extra-large capacity Sealomatic 
unit. 


SEALOMATIC 


ELECTRONICS 


wy 


DUAL UNITS FOR 
FLEXIBILITY OF OPERATION 


Here is a major step forward in 
economy of operation—one gen- 
erator with two presses... min- 
mum investment in equipment, 
yet extra production when you 
want it. Ask for Data Sheet D.U. 


Model 600-SB60 
6 KW Dual 


CORPORATION 


38 West 32nd Street * New York 1, N.Y. * OXford 5-8121 


Factory: Brooklyn, N.Y 
Sales Offices: Dallas 


4 


* Cable 


San Francisco 


SEALECTRON” NEW YORK 


Montreal—Newmarket 


Py 


FOR EVERY POWER REQUIREMENT 
Sealomatic standard models are 
available in capacities from % 
KW up to 30 KW to weld, cut, or 
emboss flexible, rigid, and foam 
plastic products. Our engineers 
will analyze your sealing prob- 
lem and recommend the unit that 
best meets your needs. 


CUSTOM BUILT UNITS 
TO YOUR SPECIFICATIO 


Sealomatic’s long. experience in th 
and extensive facilities enable us 
sign and build any model to mee 
exacting specifications. 














“COMPLETE AUTOMATION” 


Prominent toy manufacturer operates their fully 
automatic Van Dorn 3 oz. presses 24 hours per 
day, 6 days per week. They also report their 
Van Dorn presses substantially reduce cycle 
time, are economical, versatile, and require 
minimum maintenance. 


Mode! H- 300 


wm VAN r asses 


& 


fee 





Sales and Service Nationwide In Canada: B. J. Danson & Assoe., Ltd., Toronto, Ontario 
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BULLETIN 210 


plastics molding and coating equipment 


Le TERRE ORR GRR fo RT eM LET NAN RNS RON Ree 


Stokes leadership as a manufacturer of molding presses 
over the past 25 years has contributed to the extensive 
yse of plastics in a wide variety of products... from 
bottle caps to electronic components. With the intro- 
duction in the early 30’s of the first fully automatic 
compression press for molding plastics, the company 
rose to a position of eminence in the field of molding 
press design and manufacture. Stokes has held this 
position by continuing to apply ingenuity and special- 
ied experience to the job of designing and perfecting 
new presses and new techniques to meet industry’s 
ever changing needs. 


From advisory service ...to the right machine ...to your finished product 
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This spirit of leadership has also been demonstrated in 
injection molding by the introduction of many signifi- 
cant press innovations—including automatic injection, 
stripping, and sorting to reduce labor costs; positive 
nozzle shut-off and full pressure pre-packing of 
injection cylinder to permit shorter production cycles; 
and unique design to facilitate fast, thorough purging. 
These and other built-in design features help make 
each press outstanding in its class. You get high 
quality and high production at lower cost per unit 
when you invest 
in Stokes presses. 
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BLOW MOLDERS 





BLOW MOLDING MACHINES 
for high-speed, low-cost molding 


Stokes completely packaged blow molders offer 
dual-manifolding for high-speed production, flexi- 
ble operation, and wide versatility. This design 
permits multi-cavities or large single cavities to be 
run continuously on the same manifold. These high- 
speed molders form hollow plastic products in one 
piece in a single cycle. Rigid and flexible plastic 
products can be produced in a wide variety of 
shapes, sizes, and constructions. Elimination of tie 
bar and sliding rails facilitates precise mold posi- 
tioning, easy mold replacement, and rapid removal 
of parts. 


Model 855-2 features pneumatic-toggle operation, 
and is used in conjunction with a 24-inch extruder, 
Model 856 is hydraulically operated and is designed 
to make efficient use of the full output of a 34-inch 
extruder. The 856 molds plastic products as large 
as a five-gallon container or other large pieces 
using a comparable weight of polyethylene, styrene, 
and other plastic materials. 


Write for Literature 











COMPRESSION AND 


MODEL 726 COMPRESSION 
MOLDING PRESS + MODEL 
727 TRANSFER MOLDING 
PRESS for deep draw molding 
at high speeds 


Model 726 straight-ram hydraulic press is specially de- 
signed for deep draw molding at high speeds. It is ideal 
for molding circuit breakers, wiring devices and instr 


726 


ment cases. The 


handles shallow work 


equd 


facility. Its inherent flexibility makes it an excellent “or 


press”’ installation. The press is self-contained, 


semi- 


automatic, and fully hydraulic. Available in 50, 100, 200 


and 300 ton capacities 


The Model 727 transfer press has many of the operating 
and production features of the 726. It can be furnished 
with top or bottom plunger to suit application require- 


ments. For maximum flexibility, the 


797 


is equipped with 


double hydraulic systems so that the pressure and speed 


of each cylinder can be adjusted separately 


50, 100, 200, and 300 ton capacities. 





Available in 


Request Bulletin 241 


MODEL 800 AUTOMATIC COMPRESSION 


MOLDING PRESS 
for high-speed molding 
of all thermosetting plastics 


Here’s a fast, fully automatic 25-ton 
press that can handle all thermo- 
setting plastics . . . at unusually high 
speeds. The Model 800 has all the 
automatic features of its big brother, 
Model 741. Cycling time, exclusive 
of curing, is a mere 5 seconds. Built- 
in safety devices stop the machine 
at the slightest irregularity in the 
molding process. Ideal molding ac- 
tion gives fast initial closing and 
relatively slow final closing to match 
the flow of material in the mold 
Molds may have cavities in any 
desired arrangement. Ejection of 
molded pieces is mechanical, posi- 
tive, and thoroughly dependable. 
Adjustments for pressure, feed, and 
speed are made quickly and easily 


Request Bulletin 202 
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TRANSFER MOLDING PRESSES 


MODEL 741 AUTOMATIC 
COMPRESSION 
MOLDING PRESS 

for high volume production 


Here’s fully automatic compression molding at its best! From loading 
discharge, Model 741 makes every operation automatic... de- 
high production speeds with minimum down time for 
yund-the-clock service 
Positive ejection, top and bottom... parts are mechanically combed 
ff ejection pins on both top and bottom dies 


Positive seal off feed and comb form a box, closed front and back 


scrape-off plate discharges parts independent of gravity 


Simplified set-up feed changeovers made in five minutes from 
re-set loading boards 

Fast cycles, high outputs dry cycle time is only eight seconds 
fast closing and pressing speeds let you take full advantage of fast 
ring compounds 

Built-in versatility hydraulic top and bottom ejectors and fully 


ble breathe controls are standard. Many options are avail- 
suit requirements 


Press capacities of 50, 75, 150, and 200 tons are available 


Ask for Bulletin 200 





MODEL 725 AUTOMATIC COMPRESSION 
AND TRANSFER MOLDING PRESS 
for small parts . . . short production runs 


Small in size, big in versatility, the 
Model 725 press is ideal for applica- 
tions demanding high efficiency on 
short production runs and frequent 
mold changes. This compact press oc- 
cupies an area only 29” x 36” has 
a capacity ol 25 tons 


The built-in automatic features of the 
725 reduce labor cost to an absolute 
minimum. The operator has only to 
load the hopper and remove the fin- 
ished parts in bulk. Only 5 seconds out 
of each molding cycle are devoted to 
machine motions 


Quick set-ups are possible because the 
molds are small and easy to handle. 
Cavity changeover takes as little as 15 
minutes, using universal chase plates 
which let you change cavities without 
removing the entire mold from the press. 





Write for Literature 


INJECTION MOLDING PRESSES 


plunger and screw types 





MODEL 701, 703, and 706 AUTOMATIC INJECTION MOLD- 
ING PRESSES for truly automatic, high-speed injection molding 


This series of automatic molding presses does everything... 
molding, de-gating, ejecting and sorting operations... all 
automatically ...at high speeds. The operator has only to 
load the material into the hoppers and remove finished 
pieces in bulk. Even the sprues and runners are channelled 
to separate bins. 


The 701 (2 ounce), 703 (6 ounce) and 706 (12 ounce) offer 
better, more uniform parts, and faster molding cycles through 
the use of a positive nozzle shut-off system which permits full 
pressure pre-packing of injection cylinder. This increases the 
plasticizing capacity and decreases the injection time by as 
much as 75%. 

Request Bulletin 203 


In addition, the new 701 and 703 shuttle molding machines 
handle 2-color and metal insert molding automatically. 
Molding, ejecting, stripping and sorting are all performed 
without operator assistance. Only hand operation is load- 
ing the insert. Press-open time is cut substantially, allow- 
ing greater utilization of the press . . . greater return on 
investment. 


Request Literature 






























STOKES PLASTICS MOLDING AND COATING EQUIPMENT 


ee: 






STOKES PREFORM PRESSES 
for all your preforming needs 







MODEL 744 SEMI-AUTOMATIC 
TRANSFER-COMPRESSION INSERT 
MOLDING PRESS for continuous insert 
molding 


oe, 






There’s a Stokes preforming press 
for every need . . . from small parts 
to preforms up to 10 pounds in 
weight. Presses are available in 
three types: 















































This new Stokes press eliminates the down 
time formerly required for insert loading. 
The Model 744 lets you mold and load 
simultaneously. A horizontal turntable con- 
taining two identical lower halves keeps the 
molding operation continuous. When one of 
the mold halves is in the molding position, 
the other is outside the press in a convenient 
and accessible position for the removal of 
the finished parts and the loading of inserts. 
This results in faster cycles because loading 
and unloading does not have to be done in 
the press. Capacities: 75 and 150 tons. 













Single-Punch Presses — versatile, 
easy to operate, low in tooling cost, 
designed for quick set-up changes, 
handle preforms up to 4” in diam- 
ter; Rotary Presses—high speed, 
handle preforms up to 15%” in 
diameter; and Hydraulic Presses— 
heavy duty, handle very large pre- 
forms up to 10” x 6” x 10”. 











Request Catalog 509 Ask for Literature 







STOKES BAG-LINE PLANT 












for in-line, resin-to- STOKES VACUUM P 
printed-bag production METALLIZERS for attractive . 
finishes at low cost . 





Starting with plastic resin, 
this compact plant continu- 
ously and automatically 
produces finished bags in a wide variety of thicknesses, widths, and 
lengths... printed and vented as desired. You have complete 
control of the bag making process . . . from extrusion of resin to 
finished bag. 























The large capacity of Stokes 
vacuum coaters gives maximum 
production in the metallic coat- 
ing of plastic, glass or metal products, such as toys, hardware, 
costume jewelry, automotive parts, and many other items. Inter- 
locked centralized control system makes Stokes coaters easy to 
operate ...assures uniform, high-quality finishes every time. 
Stokes vacuum coaters are compact and supplied with complete 
pumping systems and auxiliary equipment. . . require little floor 
space. Available in 24”, 36”, 48” and 72” diameter chamber sizes. 
















Film inventories are eliminated ...costs are lowered... pur- 
chasing and storage problems are greatly simplified. You are also 
able to take immediate advantage of new resins as they are intro- 
duced. The Stokes Bag-Line plant is supplied as a complete, fully- 
integrated unit. 








Request Bulletin 270 Request Catalog 584 





AT YOUR SERVICE... Stokes Advisory Service is available to help manufac- 


turers in any phase of plastic molding and finishing. Our staff can assist you 





in planning for profitable production by providing product cost studies and 


. . «- . . a . ss ion 
advice on mold and part design. Your inquiries are invited. Plastics Equipment Divisi 


F.J. STOKES CORPORATION - 5500 Tabor Road * Philadelphia 20, Penna. 
















CALIFORNIA CHICAGO CLEVELAND DAYTON NEW ENGLAND 
Pasadena, California Chicago 45, Illinois Cleveland 15, Ohio Dayton 29, Ohio Stamford, Conn 
3761 E. Colorado Bivd 5875 N. Lincoln Ave 2036 E. 22nd St 3070 Far Hills Avenue 77 Bedford St. 





MUrray 1-2376 UPtown 8-4450 Superior 1-7120 AXminster 8-6931 Davis 3-2335 














NEW JERSEY NORTHWEST PHILADELPHIA ROCHESTER 

Union, New Jersey Walsh Associates Philadelphia 20, Penna Rochester 18, New York 
2165 Morris Avenue Seattle 44, Wash 5500 Tabor Road 1795 Monroe Avenue 
Murdock 8-2636 1138 Poplar Piace CUmberland 9-0100 GReenfield 3-1940 


EAst 2-1155 







SOUTHEAST SOUTHWEST INTERNATIONAL F. J. STOKES CO. GREAT BRITAIN 
J. D. Robertson, inc The Hainge Co., Inc DIVISION OF CANADA, LTD. F. J. Stokes Limited 
Atlanta 5, Georgia Houston 27, Texas 


Philadelphia 20, Penna Rexdale, Ontario Mercury House, Hanger Green 





3110 Maple Drive, N.E 3323 Mercer St 5500 Tabor Road 1072 Kipling Ave. N London W. 5, England 
: 237-1506 Jackson 9-2573 CUmberland 9-0100 CHerry 7-6251 ALPerton 2026 










PRODUCTO 
BLOW 

~ MOLDING 
MACHINES 


Versa-Blow : 
Model VD-2 








Precision and dependability, the distinguishing features of 
Producto machine tools, are built into the complete new 
line of Producto blow molding equipment! 


Each molding press has 3-way micro-positioning 
adjustments for centering mold under parison. 


— Each press also has positive, high-speed equalized 


opening and closing, insuting dead center mold 
alignment. 








— High-speed horizontal in-line accumulator for per- 
fect parisons. Self-cleaning. 


—_ Three separate head adjustments regulate parison 
weight, concentricity and straightness. 

ome Platen “daylight” opening is adjustable. Accom- 
modates dies of various thicknesses without shim- 


ming. Speeds set-up. Producto’s Magna-Blow 


series for giant products. 
— Advanced head design assures trap-free flow of ace Avge ena: 
parison. No dead spots! 


<-> Hardened steel head and flow passages are polished 


and hard chrome plated. 





ae 





*Trademork 


Eight models include 1, 2, 4 and 8 parison head arrange- long a 

at ’ sas . famous nome in the 

ments. Capacities vary from mothball size to 80-gallon atahwerking Industry, Produce 

‘rum size! Building-block construction provides an un- is recognized as a leader in the design 

= ‘ . . d manufacture of die sets, 

limited range of combinations to suit your exact needs. ms on Sar ap 

Be s ) se > and toolroom 
ure to see the most durable, accurate and trouble-free pr om 


blow molding, reaming and accessory equipment ever of- 


erred to plastics manufacturers! For additional informa- PRODUCTO 


lon or to arrange to visit Producto, call FOrest 7-8675, or 
Write today : 


PLASTICS MACHINERY DIVISION | THE PRODUCTO MACHINE COMPANY | 985 Housatonic Ave., Bridgeport 1, Conn, 





PLASTIC SLITTING and SHEETING 


Is Done Better with Doven 


L-60 

DRUM-TYPE SHEETER 

For all Plastics, Cellophane, Saran, Ace 
tate, Polyethylene, Paper, Cloth 


L-CDR-60 

COMBINATION DRUM SHEETER 
WITH DUPLEX REWIND 

For all Plastics, Polyethylene, Paper, 
Cloth, etc. 


CORE CUTTERS 


STD Models from 36” to 80”. Cores 34” 
1.D. x %’’ Wall. Other Models up to 8” 1D. 





BSR-18 

TEFLON BENCH SLITTER 

For Teflon, Plastics, Polyethylene, Cello- 
phane, Saran, Aluminum Foil, Condenser 
Tissue as thin as .00025. 


Fast delivery can be made 
from our 25 standard models. 
Custom-built equipment 
comprises an important part 
of our business and design 
suggestions, estimates and 
research on problems of 
converting plastics, cello- 
phane, polyethylene, plio- 
film, acetates, rubber, teflon, 
leatherette, paper, cloth and 
other natural or synthetic 
materials are solicited. 


SR-60 2-DRUM 
SLITTER REWINDER 
For all Paper Board, Tissue, etc. 





CDT-48 
TURRET SLITTER 


For most Films, Fabrics, Paper and Lam- 


inates 


DOVEN DIVISION . 





BDR-24 

DUPLEX BENCH SLITTER 

For Plastics, Polyethylene, Cellophane, 
Saran, Paper, Foil, Cloth. 





CSR-60 

SINGLE REWIND SLITTER 

For Plastics, Polyethylene, Cellophane, 
Leatherette, Coated Fabrics, Cloth. 


APPLETON MACHINE COMPANY 


APPLETON, WISCONSIN 








VARIETY and VOLUME... 
More Profitable on a FELLOWS 


Whatever the size, shape, or material you’re running, you can produce faster, and with 
fewer rejects, on a FELLOWS. 

Now, five advanced, high-precision FELLOWS Injection Molding Machines provide stand- 
ard shot capacities from 3 ozs. to 20 ozs. And the new FELLOWS Transfer Injector Unit ex- 
tends this range to 50 ozs. (See shot capacities below). 

Built-in controls permit easy set-ups, one operator can easily handle two or more machines. 
And a wide variety of optional attachments provides automatic production of pieces with 
threads, undercuts, side cores, and other “hard-to-mold” characteristics. Ask your FELLOWS 
Plastics Specialist for full details. 





MODEL 3-125 6-200 6-10-225° 12-350° 


12-450" 





Rated Capacity 3-4.5 6-9 6-10 12-20 
(ozs.) 

Max. Mold Size 2 si wus es HY’ Rael 

Mold Locking 125 200 225 350 
Force (tons) 

Mold Opens 5”-8” 6”-9” 8”-144%4” 10” -20” 

Dry Cycles 600-840 490-650 900-1050 600-800 
(per hr.) 

Horsepower 15 20 30 40 

KW Heater Unit 6 12 13 21 

Plasticizing lbs. 45 75 100 150 
>er hr. 








12-350 and 12-450. . . 50 ozs. 


THE FELLOWS GEAR SHAPER COMPANY 
Plastics Machine Division: 
Head Office and Export Department, Springfield, Vermont. 
Branch Offices: 1048 North Woodward Ave., Royal on. Mich. 
150 West Pleasant Ave., Maywood, N q 
5835 West North Avenue, Chicago 39 
6214 West Manchester Ave., Los Angeles 45 


12-20 


27” x 34” 
450 

10” -20” 
600-800 


40 
21% 
150 


*Shot Capacities with Transfer Injector: Model 6-10-225 . . . 25 ozs.; Models 





AGe 
cond: toll) 


...and keep your temperature under control 


ARE YOU GETTING ALL “BIG 10” 
ADVANTAGES IN YOUR TEMPERATURE 
CONTROLLERS? 
(Use this check-list) 

No vacuum tubes 


Solid-state. Free from warm-up, tuning and com- 
plicated circuitry. 


Full-time true temperature indication 
Indicated on mirrored anti-parallax scale. 


Sealed plug-in meter unit 
Dustproof. No special shipping case required. 


Two pilot lights 
Indicate both heating and cooling. 


Compact size: 64%” H x 7/2” W 
Mount more in less space. 





Provisions for optional wiring in every instrument 
For 120, 240 or 208 volts — 50 or 60 cy. Wired 
from the front. 


Interchangeable contro! modes 
Change chassis for off-on, proportioning, etc., 
control. 


(8) Thermocouple break protection 
In every instrument at no extra charge. Shuts off 
heat if thermocouple breaks or burns out. 


Protected temperature setting knob 
Guarded against accidental movement. 


Optional instrument housings 
Complete instrument plug-in or explosion housings 
available. 





You get all of the “Big 10” advantages with 
any Gardsman controller by West, plus proved 
reliability and minimum maintenance... all at 
prices you'll find surprisingly low. Ask your West 
representative for full information. He’s listed in 
the yellow pages. Or write direct for Bulletin COM. 


W E 6% T at. 


CORPORATION 


SALES OFFICES IM PRINCIPAL CITIES 
FACTORY AND GENERAL OFFICES 
4359 W. MONTROSE, CHICAGO 41, ILL. 
BRITISH BSIDIARY 
west INSTRUMENT LTD. 
$2 Regent St., Brighton 1, Sussex 





MARVEL SERIES 
GRANULATORS 


Models with capacities 
from 75 to 500 pounds 
an hour. Constructed of 
steel. 


























behind every eo 
| Francis Shaw machine 


research — design — quality engineering 








The new Francis Shaw P.4/” extruder for high impact polystyrene sheeting 
represents a completely modern approach embodying all the latest techniques 


* Designed for easy maintenance 
and long life 
Constant research and development, close co-operation 


% Direct heating of cylinder and 


with users, advanced design, selected high quality materials diehead through separate zones 


... These, coupled with long experience, help to create % Electronic temperature propor- 


tioning for sensitive and precise 


processing machinery of unrivalled performance. control 


Francis Shaw 


FRANCIS SHAW & COMPANY LIMITED - MANCHESTER 11 - ENGLAND 
TELEGRAMS: “CALENDER” MANCHESTER - TELEPHONE: EAST 1313-8 + TELEX: 66-357 
London Office: 22 Great Smith Street London SW1 - Telephone: Abbey 3245 - Telegrams: Vibrate London - Telex: 22280 
Canada: Francis Shaw (Canada) Ltd Grahams Lane Burlington Ontario - Telephone: Nelson 4-2350 - Telegrams: Calender Burlington Ontoria 
Telex: Canada Calender Hamilton 02) 662 
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OVERSEAS AGENTS THROUGHOUT THE WORLD 











Welding Engineers Worldwide Experience 


@ 2-INCH PILOT PLANT 
EXTRUDER designed for 
small scale production and 
extensive laboratory work 
on the complete range of 
thermoplastics. 


Get the facts: Welding Engineers equipment 


is specially designed for the optimum in proc- 
essing ability, flexibility and output. Every 
model represents the trustworthy combination 
of pioneering experience that knows how to 
solve the most challenging new-materials 
problems. 


Get the facts:Example after example is ready 
to support your judgement in specifying Weld- 
ing Engineers Dual Worm equipment. 


Outstanding: Welding Engineers worldwide 
installed equipment is capable of producing 
more than 600 tons of high density polyethylene 
each day. Other installed equipment produces 
hundreds of millions of pounds of all types of 
polystyrene and polyolefins; still other machines 
are producing practically every type of plastics 
and rubber materials successfully. 


Get the facts: We have the right machines for 
the right processing characteristics to produce 
materials of consistent quality at more profit- 
able rates. This is the basic story of WE dual 
worm equipment. And... of vital importance 
-..New product plans are always protected 
with absolute and permanent classified treat- 
ment...one of the reasons our advertising, 
even in technical catalogs and encyclopedias, 
is tailored to generalities instead of specifics. 


Proves the Advantages Built into 
this Extensive Line of Dual Worm 
Compounder-Devolatilizer-Extruders 





— 


/ A © G-NCH SIZE EXTRUDER designed 


especially for removal of large 
percentage of volatiles. 


@ 4\%4-INCH MACHINE designed 
especially for manufacture of polystyrene, 
polyolefins and other important 

materials which require the ultimate 

in pounding-devolatilizing-extruding. 





SEND FOR CATALOG 5901 


: DUAL WORM COMPOUNDER-DEVOLATILIZER-EXTRUDERS 


-..CUSTOM FITTED TO YOUR PARTICULAR 


MANUFACTURING REQUIREMENTS + GET THE FACTS! 


WELDING ENGINEERS, INC. Main Offices and Plant, Norristown, Pennsylvania « European Sales Representatives, 
Welding Engineers Ltd., Geneva, Switzerland « Far East Sales Representatives, Marubeni lida Co., Ltd., Tokyo, Japan 








Farrel-Birmingham makes a wide variety of 
machines for processing plastics. In addition, 
the company is own by experience to 
engineer complete plants or units of plants. 

The two layouts diagrammed here, were 
developed for polyethylene compounding and 
are typical of the projects handled from start 
to finish by the company’s oo engineering 
division. The conventional system includes a 
Banbury mixer which is automatically fed and 
discharges directly into an extruder. Material 
is extruded in strip or strand form, then diced 
in a dicing machine. In the alternative setup, 
a pelletizer replaces the extruder and pellets 
are cut under water. 

The process engineering division offers the 
following engineering services on the usual 
consulting-fee basis: 

1. Prepare a detailed analysis of the project, 
including (a) description of the operation, 
(b) flow diagrams and layouts, (c) studies of 
established and new practices with recom- 
mendations, and (d) cost estimates covering 
requirements for manpower, materials, serv- 
ices and capital investment. 

2. Prepare all drawings and specifications 
for machinery; machinery foundations; struc- 
tural supports; electric, steam, water and air 
services; material-handling equipment and 
storage facilities. 

3. Obtain all necessary quotations. 

4. Purchase auxiliary equipment, such as 
conveyors for delivering raw materials to the 
processing machines — subsequent take-away 
of finished or semi-finished product; also ma- 
chinery and equipment for cutting, cooling, 
stacking, dicing, etc. 

5. Supervise the installation and start-up of 
all equipment. 

Details of setups shown or information on 
individual machines supplied on request. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 


Plants: Ansonia and Derby, Conn., Buffalo and 
Rochester, N. Y. 


Sales Offices: Ansonia, Buffalo, Akron, Chicago, Los 


Angeles, Houston, Atlanta 


FARREL PRODUCTION UNITS 





ENGINEERING ANDI 


for complete} pI 
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European Office: Piazza della Republico 32, Milano, Italy 







FB-1147 
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ate] processing setups 
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Farrel-Birmingham also designs and manufactures equip- 
ment for processing plastic film and coating. The size and 


design of the Banbury and mills assure an even flow of 
Properly conditioned material to the calender. Calender is 
driven by an adjustable-speed motor so that output speed 
may be regulated according to the gauge of stock being run. 








Latest type Uni-drive Banbury 
mixer with hydraulically operated 
drop door for batch discharge. 


Strainer-extruder with combina- 
tion head for extruding in either 
strip or strand form. 


Close-up of special pelletizer head 
for under-water cutting of pellets. 





4-6 Oz. INJECTION MOLDING MACHINE 


This new BIPEL unit marks @ major step forward in the technique 
of thermoplastic molding. The straight hydraulic clamp is 
extremely fast, and needs no stroke setting. The stroke clamp 
is adjustable to suit the tool; slow-down is supplied at each 
end of the main ram stroke, and final pressure is built up to 
135 tons. An automatic “ram advance” saves time, and auto- 
matic double-feed device increases molding weight. Control 
is electro-pneumatic, and may be switched to manual, single 
cycle or fully automatic. The unit offers a large platen area, 
long-opening stroke, high plasticizing capacity, and a fast dry 
cycle time (3.5 sec.) 


COMPRESSION-TRANSFER PRESSES 


Many progressive plants have stepped up pro- 
duction 20% and more with BIPEL Presses. A 
complete line of 8 variable-pressure models 
range from 10 to 660 tons. “Auto-Control” 
readily reproduces complex molding cycles . . . 
rejects and over-cured heats are negligible. 
Individual, self-contained drives . . . or multi- 
ple installations with central 

drive system. Fully automatic 

units are available up to 24 

(upper right), 72, 90 (right), 170 

and 225 tons pressure. They may 

be switched to semi-automatic or 

manual control, too . . . and 

require minimum floor space. 


a complete system of 
hydraulic molding BIPE 





HORIZONTAL HYDRAULIC PREFORMERS 


Fast, controlled hydraulic operation delivers 

preforms that are remarkably uniform in den- Lighten : a 

sity, weight and preheat. Four models . . . with >, 8 BR. ye BL. 

variable pressure ranges from 13 to 155 tons . some of the world’s finest, most 

(2000 to 600 strokes per hour). Preforms up Be ” Se Sa aes oy 

to 6 Ibs... . and quantities up to 21,000 pre- mn : =i. 

forms per hour . . . are possible. New develop- mg Be gy B= 

ments (right) have increased output as much , ment parts are always available at 
. : the Tiverton office. Write for com- 

as 60% in some plants, using agitator-type plete information . . . and arrange 

materials; higher impact materials are simple tor a BIPEL demonstration. 


with special feeders. 


QOD 8.1.P. ENGINEERING LTD. 
Sutton Coidfield, England 


CANADA: John Sperling & Co. 
811 Chatham St., Montreal 3, Que. 


RALPH B. SYMONS inocnronare0 


3671 Main Road, Tiverton, Rhode Isiand 





Complete “ Package’ Machine Lines 


Extrusion Coating « Cast Film « Blown Tubing « Pelletizing 


* Air Dryers, high or low velocity 

* Drive and Control Equipment 

* Extrusion Coaters and Laminators 

¢ Laboratory & Pilot Plant Service 

* Laminators, Polyethylene 

* Slitter-Winders 

* Take-Off and Cooling Drums 

, Unwinds, continuous single, double or turret- 
ype 

Winders, continuous surface and center type 


Direct inquiries to The Black-Clawson Company, 
Dilts Division, Fulton, New York 


DILTS pivision 


Fulton, New York 
CONVERT WITH CONFIDENCE 


e Devolatilizing Systems 


¢ Dies, Mark V flat film, coating, sheeting 
blown film 


Extruders, Aetna-Standard induction-heated, 
up to 10,000 psi, 142” to 8” screw, 
20:1 to 29:1 L/D Ratio 


e Laboratory Extruders 
e Plastics Pelletizing Systems 
e Screen Pack Changers 


Direct inquiries to The Black-Clawson Company, Hale and 
Kuligren Plastics Dept., 613 Talimadge Ave., Akron, Ohio 





LYNCH complete package 


extruder...to die... 
..- 0 full post 


extrusion 


eguipment 


24° sheet process line 
with 12° diameter 
chrome rolls and 

built-in heat exchanger. 


4 


Specially designed 
steam heated and water 
cooled quench tank of 

stainiess steel. 


Control unit for 
controlling heat input 
to extruders and dies. 


Monofilament 
processing equipment specially 
designed for styrene. 


5 


Center fed blown 
film die with an 
adjustable air ring. 


Manifold sheeting die assembly 
with adapter, (ruggedly con- 
structed) with adjustable 
restrictor bar. 


LYNCH CORPORATION 
Formerly Robbins Plastic Machinery Corp. 


... gives you the complete line 
including extruder, dies and post 
extrusion systems for process- 
ing film, sheet, pipe, tubing, fila- 
ments, sections, etc. 


DIES: Blown Film « Flat Film « 
Monofilament « Pipe, rigid and flexible « 
Sheet « Strand « Tubing. 


Another monofilament 
processing line (less winder) 
for linear polyethylene. 


Traveling shear 
unit for cutting 
moving sheet of plastic 
sheet to length. 


strand die. Explosion 
proof construction. 











installations 


POST 
EXTRUSION EQUIPMENT: 


Blow Molding Units « Capstans « Control 
Cabinets « Conveyors « Cut-Off Saws « 
Forming Tanks and Racks « Haul Offs 
and Wind Ups e Heat Exchangers « 
Pipe Coilers « Pull-Offs « Refrigerated 
Water Tanks « Shears, Trimmers—Sheet 


and Film « Sheet Polishers « Stackers 


12 Special pre-heat oven 
, for pre-heating 60 inch 
Monofilament winding unit. width film or sheet 


prior to embossing. 


Includes heat exchanger. 


Plastic sheet stacker. 
Completely automatic 
stacking from cut off. 





Specially a. ig a “e [7 

tion” unit for 36" sheet. 
Chain driven rolls. Dancer 
roll controls sheet tension. 


Above unit with 
guards and controls. 


13 


Tubular film haul-off tower 
with collapsing frame, 
air ring, die and winder. 


14 


Blown film double 
nip roll and 
collapsing frame 
with slitter accessory. 


Portable heat 
exchanger unit. 
Either ‘‘closed"’ or 
17 “open” types available. 


16 Specially made 
“anti-static’’ device 
for light gauge sheeting. 


Standard extrusion 
conveyor for cooling 
and conveying shapes, 
18 tubes, strips, etc. 


Corporation (Plastic Machinery Division) 
Formerly Robbins Plastic Machinery Corp. 


ANDERSON, INDIANA 


LYNCH REPRESENTATIVE: Wilmod Co., Rubber Division, Toronto 10, Canada 





DUSENBERY HAS THE 


SLITTER-REWINDER: 


TO MEET YOUR 
REQUIREMENTS 
TO FIT YOUR i 
PRICE RANGE 


With the addition of the versatile Model 800 and 
the low cost Model 810 Slitter-Rewinders to its well. — 
known line, Dusenbery presents a wide range of 
machines in various models to meet the most exacting — 
individual requirements . . . and to fit your portion pd 
price range. All machines em y rewind systems 
which give smooth, clean-sided, finished rolls even 
from badly wrinkled, off-caliper rolls. One of the 
machines illustrated is suita for your purpose. 


. 
Most versatile to handle all off caliper materials from 


heavy kraft and/or laminates down to the lightest 
gauges of plastic films at high speeds. 


MODEL 800.. .A totally new concept. Individual rewind — 

arms, shaft and drive maintain positive contact with surface 

winding drum and give con center rewind torque on 

cach ait width. Slitting by shear, razor blade or score cut. 
SPECIFICATIONS 


@ Speed . . . through 1500 FPM @ Web Widths . . . as desired 
®@ Rewind Diameter . . . 30" standard. Larger on request. 


For paper, tape, all plastic films, foils and laminates, 


MODEL 815 . . . designed for high speeds, the Model 815 

handles light, stretchy films and heavy paper with equal facility, 

Supplied for shear, razor blade and/or score cut slitting. Air 

operated unwind and rewind tension controls. 
SPECIFICATIONS 


@ Width—through 72" @ Rewinds available from 3" |.D. 
@ Minimum Slit Width—%" cores and u 


© Web 1,500 FPM. © Rewind Diamgter—24" with or 
( is on slit widths, without individual lay-on rolls for 
material and drive). each slit width. 
MODEL 635 . . . can be supplied for shear or razor blade 
slitting. Air operated unwind and rewind tension controls. 
SPECIFICATIONS 
© Width—through 62" @ Web Speeds to 600 FPM. 


@ Rewinds available for 1" — on slit widths, materials 
through 6" 1.D. Cores. and drive. 


) 
@ Minimum Slit Width—/," © Rewind—13'2", 18" and 24" diameter. 
(Se | Sete ROR Re RR LSE TS RRNA 


For cellophane, acetate, butyrate, polyester, n 
polyethylene, polystyrene, tefion* and triacetate films. 
*Du Pont Reg. Trade Mark 
MODEL 810. . . compact, low-cost razor blade Slitter. The 
capacity of the Model 810 is equal to that of many larger 
machines. Manually operated . . . no air required. 
SPECIFICATIONS 
® Maximum Web Width—62" © Drive—2 HP electronic variable speed 


® Maximum Rewind Dia—18" © Power Requirements—220 Volt 60 
® Maximum Unwind Dia.—24" 


i cycle single phase 
® Maximum Speed—500 FPM © Unwind Shaft—1"%" diameter for 
®@ Rewind—3" |.D. Cores 3” 1.D. Cores. 


JOHN DUSENBERY COMPANY, INC. 
379 ALLWOOD ROAD, CLIFTON, N. J. 
Tel: PRescorr 3-6800 


= ENGINEERED 
= CONVERTING 
=> EQUIPMENT 





OPENING NEW HORIZONS 


_in economical power application 


ER TEMPERATURE EX7 


DAMAGE-PROOF PISTON RODS 





Flick-Reedy... Winner of ‘‘Plant of the Year’’ Award and ‘‘Silver Anvil'’ Public Relations Award 


Miller Hydraulic Cylinders make impossible applications 
look easy. With Teflon Seals, Case-Hardened Rods (50-54 
Rockwell C), Patented “Shef” Tubing End Seals, and other 
exclusive standard features, these cylinders are practically 
damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 
Our ultra-modern, new “Plant of the Year” with its hydraulic fluids. Built to exceed J. I. C. Specifications, these 
special facilities and operating economies enable us cylinders are achieving new highs in production and operating 
to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 
“stock” selection of: Packed Model H for 3000-5000 psi and Job-Rated Model J 
Model “H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 


Model “J” (Hyd.) Cylinders, 142” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders, 142” through 14” bores. savings. 


Strokes up to 36”, cushioned and non-cushioned. Write for literature. 


ag MILLER FLUID POWER 


7NO30 YORK ROAD, BENSENVILLE, ILLINOIS 





THE MARK OF 
QUALITY 


IN EXTRUSION INSTALLATIONS 


AND ACCESSORIES 


Whether you are in the market for an extruder, a complete extrusion 
installation, or accessory equipment, Frank W. Egan & Company will 


meet your every requirement. 


Egan offers a complete line of extruders—direct electric heat, air cooled, 
or the highly advanced “Willert Temperature Control” model. All units 
are equipped with heavy duty thrust bearings, herringbone gear speed 
reducers, and many other superior operating and maintenance features. 


Egan Extruders are available in sizes from 2” through 12”, vented or 


non-vented, with L/D ratios of 20:1, 24:1, 30:1, 32:1. 


FRANK W. EGAN & COMPANY 
SOMERVILLE, NEW JERGEY came scoress. ecanco—somevue, wet 


MANUFACTURERS OF PLASTICS EXTRUDERS & ACCESSORIES: PROCESSING 
MACHINERY FOR PAPER, FILM @ FOIL. AIR DRYING SYSTEMS: ROTOGRAVURE 
PRINTING PRESSES: TEXTILE FINISHING MACHINERY 


LICENSEES REPRESENTATIVES 
ENGLAND-—BONE BROS. LTD.. Wembiey pie ING. LEO CAMPAGNANO. Milano 
FRANCE a | og REMY & CIE. Paris MEXICO—M. H. GOTTFRIED, Mexico, 0.F 
GERMANY —ER-WE-PA. Gmbit. 
JAPAN yy oe a seniv MFG. CO.. LTO 
t— CHUGAI Soren! to) Tokyo 


up to 120” wide, single 
or double unrolis, cocting units, edge trimmers ond 
trim disposal units, surface or center winders, cooling 
ond circulating systems. 


~ CAST FILM: Dies up to 120” wide, 
film casting units, cooling and take- 
off units, edge trimmers, trim dis- 
posal systems, avtomatic winders. 





The extruder illustrated below incorpo- 
rates the patented ‘‘Willert Temperature 
Control System" —oa completely auto- 
matic, self-contained system, which 
provides the optimum in uniform tem- 
perature control over the full length of 
the extruder barrel, thereby assuring 
constant melt temperature. 


PIPE: Straight through or offset type dies 
up to 12” (used with extended water 
cooled mandrel, external sizing rings or 
external sizing sleeve), cooling tanks, 
roller or belt type pullers, coilers. 


Tags & 
“Qos 


: 
; 
ee 


LAYFLAT TUBING: Low base extruders (die ~ SHEET: Dies up to 80” wide incorporating an 
more readily accessible); patented, center adjustable restrictor bar, three-roll finishing 
fed thin-wall tubing dies up to 80” diam- units, automatic shears, automatic stackers, 
eter; cooling rings, converging take-off winders. 

units up to 240” wide, winders. 























COATING AND HANDLING SYSTEMS 
for 
TEXTILES - PAPERS - FILMS - FOILS 

















ROLLEVATOR, OVENS 





For the maintenance of constant heat exposure in web 
treating systems regardless of changes in line speeds, 
including stoppage. 


PLASTISOL COATING SYSTEMS 


The application of high solid vinyls to webs is accom- 
plished with IOI integral coating, fusing and embossing 
systems for producing a multitude of end products. 


ORGANOSOL COATING SYSTEMS 


These IOI systenis apply organosol dispersions in 
volatile solvents to webs at high production rates to 
produce artificial leathers, pressure sensitive tapes, book 
cover cloths, etc. 


HYDRASOL COATING SYSTEMS 


For the application of water dispersions of various 
resins, such as vinyls, rubbers or neoprenes, to various 
webs for such uses as paper backup for tapes, decorative 
papers or industrial fabrics. 


IMPREGNATION SYSTEMS 


For the continuous saturation and impregnation of one 
or several webs under complete process control using 
polyesters, latices, varnishes and silicones—for many 
important industrial products. 


SILICONE CURING OVENS 


Batch or continuous operation with silicone rubbers or 
resins for molded, extruded or coating applications. 












































Write for descriptive literature, specifications 
and complete detailed information 


13817 TRISKETT ROAD S 2, CLEVELAND 11, OHIO 

















“ON! ‘SMYOM JANIHOVW 


JWNIWY * S¥3SSOGNA + $38S3¥d “sug / vossayeg “Ooo sSsouppy BINED + SGuGG LUIGI » AISUR! MAN ‘y NOSHILVd ~ 173415 HILT 1Sva Sy? O oe | LAI + Hi 


ibe jeo1w0U0se *‘LLUI@POW ‘}UBIDIJ49 40} OQ] O} HOO} S19SS99010 WjI} a1ysejd Ay aas “s}SO9 Buizes9dO puke |el}!U! JSOMO] }E Ayyenb yseq 
} uolyonposd 49382} NOA SAIS ||IM YASSOGWA-YOLVNIWW1 843 MOY 89g "sUNJ jeyuowliedxe 1nO0A yyM pazenjeas aq Aew mou }| ‘MY3SSOEWS 


JW] Mou S,0GUua] MES OYM SJO}SIA UOIPTSOUXA SdiNSejg jO SpuesNOoy} o4} Suowe oem NOA sdeyseg “uoNesedo aulyseW BuO e 
Aajjea pue Suissoquis ‘Suijeulwe] epeuw 


Ud] BuIsS Bulssed0id wy |AUIA Ul JUBLU@ UeApe yueyodui! sow oy} ye BulyOo] G4e NOA 


a 
is 




















PROPORTIONING 
TEMPERATURE CONTROL 
with ADDED SAFETY 


For injection Molding, Blow Molding, 
Extruders and Heat Sealing Machines 


HERE'S WHAT IT DOES— 


1. Prevents starting of machine before plastic 
reaches correct molding temperature. 

. Will automatically shut-down machine if any 
heating element fails and the plastic drops 
below molding temperature. 

. The Alnor time proportioning control system 
accurately proportions the heat supply, thus 


maintaining the optimum temperature at all 
times. 


. Plug-in terminal features available. 


. The extremely rugged construction of the 


Alnor Controller makes it highly resistant to 
machine vibration and puts it in a class by 
itself for reliability. 


Alnor—leader in temperature 
PYROCON indicating instruments since 1919. 


‘4 


ALNOR INSTRUMENT CO. 


Division of Illinois Testing Laboratories, Inc. 
Room 526 + 420 North LaSalle Street « Chicago 10, Illinois 


INSTRUMENTS 








SINCLAIR-COLLINS 
Diaphragm-Operated Valves 


3,000 PSI, 4-WAY SEMI-AUTO- 
MATIC air operated, handles 


oil, water, glycol-base fluids, 
1-2 in, NPT. 


| SWAY OR R T- 
i norte ttre afioane 4,000 PSI, 3-WAY AUTOMATIC 2-pressure, 
Va-3 in. NPT. . “ avto-nevtral, throttling, Y2-3 in. NPT. 


150 AND 300 PSI, DIRECT ACTING eS SS ae 4,000 AND 6,000 PSI, 2 AND 3-WAY 


globe body, top-guided stem, V4 - 3 WAY, 1-3 in. NPT compact design, prety 1 nop nal ere ‘2 in, NPT. 
positive sealing, bridge yoke. 4 " ” 


FOR HOT OR COLD RAW WATER, OIL, AIR, STEAM SERVICE 
2, 3, AND 4-WAY © SINGLE OR TWO PRESSURE 

HIGH OR LOW PRESSURE + AIR OPERATED 

AUTOMATED OR REMOTE MANUAL CONTROL 

IDEAL FOR CENTRAL RAW WATER HYDRAULIC SYSTEMS 


Chances are, you'll find the answer to your control valve 
problems in Sinclair-Collins’ line. Sound design and highest 
quality construction . . . Stellite stem seats, Monel stems, 
hardened replaceable body seats, heavy-duty bronze, 
ductile iron or cast steel bodies . . . these and many other 
"= features assure leak-free performance . . . resistance 
250 PSI, 2-WAY V-PORT MODULAT. to corrosion . . . elimination of seat wire drawing . . . longest 
ING controle & ‘ service life. 





bes flow, direct or reverse acting, 
lable ct For application engineering recommendations, contact your 


nearby Sinclair-Collins field engineer. 





cor more information, write for TTT Ld eV) a4) eo) ee ae 


ollins Valve Company, Akron 11, 
hio, Dept. MPE-61. DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
AKRON 11, OHIO 








PRESSES 


Arbor Hand-Operated Power-Operated 
Presses Hydraulic Hydraulic 





"U.S. MIXING and GRINDING UNITS 
High Production - Long Life - Dependability 


Minimum Maintenance 


FIBER DRUM TUMBLERS — Safe, easy, fast mixing of 
materials in standard fiber drums Units handle 
2 drums, feature floor-level loading, adjustable, 
quick-release drum holders and built-in drum ex- 
tenders. Capacities up to 850 lbs per drum. 
Heavy-duty construction throughout provides 
rigidity for handling unbalanced loads. 


fiber Drum Tumbler 

with floor-level load- ‘ 
ing, drum extenders and quick. 
acting toggle clamps. 


STEEL DRU‘A TUMBLERS — Quick, effective, economical 
mixing right in the steel shipping drums. Self- 
adjusting drum clamps and optional built-in hy- 
draulic drum lifts make operation easy, safe. Heavy- 
duty construction assures smooth-running, long life. 
Units to ‘handle either 1 or two standard 55-gallon 
drums. Up to 1,000 lb. loads per drum. Constant or 
variable-speed drives. 


we steel Drum Tumbler with optional 
hydraulic drum lift and explosion-proof 
motor and controls. 








Fig. 802DV Jar Mill with variable- 
speed drive and optional ‘‘start- 
stop” controls. 


Fig. 758 Conical “Blender with 
timer, magnetic starter and 
push-button controls. 


Fig. 564 Porcelain Ball Mill with 
time controls and electric brake. 





CONICAL BLENDERS — Widely 
used for rapid mixing or 
blending of dry powders where 
no change in particle size is 
desired. Blending time, less 
than ten minutes. Capacities 
from % cubic ft. to 2,000 
cubic ft. Fabricated in any 
metal or alloy, unlined, or 
lined with rubber, Neoprene, 
Tygon®, or fiber glass rein- 
forced polyester resin. Fur- 
nished with disintegrating in- 
tensifier bars where desired. 


WRITE OR PHONE for complete information on 
“U.S."" GRINDING AND MIXING EQUIPMENT 


BALL MILLS — Capacities from 
laboratory batches of 12 gals. 
up to 4,000 gals. to meet 
high production requirements 
Cylinders _ be solid porce- 
lain, or steel, lined or unlined, 
jacketed or unjacketed. Op- 
tional controls, drives and 
accessories provide infinite 
versatility to meet specific 
needs most efficiently. 


PROCESS 
EQUIPMENT 
DIVISION 


se 
COS SSESSSESEESSSSESSHSSESSHSSHSSESSESSSSESSESESSEHEEES 


AKRON 
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I 


Zs 
U. S. STONE 


JAR MILLS—“Unitized,” space- 
saving, sturdy, easy to oper- 
ate Single or multi-tier units 
roll 1 up to 24 jars or other 
round containers of 4% pint to 
6% gallons. Patented Neo- 
prene rollers eliminate static 
yet meee keep jars centered. 
Optionals include cabinets, 
casters, timers, tachometers, 
clutches, variable-speed drives 


———. 
—S 
— 


ARE 
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MODEL | 


Screw dia 


| $J-35 SJ - 50 $J - 60 


1 3/\6 1 3/59 


2 2/¢4 
14,500 ~ 


Inj. 


$J)-75 


2 ug 


SJ - 90 
3 35/64 


$J - 120 


$J - 150 





pressure (mox) 


16,500 ~ 


15,500~ 
28,000 


23,000 28,000 


Maximum Injection 


15,500 ~ 
28,000 


16,000~ 
30,000 


4 23/3 


14,500~ 
30,000 


5 29/3 


10,000 ~ 





, 6 (170) 16 (455) 32 (910) 
capacity per shot 


Clamping force 84 


72 (2,400) 


120 (3,400) 


360 (10,400) 


28,000 


1,100 (31,000) 





195 310 








Clamping stroke in 11 13/16 








480 





850 


1,250 


2,500 





17 73/32 | 21 2/32 


31 '"/2 


35 7/ 





416 





36 '/4 





71 





MEIKI CO., LTD. 


HYDRAULIC DEPT. 
1, 2-chome, Shioiri-cho, Mizuho-ku, 
Nagoya, Japan 
Cable: MEIKILTD NAGOYA 


= 


Any thermoplastics; unplasticized PVC, ABS, Acetal, Nylon, Polycarbonate etc. can be successfully molded. 





OUNCES 


No manufacturers in the world have ever been producing so wider 
range of injection molding machines as Meiki, whose products... 
In-line Screw machine (SJ-series ) 6-1100 oz 
Plunger type machine (H-series) 1'/2-600 oz 
Straight clamping system up to 3000 tons 
Toggle clamping system 450 tons 
Any type or any size of injection molding machines 
are available from Meiki ! 
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MACHINES THAT HARNESS HEAT 
FOR PRODUCTION 


FUSING — CURING — DRYING 


Dawson manufactures fusing, curing, and 





A unique air contact heating method 


drying ovens for efficient, profitable produc- allows easy handling of any thickness of 
tion. Units can meet any requirements and coating, and gives extremely reliable tem- 
manage any materials. And they can be used perature control and high efficiency of heat 
for a wide variety of jobs, including fusing transfer. Dawson units are increasing pro- 
and preheating vinyl plastics, curing resin duction efficiency for plants all over the 
impregnated textiles or paper coatings, and nation, with maximum safety, speed, and 
as booster drying ovens. In addition, Dawson accuracy. Your engineers are welcome at 
units are economical . . . cutting production our plant anytime, to supervise tests which 


costs in time, space and heat. 


determine the Dawson unit suited best to 
your production. 


@ Write Now for Free Catalog 


DAWS Oo N Engineering Company + CANTON, MASSACHUSETTS 
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STANDARD 
MODELS 
for 


PLASTIC 
MOLDING 


© Laminating 
© Rubber Molding 
© Vulcanizing 
© Powdered Metal 
Molding 
© Embossing 
* Pressure Bonding 
* Compacting 
® Grinding Wheel ATLAS 


Molding” 
























































Pimls(GUSIOIN 
LABORATORY PRESSES 


WRITE FOR CATALOG #88-E 
Describes a complete line of hy- 
draulic presses designed for ex- 
tremely accurate research, develop- 
ment, and small production work. 
Standard capacities range: 20 to 300 
tons in both hand and power- 
operated models. Custom-built units 
available for special heat and pres- 
sure applications. 


HYDRAULICS DIVISION 


@ Assembly Gluing Delaware Valley Manufacturing Company, Inc. 
3572 Ruth Street. Philadelohia 34. Penna. 











STEAM ELECTRIC 


HEATING COOLING 
or HEATING and COOLING 





Quality ee AT A PRICE 


Deliveries . . . 10 samisry your 
MOST URGENT NEEDS 


PLATEN SIZES Up To 
84” x 20’ 
ANY REASONABLE THICKNESS 


CUSTOM ENGINEERING CO. 











P. O. Box 1343 Phone Glendale 6-7011 @ Erie be 











Campbell-Fent 


of the Complete, Proven Line 


RUBBER 
AND 
PLASTICS 
MACHINERY 


Here is available eighty-seven years v 


of experience in the production of ma- 
chinery thoroughly proven in the manu- 
facture of rubber and plastics products. 


DESIGNING AND DEVELOPMENT ore 
by Campbell Machinery Development 
Co. under tne direction of John Campbell 
whose career of 33 years has resulted 
in the origin of many machines widely 
used in these industries. 

The Campbell equipment listed herein 
was formerly manufactured by FEMCO 
under license from The Campbell Ma- 
chinery Development Co. The licensing 
arrangement has now been transferred 
by the latter company to The KENT 
Machine Co. 


MANUFACTURING AND SALES ore 
handled by the Kent Machine Co., a 
Division of The Lamson & Sessions Co. 

The Kent Machine Co. since its found- 
ing in 1907 has been a principal supplier 
and builder of rubber machinery. 

The combination of The Lamson & 
Sessions Co., The Kent Machine Co. 
facilities and the Campbell design 
experience makes available complete 
design and manufacturing services. 


SPECIAL SERVICES 


In addition to the thoroughly proven 
machines mentioned herein we also re- 
fine, engineer and build other machines 
based on customer's ideas. 

New machines available are — 4- 
wheel Vertical Saw, Mattress Cutter and 
Multiple Head Conyeyorized Splitter. 

The advice of our sales engineers is 
Gvailable without obligation. 

Write, phone or call. 


CHECK ITEMS 
OF POSSIBLE INTEREST 
tear off and mail 











"Roll-Lift” Die Trimmers 
Slab Slitters (Plastic Foam) 
Slab Sitters (Rigid Foam) 


Roli Plastic Foam Slitters 








Cushion Cutters 
Laboratory Model Slitters 
V-belt Manipulators 
V-belt Skiving Machines 


A FEW 





MACHINES ¢— 


TABLE TYPE SPLITTER 


Accurately and speedily levels 
and splits Urethane Foam and like 
Foam Cellular products. 

The manual or powered table 
moves the material through the 
cutting head. 


Compression roll vertical adjust- 
ments are % in. to 6% in. above 
knife. Knife adjusts % in. to 30 in. 
above table. 


Machines are available to split 
blocks of foam equal to or less than 
their table dimensions which are: 
64 in. x 96 in., 72 in. x 96 in. or 
84 in. x 110 in. 


THE 
COMPLETE 


ing Machine 





V-belt Notching Machines 


V-belt Measuring and Match- 


V-belt Curing Cans and Cages 





t— +¢ 


CONVEYORIZED BISECT SAW 


Handles hard blocks of Polystrene, 
Bead Board, Urethene Foams and 
similar Plastic Foam Materials. 

Cuts block up to 24 in, thick into 
Ye in. to 2 in. sheets at speeds from 
15 to 45 F.P.M. 

Dual input compression rolls adjust- 
able from % in. to 3 in. above the 
knife hold down the block. 

Available with self-indexing head 
which lowers blade to correct position 
for each cut. 

Handles blocks up to 50 in. x 150 in, 
(Other sizes built to special order.) 


FOAM ROLL STOCK SPLITTER 


Splits stock at speeds from 11 to 90 
feet per minute, depending upon 
material. 

Feed rolls, adjusted to desired cut, 
guide material into cutting blade. 
Micro dials indicate thickness of cut. 

Has roll-up conveyor with power 
wind-up at upper and lower stations. 
Stock is rolled on a surface wind-up 
principle. 

Feed assembly available with either 
input conveyor or gravity feed roll. 

Available in 65 in. and 78 in. widths, 


Address All inquiries To 


Canpbell-Fent 


East Portage Trail 


Cuyahoga Falls, Ohio 


Horizontal Belt Molders 
Soapstone Dispensers & Dusters 
Foam Rubber Bagging machines 
Floor Tile Cutters 





Approximate 
actual size 


sim pliutied 
S)DIFAW oum applies dual 


component materials as easily as paint 


And it’s as easy to handle as a conventional spray gun. = Because 

it has sensitive, accurate adjustments for producing normal fan or 

round type spray patterns, no special spraying technique to attain 

more uniform film builds is required. =» Gun is designed to spray POR TOT 
lower viscosity polyester materials, attaining improved intermix, 

better flow-out and higher film build. » Component materials mix D E Vi LBISS 
thoroughly in the spray pattern as they leave the gun and before 

they reach the surface. =» This intermixing outside the gun elimi- Vt 

nates problems of material setup in the nozzle and the need for . 
immediate gun flushing characteristic of short pot life mixtures. = 

For full details on the new DeVilbiss dual component spray gun, 

write us direct. The DeVilbiss Company, Toledo 1, Ohio. 


SERVICE, CAL 











SHELLS 
ROLLS 

CORES 
to serve the 


TEXTILE « RUBBER + PAPER + PLASTIC 
and other industries 


The CAP WELD SHELL shown above is made 
with square metal tube extending through 
the entire length of shell. 


The MACHINE ROLL is made from glued or 
solid stock, with journal through entire 
length, or gudgeons in the ends. 


OTHER OPTIONAL TYPES 


* CAPPED END SHELLS * CAPPED SQUARE SHELLS * LAG ROLLS 


Supplied in Stendard Di ters; other D 
to 16” and Length to 11° on special order. 


Send For Descriptive Brochure 








2 MAITLAND AVE 


CYLINDER MFG. CO. 


HAWTHORNE, N. J 
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5 = DYNATHERM 


ELECTRONIC 
HEAT SEALERS 


=YEARS AHEAD in 


——— FEATURES 
————® PERFORMANCE 
—————— PRICE 


EXCLUSIVE: 


@ HEAVY DUTY INTEGRATED UNIT 
©@ PATENTED SWING DOOR 


@ TAKES LESS FLOOR SPACE 
THAN ANY UNIT ON MARKET 


@ CENTRAL CONTROL PANEL — 


SIZES 


1 to 10 kw — IN STOCK 
12 to 50 kw — ON ORDER 














WRITE FOR 
FREE CATALOGUE 


Dynatherm Division 


GUILD ELECTRONICS, 


388 BROADWAY + NEW YORK 13°N. Y. 








NOW! FOR INDUSTRY... 
BETTER PRESSES 


WORTHY OF THE NAME 


Top management in the Rubber Plastic 
industries prefer EEMCO customized 
presses. They are tailored to meet today’s 
automated Transfer, Compression, and 
Laminating requirements for better plas- 
tic, reinforced fiberglass and rubber 
products. 

Engineered and designed to be worthy 
of the name, EEMCO presses offer 
high operating efficiency at minimum 

costs. 
Ask for specific information “How 
ERIE ENGINE Can Help You 
Meet Today’s Manufacturing 
Needs”. 
Send for complete informative litera- 


ture. Convenient lease and time pay- 
ment plans available. 


REPRESENTATIVES IN PRINCIPAL CITIES 


engine a@ mfg. co. 


ERIE, PA...PHONE GL 4-7111 


erie 











DESIGNERS and BUILDERS OF 
PLASTIC AND SPECIAL 
MACHINERY... 


Years of experience in the field has earned for 

FAECO the design and engineering “know 

how” to accurately interpret customer <a 

needs in adapting standard equipment an FAECO Multi 


: Purpose Embossing 
to meet custom requirements. and Printing Machine 





id Rings FAECO Turret 
e Blown Film Take-Off Winder — Model 


TW 250 
e Sheeting Dies 

Casting Roll Units 

Embossers 

Laminators 

Printing Units 

Blown Film 

Tubing Dies 





FAECO Layfiat 
Tubing Haul-Off 
and Surface Winder 


MACHINE CO., INC. 643 Twenty First Avenue ¢ Paterson 3, New Jersey © ARmory 8-0121 

















Ww A TT 4 © Wécrric HEATING UNITS 


for all molding operations 


NARROW-BAND HEATING UNITS 
for injection| extrusion molding 


FIREROD 
CARTRIDGE HEATING 
UNITS 


8 TIMES MORE HEAT THAN ANY 
STANDARD CARTRIDGE HEATING UNIT. 


@ More effective for today’s higher 
@ CONSTANT, molding temperatures because 
UNVARYING HEAT of higher watts densities and 
@ FEWER BURNOUTS temperatures. 
@ EASY INSTALLATION Longer cartridge life—from 5 to 
ON REPLACEMENT 8 times standard units. 


The non-expanding clamping bond assures tight fit, 
unvarying heat concentration, at any temperature. 
The thin cross-section of insulation, plus high dielec- 
trie strength, means lower internal temperature, 
minimum’ temperature lag, fewer burnouts. Simple 
unit-by-unit replocement in either one or two piece : : pre me 
design involves only fractional heat loss during the Sales Representatives in principal cities 
operating cycle. 


More heat in less space. 


Write for Watlow Catalog 


WATLOW ELECTRIC MANUFACTURING CQO. 


Route 2, Box sss / st. Louis 41, Mo. 








THERMEL 
Engineered Heat 


has solved many 
of the toughest 
jobs in 

the. Plastics 
Industry! 


RADIANT 
THERMATUBES 





THERMEL “Custom-Built” jobs are 
constantly turned into Standards 
that are-accepted in the Industry! 


oe 


THERMASTRIP 
THERMAHEATERS HEATERS 


Enameled 
Terminal 
Box 


THERMASTRIP BANDS 





THERMAROLL 


RING YOUR PROBLEMS TO US — NONE TOO LARGE — NONE TOO SMALL 


Phermel. inc. 9408 Robinson Road, Franklin Park, Illinois 


“A Suburb of Chicago” 













If you plan to produce: 
blow molding. 

film & sheeting 
monofilaments 
insulated wire 

tubing * rods * pipe 
shapes ° profiles 
general extrusion 


an Olympia extruder 
can be “imagineered” 
to your needs. 



























a : 
ce cam 
eg 

their Why not 
put heaton oe 
extruder sizes from 1% 
to 6 with L/D from 20:1 
to 24:1, 


TOOL AND MACHINE Co. 
119-121 DELANCY ST. « NEWARK 5, N.J.* MArket 2-4219 




















for your films and laminates 


Complete Controlled Two-Way Orientation 


-- _—- 
— = 








@ For Pilot Plant 
@ For Full Production 


MARSHALL and WILLIAMS CORPORATION 


GREENVILLE, §. ¢ 


PROVIDENCE, R. lI. . 





Design Experience . . . available on call. 


M & W special tenter- 
ing or tensilizing 
equipment for plastic 
film, when used in conjunction. with 
a longitudinal stretcher, assures you 
complete controlled orientation, both 
laterally and longitudinally. Equally 
effective for other processing, with or 
without stretch. Automatically conveys 
film smoothly and wrinkle-free. 


Our installations are now operating 
in some of the largest plants which 
produce films (including coated), flex- 
ible sheets, laminates.. We engineer 
to your specific purpose — from units 
21’ long to high-speed production units 
150’ long—in any maximum film width. 


Use our design experience—40 years 
solving similar problems in the han- 
dling of various materials. 





—- > we 


— = namo SA oT Oo UCT CO CD 


Qo te = 


oyna 


Beside-the-Press  Granulators 
in a complete range of. sizes. 





Hi-Speed Pelletizers to han- 
dle entire extruder output. 





Alsteele 5 x 10” Heavy Duty, 
Water-Cooled Chunk Grinder. 




















Get better 


VERSATILE ALSTEELE GRANULATORS 


Alsteele Granulators handle the entire range of thermoplastics, whether 
the material be .001” film or 11”-thick chunk solids. Even the largest molded 
objects require no prior sawing. And Alsteele Granulators cut polyethylene 
and vinyl so the bulk factor will approximate your virgin material. 

For extra durability, the Granulator cutting chambers are all steel-. . . for 
extra strength, the hardened forged rotor is machined from all steel . . . and 
for smooth, constant cutting the two large heavy duty flywheels are all steel. 
Heavy duty machines are water cooled. 

To meet your every need in plastics reducing machinery—whether for 
beside-the-press operation or for heavy duty chunk grinders—Alsteele 
Granulators come in 26 models ranging in size from 3HP to 200HP, with 
cutting chambers up to 5’. 


PRECISION ALSTEELE PELLETIZERS 


The Alsteel line of pelletizers works with extruders 2,” to 8” or larger. 
instant synchronization with an extruder is made possible by a varidrive. 
And ease of operation, maintenance and cleaning is insured by extremely 
compact design. 

Additional features are excellent uniformity of pellets and clean cutting 


—_—* on elastomerics. A greatly lowered noise level is still another 
enetit 





Write or cal! Alsteele 


for fome of your 

fearest repre sentat ive, 
ond free illustrated 
brochure containing 
Prices, performance and 
Pecification dota 














sm ALSTEELE 


GRANULATORS & PELLETIZERS? 








Alsteele Granulator: 100-150-200 HP 


ENGINEERING 


84A HERBERT ST., 


WORKS, 
FRAMINGHAM, MASS. TRinity 5-5246, -5247 


NUFACTURERS OF THE LARGEST AND MOST COMPLETE LINE OF GRANULATORS AND PELLETIZERS. 








Alsteele Granulator, Model 
24 x 36, for grinding very 
large molded parts without 
prior cutting. Several models 
in this series can granulate 
entire refrigerated door lin- 
ers. Available in sizes 12 x 
24”, 12 x 36”, 12 x 48”, 12 
x 60”, 24 x 36”, or larger. 















NC. 









EQUIPMENT FOR INJECTION MOLDING 


The importance of fully plasticat- 
ing and homogenizing the plastic 
melt prior to injection into the 
mold has recently become in- 
creasingly apparent and consid- 
erable development work has 
been done in the design of in- 
jection machine plastication sys- 
tems. Most notable in this trend 
has been the adoption of the ex- 
truder screw as a plasticating de- 
vice for injection machines. 


Screw pre-plasticators 


Of two approaches to this plas- 
ticating method, the newest is the 
reciprocating screw injection cyl- 
inder, developed in Germany 
about three years ago. In this sys- 
tem the screw not only rotates 
but also moves back and forth 
within the injection cylinder. 
Thus, the screw plasticates the 
material to be molded and also 
acts as an injection ram. This ma- 
chine is often dubbed a pre-plas- 
ticator, but it is not a true 
pre-plasticating machine; the 
plasticating and injection func- 
tions of the machine are not sep- 
arate but take place within the 
same cylinder, as in the conven- 
tional torpedo type. In general, 
the reciprocating screw is supplied 
as original equipment and does 
not easily lend itself to incorpo- 
ration into existing machines 
without major modification of the 
entire injection end. 

The second method of screw 
pre-plastication consists of using 
an extruder to feed a conventional 
ram injection cylinder. The screw 
extruder is usually mounted 
above the injection cylinder, so 
it is relatively simple to incor- 
porate this device into existing 
injection machines. A _ special 
valve channels the output of the 
pre-plasticating extruder to the 
injection cylinder and the output 
of the latter to the mold. 

The idea of using an extruder 
as a pre-plasticator for injection 
machines dates back 10 years or 
more, when such systems were 
employed on machines made by 
Jackson and Church. Early de- 

- signs did not prove very popular 
and little interest was shown in 
such systems until recently when 


the extruder became recognized 
as one of the most efficient of 
available methods of plastication. 

Because of the intensive mixing 
and shearing of the material in 
the extruder and because of the 
forced convection type of heat 
transfer which is induced by 
the rotating screw, the plastic 
melt is delivered to the mold 
thoroughly plasticated and homo- 
geneous as to temperature and 
viscosity. This uniformity makes 
possible several product quality 
improvements: reducing orienta- 
tion in the part; improving color 
dispersion in dry colored parts; 
and minimizing part shrinkage 
variations. Machine operation also 
benefits because lower operating 
temperatures decrease the risk of 
thermal decomposition and reduce 
cycles. Molding of very viscous 
melts is also facilitated by using 
the extruder pre-plasticator. 

Similar to the reciprocating 
screw or extruder plastication 
systems, in that it produces a 
forced convection type of heat 
transfer in the melt by an inten- 
sive mixing and shearing action, 
is the rotating spreader cylinder 
announced early in 1961 by Du 
Pont engineers. In this system, a 
finned torpedo is rotated by a 
shaft which passes through the 
injection ram and is driven by a 
motor mounted at the rear of the 
cylinder. Advantages for this type 
of plasticating cylinder are simi- 
lar to those of the reciprocating 
screw system. 


Standardization 


Another praiseworthy trend in 
machine design is the standardi- 
zation within each machine build- 
ers plant and _ industry-wise 
among machine builders. 

In the first area, modular con- 
struction has been introduced into 
machine design. As a result, the 
same frame may be used for sev- 
eral sizes of machines in terms 
of size of injection system and 
shot capacity. Likewise, different 
capacity clamping systems are in- 
terchangeable; and the modular 
idea has been carried to control 
consoles as well. This allows the 
machine builder to offer a rea- 


sonably wide choice among com- 
binations of clamping and injec- 
tion systems. By minimizing the 
number of different components, 
the machine builder can also of- 
fer the customer this choice with- 
out substantially increasing cost. 

The standardization of machine 
components common to all ma- 
chines is also going on at the 
industry level through the aus- 
pices of The Society of the Plas- 
tics Industry. This work has 
resulted, for example, in the pub- 
lication of recommended mold 
platen designs which standardize 
the location of mold mounting 
and knockout holes. 

Chief advantages of the stand- 
ard mold platen are simplifica- 
tion in mold design and the ability 
to run the same mold in several 
different machines interchange- 
ably without the necessity of any 
major design modifications. 


Over-all machine design 


Several off-beat injection ma- 
chine designs have come onto the 
market within the past few years. 
Some exemplify the trend toward 
special machines to produce spe- 
cific products in large quantities 
in captive plants. Others have 
been designed for general use. 

Among the latter is the com- 
pletely mechanical machine, in 
which rotating wheels, through a 
system of cams and linkages, pro- 
vide both platen clamping and in- 
jection ram motions without a 
hydraulic system. 

Another general-purpose ma- 
chine has its clamping platens lo- 
cated outboard of the unit. This 
design allows molded parts to 
drop free of the molds vertically 
onto a conveyor or into a packing 
carton. The outboard location of 
the platens also facilitates mold 
maintenance and changes. 

In another novel design, the in- 
jection cylinder is located with its 
centerline off-center with respect 
to the stationary mold platen 
This allows molds to be fed 
from one side across to the 
other side. Using this method of 
injection is said to improve the 
structure and strength of 
molded part, produce stress-‘! 
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parts, and promote uniform 
shrinkage within the mold. 

In recent years there has also 
been a flurry of activity in build- 
ing multiple-station, rotary in- 
jection machines, wherein several 
molds are filled in sequence from 
a single cylinder as they are in- 
dexed by a rotating mold platen. 
This system is designed to speed 
up the cycle of the injection ma- 
chine by liberating the injection 
cylinder from the limitation of 
having to remain inactive while 
the part cools in the mold. How- 
ever, multiple molds result in 
higher initial capital investment 
in tooling, and an economic anal- 
ysis should be made to determine 
if the quantity of parts to be pro- 
duced warrants the higher mold 
investment. Many of these ma- 
chines have been designed for 
high-speed automatic molding of 
plastic containers and other small 
parts. 


Special machines 


In the special machines cate- 
gory, units are available for such 
jobs as insert molding of electri- 
cal extension cord plugs with 
molded-in conductors and prongs. 
This type of insert work usually 
requires a vertical machine in 
which the platens close on a hori- 
zontal parting line. The use of 
horizontal mold faces simplifies 
the loading of inserts. The injec- 
tion cylinder in this type of ma- 
chine may be mounted with its 
axis vertical, or horizontally at a 
right angle to the mold clamping 
action. 

Because of the great number of 
different injection machine de- 
signs, a complete coverage of all 
types and sizes is beyond the 
scope of this section. For detailed 
information on the many ma- 
chines available, the reader is ad- 
vised to consult the injection 
machine manufacturers listed in 
the Directory (see Index on p. 
1060) and refer to the Advertisers’ 
Index at the beginning of this sec- 
tion. Also see section on Injection 
Molding, p. 656. 


DRY COLORING 


Three new devices designed for 
use with color concentrates now 
make it possible to color materials 
they are fed to the injection 
chine without the necessity of 
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first blending the colorant with 
the resin in a separate tumbling 
operation. 

The first of these devices is a 
proportioning hopper feeder made 
by Whitlock Associates, Inc. In 
this equipment, two feed bins are 
provided, one for the uncolored 
resin and the other for the color 
concentrate. The raw resin and 
the color concentrate are auto- 
matically metered in the desired 
ratio to a pneumatic hopper- 
feeder tube. 

Although, when using color 
concentrates, the concentrate need 
not be intimately blended with 
the raw resin prior to loading into 
the injection machine, the agita- 
tion of the material as it passes 
through the pneumatic conveyor 
tube does blend the two ingredi- 
ents and then discharges them into 
the machine hopper. 

A second device, developed in 
the Eastman Chemical Labora- 
tories, and dubbed the “pea- 
shooter,” is designed for mounting 
on the injection machine. Through 
a mechanical linkage with the in- 
jection ram, the feeder drops the 
required amount of color concen- 
trate into the feed throat of the 
machine along with the charge of 
uncolored resin for the next shot, 
without any conscious attempt to 
mix the concentrate with the un- 
colored resin feed; mixing takes 
place within the cylinder. The 
amounts are fed volumetrically 
by means of the ordinary volu- 
metric feeding device supplied 
with most injection machines and 
a similar device in the “pea- 
shooter.” 

The third method simply in- 
volves the use of two weigh feed- 
ers, which are set to deliver the 
proper ratio of weights of un- 
colored plastic and color concen- 
trate. 

All three methods are reported 
to produce color dispersions in 
the molded parts which are com- 
parable to the dry-coloring 
method using powdered pigments 
preblended with the resin. For 
best results, the use of a color 
dispersion plate in the nozzle of 
the machine is recommended. 


AUTOMATIC MOLDING 


One of the most pronounced 
trends in injection molding equip- 
ment design is toward completely 


automatic operation. Although 
not applicable in all cases be- 
cause of complexity of equipment, 
it is being applied wherever pos- 
sible. Practically all machines 
now on the market are designed 
for complete automation. Major 
stumbling blocks to automating 
the molding press are not in the 
machine itself but in providing 
for constancy of molding condi- 
tions, positive ejection of the parts 
from the mold, handling sprues 
and runners. 

An increasing number of ma- 
chines and devices are becoming 
available to solve these problems. 
More accurate temperature con- 
trol equipment along with more 
precise timers and better control- 
sensing elements are making au- 
tomation easier. 

Positive ejection provisions are 
largely a problem of mold design, 
but mold strippers are available 
which help in the design of auto- 
mated molds. 

The sprue and runner problem 
is being solved largely by the 
construction of runnerless type 
molds (which include hot-runner 
molds) and multiple nozzle ma- 
chines which permit injection di- 
rectly into the mold cavity with- 
out the need of a sprue and 
runner system. Both of these 
techniques, in addition to adapt- 
ing the injection machine for au- 
tomatic operation, also result in 
labor saving by eliminating the 
need for reworking scrap mate- 
rial. Where runners are unavoid- 
able, machine-side grinders are 
available which allow the opera- 
tor to refeed the scrap to the ma- 
chine immediately. 

Today, the injection molder has 
an ever increasing variety of 
auxiliary equipment to choose 
from, all designed to make his job 
easier and more profitable. In 
addition, constant development 
work is being done to improve 
injection machines and make it 
possible for the molder to handle 
more complex moldings. Inven- 
tion and innovation are far from 
dormant in the injection machine 
design area and it is expected that 
even greater advances will be 
made in the construction of the 
injection machines of the future. 
More specific data on auxiliary 
equipment can be found in other 
articles in this section. 
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To withstand the abrasive action 
of plastics materials passing 
through the tubular extruder cyl- 
inder, all modern barrels are lined 
with a hard metal alloy. The spe- 
cial alloy liner may either be in- 
serted and bonded as a separate 
shell or be integrally cast in place. 
The liner almost universally used 
today is centrifugally cast from 
an alloy called Xaloy or its cousin 
Xaloy 306.1 Because of practical 
production considerations, the 
cast liners are generally never 
produced in thicknesses below 
\\e inch. Xaloys are hard but brit- 
tle. Because of this brittleness, 
the cylinder wall to which an Xa- 
loy lining is bonded must be made 
relatively thick in order to keep 
mechanical expansion to a very 
low value and thus prevent crack- 
ing taking place. 

Two other barrel liner alloys 
are Stoody and Hastelloy. Both 
are more expensive than Xaloy 
and both must be installed as sep- 
arate liners—they cannot be cast 
in place. Stoody is only slightly 

——. a Waldron- 
Hestig | +e idiand-Ross Corp., Mountain- 

1Xaloy 306 produced and cast into 


and 
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harder than Xaloy and is rarely 
used because of its cost. Hastelloy 
is used in equipment for extrud- 
ing polyvinylidene chloride be- 
cause it has better corrosion re- 
sistance than the other liner 
materials (polyvinylidene chlo- 
ride sometimes breaks down in 
the extruder and liberates highly 
corrosive materials). However, 
Hastelloy is softer than Xaloy 
and is otherwise not generally 
used because of the expense in- 
volved. The softness of Hastelloy 
is such that care must be exer- 
cised in the insertion of the screw 
to avoid scratching the liner. 

For proper operation, the in- 
ternal surface of the liner must 
be extremely smooth and blemish- 
free. The diameter of the bore is 
usually held to a tolerance of 
+0.0005 inch. Concentricity is 
held to +0.0005 in. and the 
straightness of the bore is main- 
tained at +0.001 in./ft. of length. 
Such tight tolerances are required 
to minimize backflow. 

The output capacity of the ex- 
truder is also dependent to an 
extent on the absolute bore size 
or screw diameter. For extruders 
having similarly designed screws 
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and the same L/D ratios, the out- 
puts of two extruders may be ex- 
pected to vary according to the 
rough rule-of-thumb relation- 
ship 


Cc, OD, 


Cc, OD,? 


where C, and Cy are the relative 
outputs of the two extruders in 
lb./hr. and D, and Dg, are the re- 
spective screw or bore diameters 
of the two extruders. The output 
ratios of the commonly available 
extruders have been worked out 
and are shown in Fig. 1, below. 
This compilation may be used for 
a rough comparison of the rela- 
tive outputs for plastics extruders 
of varying sizes. 

Because of the geometrical 
simplicity of an extruder barrel 
and the difficulty of finding new 
liner materials and processes for 
their installation in cylinders, no 
radical advances in barrel design 
are foreseen at this time. 


Thrust unit 


The thrust bearing on a plastics 
extruder is the real “workhorse” 
of the machine. The force devel- 


EXAMPLE 


Problem: What is relative output of 4.5-in. extruder compared 
to 3.5-in. machine. Screw design and L/D ratios are the same. 





Solution: Find 4.5-in. extruder in vertical column at 
left—read across to 3.5-in. column on base of 
diagram. 4.5-in. extruder has approximately 

1.7 times capacity of 3.5-in. extruder. 
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FIG. 1: Diagram for the comparison of relative capacities of com- 
monly available sizes of extruders, Figures are approximate rule-of- 
thumb values based on the relationships in the equation in text above 
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FIG. 2: Bar charts show the life expectancy of extruder thrust bearings in terms of B-10 life and 
average life (5 times B-10 life), (based on 307-day working year). Bearing life is determined by 
statistical analysis. Data are presented for both 4000 and 5000 p.s.i. bearing loads 


oped on it is easily calculated by 
multiplying the head pressure in 
p.s.i. by the projected cross-sec- 
tion area of the screw in square 
inches. In a 6-in. extruder, this 
force can run up to approximately 
270,000 p.s.i. 

Fortunately, reliable bearing 
manufacturers can assist extruder 
manufacturers in the study and 
selection of these components. 
However, the final bearing selec- 
tion is done by the extruder maker 
since the over-all performance of 
the machine is his responsibility. 
Most extruder thrust bearing 
assemblies use cylindrical-type 
roller bearings. Next in popular- 
ity are spherical roller bearings. 
Other types sometimes used are 
the tapered roller bearing and the 
angular contact-type ball bearing. 

Since the life and deterioration 
of a bearing depends on dynamic 
fatigue failure rather than on 
simple static stresses and deflec- 
tions, bearing manufacturers eval- 
uate their product by statistical 
analysis, the results of which are 
converted into life expectancy 
figures for the bearings. A com- 
mon reference point used in 
grading bearings is their B-10 
life. This represents the ex- 
pected minimum life of 90% of 
a random quantity of the bearings 
under test, The average life of the 
bearing is then estimated to be 
about 5 times the B-10 life. 

Assume that an extruder is to 
operate with a design pressure of 
5000 p.s.i. on a bearing that has a 
B-10 life of 20,000 hours. The ex- 
truder, operating continuously 
(307 days/yr., 24 hr./day), will 
have one chance in 10 of requir- 
ing a replacement bearing in 20,- 
000 hr. (2 yrs. and 7 mos.). How- 
ever, there will be an even chance 
that the replacement will not be 
necessary until after 100,000 hr. 
(13 yrs. and 5 mos.) of service. 
On the other hand, if the continu- 
ous load is reduced to 4000 p.s.i., 
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one out of every 10 bearings will 
probably require replacement in 
about 5% years, while an average 
life of 29 years may be expected. 
This relationship is graphically il- 
lustrated in Fig. 2, above. The 
major significance of the data il- 
lustrated is that moderate in- 
creases in the load on the bear- 
ings, over that for which they 
were designed, can significantly 
lower bearing life. In the example 
shown, a 25% increase in the op- 
erating pressure results in a 50% 
loss in the expected life of the 
bearings. 

Special applications of extrud- 
ers in severe service may require 
bearings with longer life expect- 
ancies, and extruder manufactur- 
ers sometimes provide enough 
flexibility in the bearing hous- 
ing design to accommodate pos- 
sible future bearing needs. Often 
this provision takes the form of a 
design which permits the use of 
bearings in tandem to reduce the 
net load on individual bearings. 


Speed reducers 


Most extruder speed-reduction 
units consist of commercial gear 
sets, usually of the double-reduc- 
tion type. And since it is desirable 
to transmit as much as possible of 
the total available horsepower to 
the screw, in order to get maxi- 
mum output, herringbone and 
helical gear transmissions are usu- 
ally preferred to worm gear re- 
ducers, Reduction ratios range 
from 15:1 to 30:1 and operate off 
motor speeds of 1800 or 1150 
r.p.m. 

Minimum reducer requirements 
may be established at a realistic 
figure of 6 lb. of extruder output/ 
hr./hp. for a given speed reducer 
when the basic extruder capacity 
is taken as 0.38 lb./hr./sq. in. of 
cylinder working surface, or 
0.064 hp./sq. in. of working sur- 
face. If too much power is ap- 
plied to the extruder screw, it 


may conceivably break the feed 
screw under some _ conditions, 
eg., a “cold start.” The thermal 
capacity of the gear transmission 
unit must also, of course, be able 
to handle the power being trans- 
mitted to the screw. Heat gen- 
erated in the transmission is often 
great enough to warrant the use 
of cooling water circulating in 
coils in the transmission. 

With users of extruders always 
striving for the highest possible 
production rates, it is frequently 
necessary to alter the speed range 
of the transmission beyond the 
original range provided. For this 
reason, most extruders are 
equipped with V-belts. An in- 
crease in speed or increase in 
torque can be achieved economi- 
cally by changing pulleys. A sec- 
ondary advantage of the belt and 
pulley system is the ability to pro- 
vide special speed ranges on short 
notice. 

Some extruders are constructed 
so that the gears in the speed re- 
ducer itself may be changed to 
achieve various combinations of 
speed and torque to suit varying 
extrusion conditions. 

Variable speed drives suitable 
for extruders are discussed in the 
article starting on p. 935. 


Heater system 


Among the first electrical heat- 
ing systems for extruders were 
thinly sheathed, flat strip heaters 
preformed to fit the barrel. How- 
ever, reliability of these heaters 
has not been entirely satisfactory 
and some units have failed after 
a moderate life span. 

More recently, tubular- or rod- 
type heaters have been used. 
These are cast into aluminum 
bloeks which jacket the extruder 
barrel and have come to be iden- 
tified as “cast-in aluminum heat- 
ers.” The thermal conductivity of 
the aluminum diffuses the heat 
from the tubular heaters and pro- 








vides more even heating of the 
extrusion cylinder than was pos- 
sible with the strip type heaters. 
These heaters have served effec- 
tively in recent years and have 
demonstrated long service life. 

In the past few years, induction 
heating has also been seriously 
considered for use on extruders. 
This method of heating, which has 
found enthusiastic followers in the 
metal heat-treating industry, is 
now enlisting advocates in the ex- 
trusion field. Big obstacle to its 
more widespread use in the heat- 
ing of extruder barrels is its ini- 
tial cost. If the means can be 
found to incorporate induction 
heating systems on extruders at 
costs competitive with cast-in 
aluminum heaters, it may very 
well become an effective alternate 
to resistance heaters, despite the 
poor electrical power factor char- 
acteristic of this method. 


Cooling systems 


Many types of cooling systems 
are currently in use on extruder 
cylinders. One of the simplest is 
the air cooling system which 
makes use of fans and blowers. 
Blower cooling arrangements are 
adequate for a moderate amount 
of heat dissipation, and are par- 
ticularly suited for 
cooling control. 

However, when large amounts 
of heat must be dissipated rapidly, 
liquid or vapor cooling systems 
are generally more effective. In 


automatic 


principle, a liquid system is effec- 
tive in providing accurate control 
when the flow rate can be pre- 
cisely regulated. A good way to 
control the flow precisely is to 
dilute or restrict the liquid flow 
by introducing a pressurized gas 
or vapor. This provides the oper- 
ator with the ability to use either 
100% air or water or any com- 
bination to get the degree of cool- 
ing desired. 

Most systems being designed to- 
day aim at cooling controls that do 
not “shock” cool the extruder. 
Generally, there is a trend to op- 
erate extruders adiabatically, and 
cooling is used just to the extent 
of keeping excess heat generated 
in the working of the material by 
the screw from running away and 
causing erratic operation of the 
extruder. 


Other machine components 


With all the various types of 
feed an extruder may be called 
upon to handle (film, chopped 
sheet, dry blend powders, pellets, 
etc.) it has been found that a rec- 
tangular feed throat positioned 
tangentially with respect to the 
feed section of the screw is the 
most effective and convenient. 
Also desirable in feed throat de- 
signs is a generously sized open- 
ing which will permit the in- 
corporation of gland type seals 
for hot melt feeds and help to 
minimize bridging of material in 
the throat. 


In addition to concern with the 
strictly functional components of 
an extruder, designers are also 
giving attention to the over-all 
appearance and design. Sometimes 
both considerations coincide. 

For example, one manufacturer, 
in redesigning his line of equip- 
ment, was advised by an indus- 
trial designer that he consider a 
hopper design, made with a rec- 
tangular cross-section rather than 
with an exactly square cross-sec- 
tion, which was then current. 
When the rectangular design idea 
was considered in detail it was 
found that the appearance of the 
hopper was improved, and its ca- 
pacity increased as well. 

Another engineering plus aris- 
ing out of efforts to improve the 
appearance of the machine re- 
sulted from the suggestion that 
the controls be centralized to fa- 
cilitate the operation of the ex- 
truder. Carrying the idea a step 
further, a centralized control unit 
was developed that could be 
mounted either on the major con- 
trol unit or on the extruder. This 
led to an increased flexibility in 
locating the equipment in the 
shop. 

Finally, a reconsideration of the 
shape and layout of extruder 
parts within the unit has led to the 
redesign of the extruder base, 
which in addition to making it 
easier to build the extruder has 
also resulted in a more sturdy 
foundation. 


EQUIPMENT FOR COMPRESSION AND TRANSFER MOLDING 


Compression and transfer mold- 
ing processes and molds are dis- 
cussed in detail, starting on p. 
721. In addition, the reader is re- 
ferred to the list of compression 
and transfer press manufacturers 
in the Directory (see Index, p. 
1060). A considerable amount of 
information on presses will also 
be found in the advertisements 
about this equipment (see Ad- 
vertiser’s Index, p. 839). 


Compression press 


Basically, the compression press 
is a simple piece of equipment. It 
has two platens, one of which is 
usually stationary, the other mov- 
able. A heated compression mold 
is clamped between these platens 


with sufficient pressure to force 
plastic material into the shape of 
the mold cavity. Presses are avail- 
able with clamp forces from 5 to 
3000 tons, are generally hydrauli- 
cally operated, and are self-con- 
tained units or designed to work 
off a central hydraulic power 
system. 


Transfer press 


The transfer press differs from 
the compression press in that it 
usually has a third or middle 
platen. A transfer pot is located 
between the upper and middle 
platen; the mold is clamped be- 
tween the middle and lower 
platen. Material placed in the pot 
is forced into the mold by ap- 


plying compressive forces to both 
the mold and the transfer pot. 

Because of the maturity of the 
compression molding industry, 
few startling changes in the basic 
design of compression molding 
equipment have occurred in re- 
cent years. To be sure, improve- 
ments in efficiency, safety fea- 
tures, speed of operation, and 
ranges of operating temperatur« 
and pressure have been made 
Otherwise, there have been es- 
sentially no major changes in th: 
principles governing press opera 
tion. 

Present emphasis in compres 
sion molding equipment is 0: 
complete automation. Within th 
past year, systems have been de 
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veloped which require only that 
the preforms be loaded into a 
feed bin and that some provision 
be maae to cart away the molded 
parts. In these systems, the pre- 
forms are usually fed to a con- 
veying system after being aligned 
in a vibratory hopper. The con- 
veyor takes the preforms to a 
high-frequency heating station 
where the material is pre-heated 
prior to leading into the mold or 
transfer pot. Provision is made in 
the press system for automatic 
separation of culls and runners 
from the molded parts, the two 
classes of material falling into 
separate bins after molding. A 
positive ejection system makes 
sure that the molding area is clear 
prior to the loading of the next 
shot. 

Equipment is also available for 
automatic loading and positioning 
of metal or other types of inserts 
within the compression mold. 

These automated techniques 
make possible considerable labor 
savings, since one operator can 
tend several presses simultane- 
ously, merely making sure they 
are supplied with sufficient mate- 
rial feed and that the boxes of 
finished parts are removed. 

Automatic compression presses 
are not the answer to all prob- 
lems. Naturally, such equipment 
is higher in initial cost than is 
semi-automatic or manually op- 


erated equipment. Automated 
compression press set-ups will 
justify themselves only where 
long runs of the same or similar 
parts are contemplated. 


“Gunk’”’ molding 


Recently a novel type of trans- 
fer molding has been developed 
for thermosetting materials in 
paste or “gunk” form. These are 
generally heavily loaded molding 
materials with a polyester, epoxy, 
melamine, phenolic, or alkyd resin 
base, which is filled with glass or 
other fibers. The chief difference 
between presses which can handle 
these materials and conventional 
transfer presses is that the mate- 
rial is transferred as a cold paste 
rather than as a B stage resin. 

In operation, a cold charge of 
the paste, “gunk,” or doughy ma- 
terial, is manually loaded into the 
feed opening of the transfer cyl- 
inder. The ram then comes for- 
ward and forces this cold material 
into a hot mold where the mate- 
rial cures. Since these materials 
cure at very fast rates, better 
quality parts are obtained because 
the material is exposed to high 
heat for a shorter time before it 
is forced into the mold. 

Although gunk mold charges 
are currently loaded manually 
into the machine, it is not incon- 
ceivable that suitable feeding 
systems will be developed which 
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Blow molding is a fascinating 
paradox. As a basic process it is 
as old as the art of glass blowing 
itself, yet in many ways it is as 
new as the jet age in which it now 
flourishes. There’s little doubt 
about it being a profitable one— 
just look at its growth rate over 
the past decade, an increase of 
almost fifteen fold in raw material 
consumption. 

This growth curve becomes even 
more dramatic when we examine 
it in a little more detail. In 1950, 
5 million Ib. of low-density poly- 
ethylene supplied the flexible bot- 

arket, and grew to 12 million 

y the mid-fifties. But the real 

t has occurred over the past 

years. Eighty million lb. of 
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polyethylene of all types were 
used by blow molders in 1960. Re- 
liable market forecasters predict 
that by 1964 the yearly consump- 
tion will be 260 million pounds. 
To what do we owe this sudden 
mushrooming of an industry? The 
appearance of high-density poly- 
ethylene is certainly a major fac- 
tor, for it opened a new market in 
the packaging of liquid detergents. 
It is just beginning to open even 
larger markets in containers for 
liquid household bleaches. Add to 
that the fact that we have yet to 
consider the new markets poly- 
propylene may be able to exploit. 
Developments in polymer sci- 
ence are by no means the only 
factor. With these advances we 
have also witnessed the appear- 
ance of many new designs in blow 


will allow continuous and auto- 
matic feeding. 

Such systems, combined with 
rotary mold tables, could bring 
the production rate of compres- 
sion molding equipment up to 
that of injection machines, espe- 
cially with the use of fast curing 
resins, 


Preheating 

While it is possible to preheat 
material preforms in any type of 
heating device, the trend, if not 
the established type of practice, 
is to use high- or radio-fre- 
quency dielectric pre-heating. 
High-frequency preheating short- 
ens the molding cycle by partially 
advancing the cure of the material 
prior to placing it in the mold for 
complete curing. Little cure takes 
place in the preheating step but 
the cold heat-up time is saved. 

Because high-frequency heat- 
ing generates heat by means of 
creating dielectric losses within 
the material, it is rapid, easily 
controlled, and produces uni- 
formly heated preforms. When 
using an oven or external heating, 
there is a danger, with thick pre- 
forms, that the outside of the 
preform will be overcured while 
the inside is undercured. Thus, 
heating in ovens is less desirable 
than high-frequency preheating 
because of variations in product 
qualities and properties. 
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molding machinery, particularly 
during the past year. There are 
as many as six major classifica- 
tions for the production equip- 
ment now in use, 

Regardless of the refinements 
one may use, there are just four 
basic steps common to all blow 
molding: 1) forming a molten in- 
termediate shape, celled a parison, 
which is simply an extruded tube; 
2) enclosing the parison in a split 
die—the blow mold; 3) intro- 
ducing air pressure to expand the 
parison to the shape of the mold; 
and 4) cooling the formed part 
briefly in the mold which then 
opens, ejecting the part. 

There are six major variations 
on this basic process. They are as 
follows: 

1) Continuous, single-die ex- 
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trusion with multiple molds is the 
method giving the highest pro- 
ductivity. Material is plasticated 
in an extruder and forced through 
a single die to form a continuous 
tube. A series of molds, mounted 
on a rotating table resembling a 
merry-go-round, close over the 
tubular parison and move away. 
As each mold circles around after 
picking up the tube, the parison is 
blown, cooled, and the piece is 
ejected, remaining connected to 
the adjacent piece like link sau- 
sage. 

2) Continuous multiple-die ex- 
trusion with multiple molds offers 
more versatility. Material leaves 
the plasticating extruder, passes 
through a manifold and then 
through a series of parison-form- 
ing dies. The equipment has se- 
quence valves so that as one sta- 
tion is cooling, another is ejecting, 
another is forming, and so on. 

3) Continuous single-die ex- 
trusion with reciprocating mold 
extrudes the parison over a blow 
stick. A sliding or rising mold 
closes over the parison as a cutter 
separates it from the extruded 
tube. The mold then moves away 
for blowing, cooling, and ejecting. 
In side-sliding machines, another 
mold closes over the continuously 
forming parison. 

4) Intermittent ram-ezxtrusion 
blow molding is like the previous 
method, except that material is 


ram-fed from a cylinder of the 
injection molding type. The inter- 
mittently formed parison is picked 
up by a series of molds on an in- 
dexing table, is carried away, 
blown, cooled, and ejected. 

5) Extruder-accumulator blow 
molding combines the fast-acting 
ram with a reservoir of fully plas- 
ticated material, fed from a screw 
extruder. Rapid formation of the 
parison results in minimum draw- 
down and, hence, a part with more 
uniform thickness. Blowing, cool- 
ing, and ejection are the same as 
in the previous technique. 

6) Injection blow molding is 
the one process of the six that 
does not require some such form 
of post-finishing as trimming, 
smoothing, buffing, and so on. 
Here the parison is not extruded 
but is injection molded about a 
solid core. This cylindrical man- 
drel, with its surrounding tube, 
now serves as a blow stick; it is 
shifted to a blow mold for comple- 
tion of the cycle while, simultane- 
ously, the next parison is being 
molded over another mandrel. 


Advantages and limitations 


Why blow molding in prefer- 
ence to other ways of fabricating 
plastics? First, and most obvi- 
ously, it is the only way a hollow 
object can be made in one piece, 
since the mold core is air itself. 
There are other advantages too— 
reasons which are perhaps less 
obvious but none the less impor- 
tant: 

1) Blow molding allows the use 
of polymers of high molecular 
weight, materials which could not 
be handled in a process like in- 
jection molding. Parisons are 
formed, in most cases, into air 
which offers little resistance, and 
the plastic does not cool until the 
part is fully shaped. 

2) Finished parts are almost 
strain-free, because there is no 
high pressure or high-shear lami- 
nar flow in a sprue, gate, or thin 
mold passage. This means that the 
properties inherent in the mate- 
rial can be fully utilized. Weak 
points and warpage cease to be 
serious problems. 

3) Thin walls are more easily 
formed by blow molding because, 
again, there is no constricting thin 
mold passage, no need to have ex- 
cessive wall thickness merely 


to gain flow. Also, thinner walls 
per unit strength become possible 
because stiffer materials can be 
handled. 

4) Heat-sensitive plastics can 
be used because lower forming 
temperatures are involved. Vinyls, 
for example, can be blow molded 
as easily as they can be extruded. 

5) Lower tool costs and short 
runs are possible, because the low 
pressures in blow molding permit 
the use of lightweight soft metal 
molds. Costs are only %o to % 
those of comparable injection 
molds. 

Blow molding can not only of- 
fer design freedom, but freedom 
in choice of materials as well. Al- 
though polyethylene has been 
used almost exclusively to date, 
the fact remains that almost any 
extrudable thermoplastic can be 
blow molded. The styrenes and 
styrene copolymers offer excellent 
combinations of transparency, ri- 
gidity, and light weight, and may 
take over some of the functions 
of the glass bottle. Vinyls, which 
have outstanding chemical resist- 
ance but which are heat sensitive 
in injection molding use, may 
have new possibilities in blow 
molding. The flexibility offered by 
vinyl elastomers may also find 
new application. Elastomeric poly- 
ethylenes have also recently ap- 
peared as commercial materials 
and offer many advantages in 
terms of flexibility and chemical 
resistance; they can also be read- 
ily blow molded. 

In fairness we must also con- 
sider some limitations. There can 
be no abrupt changes in wall 
thickness designed into the essen- 
tially shell-like pieces obtained 
from blow molding. Thickness 
uniformity cannot be held as 
closely as with conventional mold- 
ing processes, because walls are 
formed by expanding—and hence 
thinning — of an intermediate 
shape. Surfaces are not quite as 
smooth as those on _ injection 
molded parts mainly because 
forming pressures are much 
lower. Extrusion die marks can 
appear if dies are not kept in 
good condition. Finally, we must 
remember that many patents exist 
in this field and plan with this in 
mind. Many blow molding ma- 
chine manufacturers offer patent 
protection plans. 
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FIG. 1: Continuous extrusion blow molding, single-die, 
multiple mold. Series of molds are mounted on rotating 
table which resembles, and moves, like merry-go-round 
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FIG. 3: Continuous extrusion blow molding, single die, 
reciprocating mold, Sliding or rising mold closes over 
parison as cutter separates it from extrudate 
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FIG. 5: Extruder-accumulator blow molding combines fast- 
1g ram with reservoir of fully .plasticated material 
lied by a conventional screw extruder 
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screw extruder 


FIG. 2: Continuous extrusion blow molding, 
multiple die, multiple mold. Sequence valves 
operate the various stations involved 


extrusion or 
ram type 
plasticizing unit 
, crosshead 


FIG. 4: Intermittent ram-extrusion blow mold- 
ing. Material is ram-fed from cylinder; parison 
is picked up by molds on indexing table 











ram driven 
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cylinder 
FIG. 6: Injection blow molding. Parison is in- 
jection molded about a solid core, then shifted 
to blow mold to complete the cycle 





EQUIPMENT FOR THERMOFORMING 


Essentially, the vacuum-forming 
method consists of softening the 
sheet for a predetermined time 
under heat and then drawing the 
sheet by vacuum over or into a 
male or female mold. When a deep 
draw is required and sharp detail 
is not the most critical considera- 
tion, vacuum forming the sheet 
over a male mold by the method 
commonly called “drape forming” 
is more satisfactory. As the term 
implies, the heated sheet drapes 
or “falls” to the lowest level of 
the mold before vacuum is ap- 
plied to draw it into the exact 
contours of the mold. 

For reproduction of very sharp 
detail, best results are obtained 
by drawing the heated sheet 
downward into a female mold. 

When sharp detail and other 
considerations are equally impor- 
tant, a method known as “plug- 
assist forming” gives excellent 
results. This method employs a 
female mold; a plug, which ap- 
proximates the shape of the mold 
cavity, is used to force the sheet 
down into the mold. As in the 
drape forming method, when the 
vacuum is applied the sheet has 
a shorter distance to be drawn 
into the mold cavity, thus mini- 
mizing thin spots. 

In each of the methods de- 
scribed, the vacuum is drawn 
through minute holes in the mold. 
After a sheet has been formed 
and cooled, compressed air may be 
introduced through the holes to 
facilitate removal 
from the mold. 


of the piece 


Air-pressure forming 


In the case of forming by posi- 
tive air pressure, the heated sheet 
held in the clamping frame is 
placed over the air pressure 
chamber and the cavity or force 
is lowered so as to press 
against the sheet at the edges of 
the air chamber, forming an air- 
tight seal. Air is released into 
the pressure chamber, forcing the 
sheet to conform to the mold 
which is vented as necessary 
through the back to allow trapped 
air to escape. After forming, the 
thold can be slightly parted and 
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additional air forced against the 
formed piece to facilitate faster 
cooling. 


Mechanical forming 


Two methods of mechanical 
forming are used for forming 
sheet. The first method employs a 
cavity and a matching force. 
Forming takes place when the two 
mold parts are closed upon 
the heated sheet. The second 
method requires only a male mold, 
which is forced into the heated 
sheet. Dome-like parts may be 
formed by this method. 

A disadvantage of mechanical 
forming is that the sheet usually 
has to be heated in one location 
and then transferred to the mold 
for forming. If this is the case, the 
sheet must be held firmly on all 
sides in a clamping frame and 
heated in a horizontal position. 


Control of heat 


Accurate control of heat is the 
key to satisfactory forming of 
sheet. Whether formed by vac- 
uum, air, or mechanical pressure, 
uniform heating is a critical re- 
quirement. While the sheet is 
being heated it will sag slightly 
at first, then draw up, after which 
it will gradually sag a second 
time until the forming tempera- 
ture is achieved. 

Radiant heating is one tech- 
nique used. Radiant heater units 
may be permanently located or 


TYPICAL Christmas display 
pieces thermoformed from 
butyrate plastic sheet 
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mounted on a frame equipped 
with rollers to enable them to be 
moved about, and they may be 
made to direct the heat either up 
or down. The sheet may be 
clamped in position and heated 
directly over the mold or it may 
be heated near the mold and 
quickly transferred to it. The first 
method mentioned has the advan- 
tage of minimum cooling of the 
sheet before forming. For vacuum 
forming, it is usually better to 
heat the sheet from above and di- 
rectly over the mold in order that 
the sheet will not sag against the 
heating units. One type of infra- 
red radiant heater employs tubu- 
lar metal elements spaced equally 
to supply a uniform source of 
heat. Another heater uses glass- 
fiber cloth over glass-fiber resist- 
ance heaters. Wire coils furnish 
the heat in still another type of 
radiant heater. Another very 
practical heater consists of a bank 
of infra-red lamps, the number of 
lamps depending on the sheet size. 

Regardless of the heating meth- 
od used, the sheet must be placed 
in a clamping frame and held 
firmly on all sides. 

It is important to avoid placing 
the sheet too close to the heat 
source when radiant heating is 
used, because overheating or un- 
even heating may result in im- 
perfections in the formed piece. 
Conversely, if the sheet is not 
heated to proper forming temper- 
ature it may stretch insufficiently 
or unevenly, causing blushing or 
extremely thin spots or failure to 
conform to the contours of the 
mold. Shallow draws will usually 
require a shorter heating time 
than deeper draws. 


Sheet forming equipment 


Modern sheet forming machines 
are versatile units. While early 
machines generally were built for 
one specific production run, 
today’s units have considerable 
flexibility and can be readily 
adapted to different plastics, dif- 
ferent end products, and different 
forming techniques. Commercial 
machines are available that will 
handle sheet up to 12.6 ft. long 
with draws to 24 in. deep. Versa- 
tile controls make the machines 
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automatic except for the handling 
of the plastic sheet. 

n vacuum forming, the mold is 
connected by a pipe to a tank of 
5 to 100 cu. ft. capacity, depending 
on the size and shape of the ar- 
ticle to be drawn. Air is evacuated 
from the tank by means of a 
pump. A single’ pump and tank 
combination, if sufficiently large, 
can be used to operate several 
vacuum forming machines. The 
type of rotary compressor used in 
refrigerators has proved success- 
ful for small installations. The 
vacuum line connecting the tank 
and the mold generally should 
have a diameter of between 2 and 
3 inches. A quick-opening valve 
should be placed in the line be- 
tween the tank and the mold so 
that full vacuum can be applied to 
the mold almost instantaneously. 

For air-pressure forming, the 
air can be supplied by a com- 
pressor similar to those used in 
automobile service stations. The 
pressure chamber is connected to 
the air compressor tank by a pipe 
or pressure hose. A pressure gage 
should be installed in the air line 
in order that the operator may 
determine when sufficient pressure 
is available for forming. Since de- 
sirable pressure will vary with 
sheets of different size and shape, 
a reducing valve is usually placed 
in the line between the com- 
pressor tank and the pressure 
gage. A baffle plate should be lo- 
cated over the air line where it 
enters the pressure chamber so 
as to distribute the air evenly 
throughout the chamber and not 
directly against the heated sheet. 

For mechanical-pressure form- 
ing, either pneumatic or hydraulic 
pressure may be used. Usually the 
heater is adjacent to the press; 
however, the heater can be 
mounted on a perpendicular shaft 
in such a way as to be swung into 
position either above or below the 
sheet and then swung clear be- 
fore the sheet is formed. 


Molds and mold materials 


Vacuum and air-pressure molds 
are relatively inexpensive. A wide 
iety of low-cost, low-strength 
terials may be used in their 
struction. Since the molds are 
itively inexpensive and can be 

le quickly, the molder can, in 
ny instances, do the work him- 
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TO PRODUCE o more effec- 
tive vacuum, it is sometimes 
advisable to drili % or Ye 
in. holes from the back of 
the mold up to within Ve in. 
of the appearance surface 
of the mold. Holes of Ye in. 
are then drilled from the 
surface into the larger holes 


self. The fact that only one fin- 
ished surface is required lessens 
the cost and the time necessary 
for mold construction. The type of 
material used will depend largely 
upon the number of pieces to be 
produced. Molds constructed from 
the least expensive materials 
generally develop imperfections 
sooner than those made from 
higher grade materials. Molds re- 
main usable until defects trans- 
ferred to the formed piece exceed 
the tolerance level established for 
the piece. Thus, the quality de- 
manded in the finished piece and 
the total production run required 
usually determine the material to 
be used in molds. 

A draft angle or slope of at least 
5° should be allowed an all pro- 
truding portions and along the 
sides of the mold to facilitate easy 
removal of the fermed piece from 
the mold after forming. 

The materials used most fre- 
quently in forming molds are: 
pressed and laminated wood; 
high-strength gypsum cements; 
poured thermosetting resins; 
metal—sprayed, cast, or ma- 
chined; and hardwood. 

Generally speaking, high- 
strength gypsum cements, ther- 
mosetting resins, and hardwood 
are used for short and medium 
production runs; pressed and 
laminated wood and metal are 
used for longer production runs. 
Metal molds usually are consid- 
ered best suited for extremely 
long production runs. 

The backing or base for molds 
used in vacuum and air-pressure 


forming is generally constructed 
from wood, metal, or plastic, de- 
pending upon the type of mold 
and service life desired. The back- 
ing may be fastened to the mold 
by machine screws, self-threading 
screws, or by cementing with spe- 
cial adhesives. If machine or self- 
threading screws are used, a 
gasket may be placed between the 
mold and backing to insure an 
airtight seal. 


Vacuum holes 


Vacuum holes should be located 
in the deepest areas of the mold 
and in all sharp corners and re- 
cessed surfaces where air might 
possibly become trapped and pre- 
vent the heated sheet from con- 
forming to the mold. The size and 
shape of the piece to be vacuum 
formed will determine the number 
of vacuum holes necessary in the 
mold. A mold of complex design 
with several recessed surfaces will 
require more vacuum holes than 
a mold of simple design with only 
a few recessed surfaces. A large 
number of holes will afford faster 
and more uniform drawing. The 
number of holes in the mold is 
considered to be adequate when 
all details of the mold are trans- 
ferred to the formed article. 

The appearance on the formed 
articles of small raised spots or in- 
dentations (depending on whether 
a male or female mold is used) 
may be attributed to oversize 
vacuum holes, excess vacuum, or 
overheating of the sheet. The 
holes are generally drilled after 
the mold is completed, except in 
the case of sprayed metal molds, 
where they are formed by pins. 
A stationary drill or drill press is 
preferred to a portable drill be- 
cause of reduced vibration which 
permits greater uniformity of hole 
size and less breakage of drills. 

When drilling pressed and 
laminated wood, high-strength 
gypsum cements, casting resins, or 
hardwoods, chipping or splintering 
usually occurs at the point where 
the drill bit emerges. Therefore, 
it is advisable to drill from the 
appearance side or face of the 
mold, thus minimizing the possi- 
bility of chipped or splintered 
spets marring the mold surface. 
Metal molds may be drilled from 
either side with equally good re- 
sults, in most cases. 








EQUIPMENT FOR SIZE REDUCTION 


Machines for cutting and size 
reduction, as used in the plastics 
industry, may be broadly classi- 
fied as granulators, dicers, pel- 
letizers, die-face cutters, hammer 
mills, and attrition mills. 

These machines are widely used 
in the production of plastic raw 
materials to reduce the product as 
originally manufactured to gran- 
ules, pellets, or powder as the re- 
quirements may be. They are also 
used to recover and reprocess 
scrap material in plants which 
make finished plastic products. 


Granulators 


A granulator has: 1) a cutting 
chamber in which there are a 
number of rotating and stationary 
knives; 2) a screen in the bottom 
of the cutting chamber for limit- 
ing output particle size; and 3) a 
feed hopper located on the cutting 
chamber. 

Granulators are also commonly 
referred to as cutters, grinders, 
pelletizers, pulverizers, or crush- 
ers. The terms “cutter” and 
“grinder” are too general here, 
and “crusher” is a misnomer since 
the machines cut rather than 
crush. “Pulverizer” should be ap- 
plied only to a machine which 
produces a finer particle size than 
does a granulator. Also, pulver- 
izers do not really cut the mate- 
rial but reduce it by impact or at- 
trition. The term “pelletizer” also 
should not be applied to a granu- 
lating machine but should be re- 
served for those machines which 
produce uniform pellets from ex- 
truded strands. This error is a 
natural one, however, since the 
product of granulating machines 
might also logically be referred to 
as pellets. 

In earlier days, most plastic 
raw materials were marketed as 
granulated products. Today, how- 
ever, a high percentage of these 
materials is sold as uniform pel- 
lets produced either on dicers or 
pelletizers. The original materials 
manufacturers use granulators 
principally for intermediate proc- 
esses or for reclaiming scrap. 

The applications of granulators 
are so many and so varied that 
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no single design of machine is 
suited for the full range of appli- 
cations. One user might wish to 
feed light bulky film into the ma- 
chine, while another might have 
to granulate very heavy cross- 
section material or large lumpy 
purgings. 

Machines for granulating purg- 
ings or heavy cross-section ma- 
terial should be ruggedly built, 
and should preferably have a 
heat-treated rotor and radially 
mounted knives. A rotor having 
only three knives bites into the 
large purgings better than one 
having more knives. A solid rotor 
also usually has an advantage 
over the open type rotor. The cut- 
ting circle is often small on such 
heavy-duty machines and the 
general bulk of the cutting cham- 
ber is less than would be the case 
of a granulating machine suit- 
able, for example, for processing 
film material. 

Granulators for film should 
have a large cutting circle, a large 
cutting chamber, and the knives 
should be obliquely mounted on 
the rotor to provide better cut- 
ting edges. An open-type rotor is 
preferable, carrying three or five 
knives, depending upon the bulk 
of the material to be fed into the 
machine and the quantity to be 
processed per hour. While a 
three-knife open rotor of this 
type generally bites into mate- 
rial better than a five-knife ro- 
tor, machines for this application 
are frequently so large that the 
five-knife rotor bites the material 
very well and will give larger 
capacity in pounds per hour. In 
many instances, the three-knife 
rotor machine will handle the 
material as fast as the operator 
can feed the machine, but if a 
finely-cut product is desired, the 
five-knife rotor would have defi- 
nite capacity advantages. 

In general, the film type of ma- 
chine is used for vacuum formed 
trim or rejected vacuum formed 
parts which are very bulky. This 
type of machine is also well- 
suited for blow molded parts. 

Various types of rotors and 
methods of mounting knives on 
the rotors have been developed 
for various applications. One is 
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the solid type with radially 
mounted knives. This type of ro- 
tor is usually made from a heat- 
treated steel forging. It is rugged 
and suited for injection machine 
cylinder purgings, extrusion ma- 
chine bleeder scrap, and any 
heavy cross-section material. 

Both the rotor and the radially 
mounted knives with their obtuse 
cutting angle can take a lot of 
abuse. A second type of solid 
rotor has obliquely mounted 
knives. This rotor is also usually 
made from a heat-treated steel 
forging. The keen-edge knives 
are best suited for polyethylene 
and soft elastomers. Machines 
with this type rotor are also used 
for purgings, but in this case the 
keen edge of the knives is usually 
reduced by grinding a bevel on 
the back of the knife. 

The open rotor is a type de- 
veloped for granulators having a 
large cutting circle. The knives 
are obliquely mounted. Machines 
having this type of rotor are 
suited for film, blow molded 
items, vacuum formed parts, vac- 
uum formed trim, and any es- 
pecially bulky material. 

The trend toward larger and 
more rugged granulators is con- 
tinuing. Large machines of the 
required ruggedness are now 
available as standard, and may 
even be delivered from stock. In 
addition, an exceptional variety of 
smaller machines is available for 
the lighter operations in beside- 
the-press type machines used by 
injection molders. 


Pelletizers 


Pelletizers have a pair of feed 
rolls, one stationary knife, and a 
number of rotating knives. They 
are used for cutting a large num- 
ber of strands (usually ranging 
from 20 to 100) into pellets as 
they issue from the die of an ex- 
trusion machine. The feed rolls 
should be powered by a variable 
speed drive so their speed can 
be synchronized with the rate of 
extrusion. Since the strands are 
drawn through a cooling water 
bath and are not always thor- 
oughly dry upon entering the 
pelletizer, the parts of the ma- 
chine contacting the material 
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should be of rust-resistant stain- 
less steel or should be chromium- 
plated. 

The machine should be so de- 
signed that the feed rolls are as 
close as possible to the cutting 
edge of the stationary knife, in 
order to insure uniform length of 
cut. The feed rolls may be of 
metal with either smooth, 
knurled, or serrated surfaces, or 
covered with rubber, neoprene, 
polyurethane, or other soft coat- 
ings. Frequently one roll is of 
metal and the other covered with 
a resilient coating. 

The trend toward smaller pel- 
lets and higher extrusion speeds 
calls for more rotor knives to 
avoid excessive rotor speeds. 
Feed rolls and bed knife are usu- 
ally mounted on the same adjust- 
able unit to provide the maxi- 
mum proximity of the rolls to the 
knife edge. 

Recent pelletizer design trends 
have been toward more rugged 
machines to withstand continu- 
ous 24-hr. service and accidents 
or abuse. Improvements have 
been made in feed-roll design and 
drives. Also, as stated, a larger 
number of rotor knives are the 
vogue. The rotor knives are now 
usually fixed and the bed knives 
are adjustable. 


Dicers 

Dicers are cutting machines 
which produce small cubes from 
sheet stock. The most common 
sizes are %- and %2-in. cubes. 
However, there is a trend toward 
the use of smaller cubes. 

Both dicers and pelletizers pro- 
duce a cut product uniform in 
size and shape. Usually it does 
not matter whether this product 
is made on dicing machines or on 
pelletizing machines. However, 
one type of machine is sometimes 
preferred over the other in vari- 
ous applications. Thus, when the 
material cannot be easily extrud- 
ed into strands, but can be ad- 
vantageously produced as sheet 
Stock, dicing machines are used. 
Also, if continuous extrusion ma- 
chines are not available, the 

roduct taken from Banbury 

ers or two-roll mills may be 
eted for feeding into dicing 
‘hines. Furthermore, when 
material can be extruded into 
er sheets or strands, it is often 
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desirable to extrude sheets rather 
than a large number of strands 
which may be difficult to handle. 

The two principal types of 
dicers are the slitter-chopper and 
the stair-step design. Two other 
types of limited and less universal 
application are nonetheless wor- 
thy of mention. They are the 
ratchet-tooth and the notched- 
knife types. The slitter-chopper 
type slits the sheet feed into mul- 
tiple parallel strands by means of 
circular slitting knives. The 
strands are then cut into short 
pellets by rapidly rotating knives 
operating against a bed knife. 
This machine is in effect a pel- 
letizer with a series of circular 
slitting knives installed ahead of 
the cutter. 

The stair-step dicer feeds the 
sheet or ribbon stock at a 45° 
angle to a bed knife which has a 
stair-step appearance in contour. 
The pellets are severed in one 
cutting operation by the rotating 
knives. In order to prevent chain- 
ing of the material (producing 
linked strands of pellets), every 
second tooth is omitted from the 
rotor knives, and alternate rotor 
knives have teeth in alternate po- 
sitions. This tooth arrangement 
does not permit adjacent pellets 
to be severed simultaneously, 
and, therefore, the pellets cannot 
chain together. 


Die-face cutters 


A die-face cutter has rotating 
knives which cut against the face 
of the die. One type operates 
immersed in cooling water. A sec- 
ond type operates in the open air 
and the freshly-cut pellets drop 
into a cooling bath beneath the 
die-face cutter. 


Hammer mills 


Hammer mills have the follow- 
ing essential construction: 1) a 
large number of hinged hammers 
attached to a rapidly revolving 
rotor enclosed within a housing; 
2) a screen mounted in the bot- 
tom of the housing for determin- 
ing the maximum particle size 
that will be allowed to pass 
through; and 3) a hopper attached 
to the top of the housing for re- 
ceiving the material to be proc- 
essed. 

Hammer mills reduce the ma- 
terial by the impact of hammers, 


and are best suited for fragile 
or brittle materials rather than 
elastomeric materials. In the 
plastics field, they are used where 
finely ground materials are re- 
quired. Thermosetting rather 
than thermoplastic materials are 
more commonly reduced by this 
type of machine. 


Attrition mills 

An attrition mill has a rapidly 
rotating disk adjusted to a small 
clearance between itself and a 
similar stationary disk. The sur- 
faces of both disks are usually 
serrated or roughened. As the 
name implies, this machine re- 
duces the material by a rubbing, 
shearing action. It is mostly used 
when finely-ground materials are 
required. Naturally, the perform- 
ance is better if the material be- 
ing processed tends to be brittle. 
This machine does not accept 
bulky material and the input ma- 
terial is frequently previously 
reduced in size in a granulator 
or other machine. 


Centrifugal impact machines 


The centrifugal impact machine 
has a rapidly revolving rotor 
through the center of which the 
material is fed, to emerge at the 
periphery of the rotor having a 
velocity equal to the full peri- 
pheral speed of the rotor. These 
particles impinge against pins 
having sharp or roughened sur- 
faces and the material is reduced 
by the resulting impact. 


Refrigeration 


Liquefied gas refrigeration is 
the latest method of reducing 
tough materials to extremely fine 
particle size ranging from 100 to 
300 mesh. In this system, liquid 
nitrogen is used to refrigerate and 
embrittle TFE-fluorocarbon resin 
(e.g., Du Pont’s Teflon) to the 
point that it may be so reduced. 
Certain materials will permit the 
use of liquid carbon dioxide. 
Conventional machines, with 
some modifications, particularly 
hammer mills, may be used for 
this ty,.* of operation. Naturally, 
this process of size reduction is 
not inexpensive and the volume 
of products so produced is not yet 
large, but the process does pro- 
vide a means of accomplishing 
the seemingly impossible. 








EQUIPMENT FOR COATING 


The art of coating may be defined 
as the controlled application of a 
mobile, film-forming material to a 
web or sheet. Thus, coatings may 
be applied at a plastic calender, 
at an extrusion unit, or by use of a 
paint brush. The equipment used 
can be divided into the type which 
premeters the coating prior to ap- 
plication to the web, and the type 
which applies an excess of coating 
and then removes a portion. 

The premetered coating proc- 
esses may be separated as fol- 
lows: a) calender coating; b) 
extrusion coating; c) kiss-roll 
coating; d) reverse-roll coating; e) 
spray coating; f) engraved-roll or 
gravure coating; and g) casting. 
"Sales Manager, John pvaiiren Corp., Subs., 


Midland-Ross Corp., Box 791, New 
Brunswick, N. J. 
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The postmetered coatings may 
be classified as follows: a) knife 
scraper, either floating, on roll, 
on blanket, or opposed knives; b) 
squeeze- or press*ire-roll meter- 
ing; and, c) air-blade metering. 

Following any of the coating 
processes, there are auxiliary sur- 
face treatments to improve the 
uniformity of the coated finish 
and to remove coating irregulari- 
ties. These may be noted as fol- 
lows: a) flexible trowel or 
smoothing blade; b) brushes, 
either rotating or oscillating; and 
c) spinning smoothing rolls. 


Premetered coatings 


Calender coating: In this proc- 
ess, the web to be coated may be 
passed through the bottom nip of 


Four roll hot plastic calender 


Controlled temperature roll 


Controlled temperature 
laminating rolls 


Laminated 
web 


Cooling rolls 


COATING BY FOUR-ROLL SYSTEM of post-calender lamination 


By D. G, HIGGINS*® 


the calender-roll stack to receive 
the plastic coating either with or 
without final coating metering at 
this nip. The alternate process of 
calender coating is actually a 
post-calender type of lamination 
handled at auxiliary pressure 
rolls. 

Extrusion coating: Melted ther- 
moplastic resin is extruded 
through a slit die into the nip of a 
pair of cooling and laminating 
rolls with a web of paper, foil, or 
plastic, etc. The width of die 
opening, and the speed of the 
laminating nip, control the thick- 
ness of coating. 

Kiss-roll coating: This roll ar- 
rangement carries a metered film 
of coating to the web; at the line 
of web contact it is split with part 
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remaining on the roll, the remain- 
der of the coating material adher- 
ing to the web. 

Reverse-roll coating: This is the 
most versatile of all coating units. 
The coating is premetered be- 
tween rolls and then wiped off on 
the web. The amount of coating 
is controlled by the metering gap 
and also by the speed of rotation 
of the coating roll. 

Spray coating: Spray coatings 
on continuous webs are usually 
applied by a set of reciprocating 
spray nozzles travelling laterally 
across the web as it moves. An 
alternate spray pattern on the 
moving web is sometimes accom- 
plished by moving the spray noz- 
zies in a circular path directly 
above the web of material as it 
travels along. 

Engraved-roll or gravure coat- 
ing: In this process, the amount 
of coating applied to the web is 
metered by the depth of the over- 
all engraved pattern in a print roll. 
This process is frequently modi- 
fied by interposing a resilient roll 
between the engraved roll and the 
web. This is an offset roll and 
tends to obliterate any engraving 
pattern in the coated surface. 

Cast coating: This is the newest 
and most promising coating proc- 
ess. The preferred design of a cast 
coating line has an endless stain- 
less steel belt on which is de- 
posited a metered amount of a 
coating such as plastisol or organ- 
osol. Application of the coating is 
preferably made by a reverse roll 
unit to insure uniformity and 
freedom from coating scratches. 
The web to be coated is applied 
lightly to the coated metal belt, 
which then travels through the 
fusing oven. After cooling, the 
web plus coating is stripped from 
the belt. The fusing may be ac- 
complished by heating the under- 
side of the belt so the web above 
is not overheated or scorched. 
This process permits any web to 
be used, no matter how open in 
construction or how “stretchy.” A 
continuous flat coating can be ob- 
tained in thicknesses of only 2 or 
3 nils. 


Postmetered coatings 


Knife scraper: The excess coat- 
may be removed from a web 
moving it under a coating 
fe of suitable edge contour. 
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STRETCH LAMINATION is an extension of coating by extrusion-lamination 


The tension of the web against 
the knife may be maintained by 
pull on the web, or it may be sup- 
ported by an endless rubber 
blanket or roll to minimize the 
tension. Alternately, the web 
may be supported against the 
knife by an opposing knife edge 
for two-side coating. 

Squeeze- or pressure-roll me- 
tering: Squeeze- or pressure-roll 
metering of the coating is accom- 
plished by passing the web plus 
coating between opposed rolls. 
The rolls may be precision sized 
and fixed at a measured gap. Al- 
ternately, one or both of the rolls 
may be of resilient construction 
and operated by pressure against 
the web. 

Air-blade metering: Air-blade 
metering of the coating on a web 
is the simple expedient of blow- 
ing off the excess as the web 
travels under a flat jet of air; 
control of the metering effect is 
accomplished by regulating the 


KISS - OVER - ROLL 
coater makes use of 
knife (top) to re- 
move any excess 
plastic material 


air pressure, angle of impinge- 
ment, and distance of the nozzle 
from the web surface. 


Surface treatment 


To improve the surface of a 
coated web before it enters the 
drying zone or oven, there are 
three principal treatments: 

1) By moving the web under a 
flexible blade of steel, rubber, 
etc., the coating can be smoothed 
and, in the case of textiles, an im- 
proved bridging effect may be 
obtained. 

2) The use of reciprocating 
brushes to improve the uniform- 
ity of coating coverage is a fre- 
quent procedure in the applica- 
tion of water-system coatings on 
board and on paper webs. 

3) Spinning smoothing rolls 
operating against the web travel 
are useful to smooth relatively 
low-viscosity coatings. 

In the ever-changing field of 
plastics applications, it is not 











possible to review all the innova- 
tions and combinations of coating 
techniques that are employed. 
The technology of handling non- 
woven webs, for example, has 
provided suction metering of im- 
pregnated coatings. The process- 
ing of nylon tire-cord reinforce- 
ment has provided a beater-bar 
control of the amount of coating 


EQUIPMENT FOR CALENDERING 


Jn calendering plastics film and 
sheeting, the degree of quality and 
economy obtained depends largely 
on the amount of careful planning 
entering into the design of the 
complete calender train. Material 
should flow from resin storage 
through the processing operations 
to packaged rolls of finished goods 
with a minimum of human effort. 
The size of related train compo- 
nents, e.g., mixers and mills, con- 
veyors, calendering rolls, etc., 
should be in proportion both to 
production requirements and to 
each other, so that they will be 
used at their maximum rate of 
output. 

Primarily, the process of calen- 
dering is used to form plastics 
material into a continuous sheet 
with controlled thickness and sur- 
face finish. This operation is per- 
formed between two or more 
pairs of rotating beams called 
rolls. Each roll pair constitutes a 
rotating die through which the 
material is either drawn or ex- 
truded, or both. 

The initial step in the calen- 
dering operation is the mixing of 
the resin. Various types of inten- 
sive mixers and mills are avail- 
*Assistant Div. Engineer, Mill and Calender 
Div., Farrel-Birmingham Co., Inc., Ansonia, 
, were prepared by the editors. 









































on a web. Materials applied or 
coated on webs by static attrac- 
tion provide another interesting 
chapter in this story. Some of the 
newer techniques evolved to 
handle hot-melt coatings in liquid 
and in powder form are pointing 
to new horizons in coating. The 
simple expedient of stretch-lami- 
nation (an extension of extrusion- 


able that can be arranged to suit 
specific production requirements. 

The tower-type of preblending 
arrangement, for example, is one 
that requires a minimum of ma- 
terial handling. Resin is blown 
through piping, or elevated in 
bags to high storage bins. It drops 
from the bins onto shaking 
screens, flows by gravity through 
sifters and into traveling weigh 
hoppers which feed the blenders, 
and from the blenders pours into 
weigh-hoppers located directly 
above a Banbury mixer hopper 
door. 

If both film and sheeting are 
to be produced with the same 
calender train, good results can 
be obtained by using a setup such 
as is shown in Fig. 1, below. In 
this arrangement, two 3A Ban- 
burys are installed with the hop- 
pers facing each other. One op- 
erator can thus control both units 
for producing thick-gage sheet- 
ing, and a single unit can be used 
at maximum capacity for the 
thin-gage films. 

For producing a wide range of 
finished gages, two mills should 
be used. One of these mills should 
be mounted directly under a 
Banbury. The second should be 
opposite the first, so that the ad- 


lamination) is opening new pos- 
sibilities for plastics coatings. 

Four-roll system of post-calen- 
der lamination, kiss-roll coating, 
extrusion coating, and reverse- 
roll coating are all illustrated on 
p. 904; stretch lamination and 
kiss-over-roll coating techniques 
are illustrated in the diagrams ap- 
pearing on p. 905. 


By KENDRICK J. GOOCH* 


justing screws are on adjacent 
sides and one operator can con- 
trol both mills. Material is car- 
ried by strip-feed conveyor (a 
narrow, flat-belt, hugger-type 
unit) from the first mill to the 
second, and then to the calender 
feed bank. The calender can also 
be supplied directly from the first 
mill. 


Metal detection 

In setting up calendering equip- 
ment, it is important that pro- 
visions be made to keep metal- 
contaminated material from being 
fed into the calender where it 
would mark up the calender rolls. 

When using the strip-feed con- 
veyors described above, small- 
gap, sensitive metal detectors 
should be installed. Strip-feed 
conveyors can also be designed to 
cut out and automatically discard 
a length of material containing a 
metal particle, with a minimum 
of lost feed to the calender. This 
is essential for high-speed cal- 
endering. 

A more positive means of metal 
elimination is obtained by using 
an extruder with a strainer-type 
head. This method is relatively 
expensive, since a large unit hav- 
ing an adjustable-speed drive, 


FIG. 1: Calendering set-up for making both film and sheeting with the same 
calender train is shown using two Banburys with facing hoppers 
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synchronized with the calender 
speed, is required. However, the 
strainer removes all solid parti- 
cles, not just metallic objects. 
This added protection more than 
offsets the higher initial cost 
when surface finish is important. 


Calendering rolls 

The latest trend in plastics 
calendering is toward calenders 
designed for higher roll tempera- 
tures, greater roll separating 
forces, and a wider range of avail- 
able friction ratios. 

Several types of roll arrange- 
ments are available for selection, 
based on ease in threading, ac- 
cessibility of the rolls, and gen- 
eral convenience for a particular 
operation, The “Z” and the in- 
verted-“L” arrangements are 
standard in the industry. A recent 
development is the inclined “Z” 
which provides a clear and short 
path for material travel, permits 
easy accessibility for coating fab- 
rics, and enables the embosser or 
other attachment to be placed 
close to the pickoff roll. The 
calender shown in Fig. 1 has the 
feature of crossed-axes on the 
No. 4 roll together with the ad- 
vantage of taking the material 
from the No. 3 roll instead of the 
No. 4 roll. 

Few plastics calenders are de- 
signed to make only a single size 
of sheeting from a single stock. 
Usually, maximum flexibility is 
desired so that thin films and 
heavy sheeting can be produced 
to satisfy changing market re- 
quirements. This, in turn, means 
the rolls will be subjected to a 
wide range of separating forces. 
These forces bend the rolls, 
changing the shape of the aper- 
ture between them. If some com- 
pensation for this bending were 
not made, the sheet thickness 


would vary considerably over its 
width. To keep the sheet flat, two 
techniques of compensation are 
used. In one—roll-bending—an 
opposing bending moment is ap- 
plied to the rolls. In the other— 
roll-crossing—one roll axis is 
crossed slightly with respect to 
the other by causing it to pivot 
about its midpoint of length. Both 
roll-crossing and roll-bending de- 
vices are now available for in- 
stallation on calenders already 
built and installed. 

Several calenders recently built 
are equipped with individual 
motor drive for each roll. This is 
accomplished either by connect- 
ing each roll directly to a gear- 
motor through a universal spin- 
dle, or by using a semi-uni-drive 
between the gear motors and the 
spindles. Both of these arrange- 
ments provide a wide range of 
roll friction ratios, which is ad- 
vantageous for the newer types 
of plastics compounds. Since 
these compounds require high 
power at slow speeds, calenders 
should be driven by motors hav- 
ing a low base speed. Such mo- 
tors have been designed for cal- 
endering rates up to 100 yd./ 
minute. 

Material coming from the cal- 
ender should have a reverse wrap 
around closely spaced carrier 
rolls to prevent pull-down in 
width. Free-turning rolls with 
spindles driven to eliminate fric- 
tion are required near the cal- 
ender. 

The recent trend in post- 
calender embossers is toward 
double or turret-type units in 
order to provide a quick change 
of pattern. The type of embosser 
required depends on the emboss- 
ing pressure and whether or not 
the rubber roll, as well as the 
embossing roll, must be fre- 


EQUIPMENT FOR ELECTRONIC HEAT-SEALING 


High-frequency welding of vinyl 
and certain other plastics—“heat- 
sealing,” as it is commonly called 
has three basic requirements: 
1) A means of producing electri- 
il current (a generator) at the 
esired number of alternations 
er second (frequency), usually 
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in the many million cycles range. 
2) A press, because a nominal 
amount of pressure is needed to 
complete the weld. This press is 
connected to the generator with 
a suitable conductor. 3) An elec- 
trode, or die, which seals the ma- 
terial into the shape or pattern 
desired in the finished article. 
High-frequency generators may 


quently changed. High-pressure 
embossing at top calender speeds 
requires a heavy-duty driving 
motor. 

Cooling rolls are usually driven 
in groups of three for best speed 
control. The number required de- 
pends on the heat to be re- 
moved, and this is proportional 
to the sheet thickness and pro- 
duction rate. Slow-speed film 
calenders may have only three 
cooling rolls; high-speed sheeting 
calenders may have as many as 
nine or more. 

Many calenders now have two- 
speed, motorized roll adjustment 
with the low speed designed for 
use with automatic gaging. Beta- 
ray gaging equipment has now 
been designed to control not only 
the logitudinal and edge gage, 
but also the entire profile. In 
automatic profile control, the 
beta-ray gage governs the roll- 
crossing or roll-bending equip- 
ment by keeping a constant check 
on sheet flatness, 

The type of winder is usually 
determined by the gage of ma- 
terial of primary interest. Film 
tensions are readily controlled on 
a surface-type winder. Large rolls 
of sheeting may be better handled 
on a two-arm center winder. For 
both types, the material should 
be cut off and started on the new 
roll as automatically as possible. 
Winders for coated fabric must 
have special cutters in order to 
cut through both plastics and 
fabric without reducing the cal- 
ender speed. 

Drilled rolls and circulating 
liquid temperature controls are an 
accepted part of almost all plas- 
tics calender installations. Now, 
mills, and in some instances Ban- 
bury mixers, are also being con- 
trolled in temperature by similar 
systems. 


By CLIFTON B. ATKINSON* 


range in output—rated “size” or 
power—from as low as % kw. 
upward to 100 kw.; most of the 
equipment in the industry ranges 
from 3 to 10 kw., with the ma- 
jority of it in the lower part of 
the bracket. Power output re- 
quirements are determined by the 
thickness of the material to be 
welded and the total area of the 
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FIG. 1: Curve for determining number of sealable sq. in. of 
virgin vinyl of varying thickness, per kw. of machine power 


die surfaces that will come into 
contact with the plastic. The 
graph in Fig. 1, above, provides 
a simple method for determining 
power requirements, based on 
material thickness and sealing die 
area. However, this chart is cal- 
culated for virgin vinyl and there 
will be occasions when some de- 
viation must be allowed, particu- 
larly when reprocessed material 
is used or when the die is unusu- 
ally large. 

The generator should be engi- 
neered to deliver its rated power 
output continuously, although it 
is never required to do so because 
heat-sealing is an intermittent 
operation. Compactness, rugged- 
ness, and ease of service are prime 
requisites for a well-designed 
generator. 


Arc anticipator 


Modern design calls for an arc 
anticipator in the electrical cir- 
cuit of the generator itself. Be- 
ing built in, there is no box to be 
accidently knocked off or any ex- 
posed cables to cause trouble 
with people or objects passing by. 
The generator should also con- 
tain the control or instrument 
panel, located at a convenient po- 


sition for the operator or set-up 
man. 


When the cooling timer is ad- 
ditive to the sealing timer, there 
is little need to change it unless 
a definite change in cooling time 


is desired; the cooling timer will 
automatically add its set time to 
the sealing timer cycle with each 
change of the latter. Some oper- 
ations work best with a third 
timer, which can be set to delay 
the start of the sealing timer. For 
the most part, however, a spring- 
loaded overtravel system allows 
for sufficient pressure of the die 
on the plastic before starting the 
sealing cycle, and this will nor- 
mally prevent surface flashing or 
arcing due to premature applica- 
tion of power. 


Presses for heat-sealing are 
usually “C” frame presses. The 
lower part of the “C” holds the 
bedplate. The upper and movable 
part of the “C” carries a plate to 
which the dies are attached, or a 
pressure plate when the dies are 
placed on the bedplate. The 
power lead is connected directly 
to the upper plate, which is insu- 
lated from the ram of the press 
by a heavy plate of insulating ma- 
terial. The metal die plate is 
joined to the insulating plate by 
screws that allow for adjustment 
of the die plate if the die is not 
quite accurate. Good design here 
permits levelling a die without 
the use of tools, even before a 
seal is made. 

Press rams should have steel 
shafts precision-fitted to hardened 
and lapped bearings. A “fully 


boxed” ram, consisting of two 
steel shafts passing through two 
bearings, each with the bearings 
correctly spaced, will be rigid at 
every portion of its travel. When 
properly lubricated, a ram of this 
type will run for years with no 
appreciable wear and should never 
need adjustment. 

The vast majority of heat-seal- 
ing presses today are operated 
with compressed air cylinders for 
reasons of simplicity and econ- 
omy; several machines can be run 
from one air compressor. Hydrau- 
lic pressure is used for very large 
machines using dies of excep- 
tional size. 

Another familiar type of press, 
called a “feed through” press, re- 
sembles the letter “H” with the 
top bridged. Such presses are 
often used to handle very wide 
material such as shower curtains, 
with the material passing through 
the press direct from the roll. 


Dies 

Heat-sealing dies are most al- 
ways made from brass rule, bent 
and brazed to shape and mounted 
on a plate of aluminum or steel 
with brazed lugs. This method of 
construction is favored because it 
allows for some adjustment of the 
bars when needed. Some dies are 
engraved from solid brass, espe- 
cially those for embossing, but 
this method is too costly for con- 
ventional sealing dies. 

The die is usually mounted to 
the press by means of two or more 
screws, but some manufacturers 
find that changeover time can be 
considerably reduced when a 
more or less permanent “chase” 
is mounted on the press die plate. 
Thus, when dies are made up on 
a standard size plate they can 
easily be slid into, or out of, the 
chase and locked in place by 
either spring loaded balls or by 
two wing screws. 

In calculating the sealing area 
of a die, only that part of the die 
that exerts pressure on the mate- 
rial is considered. To find the 
square inch area of a die, each 
segment of the die is measured 
separately and then added to 
gether; thus a %-in. wide bar 
in. long equals 1 sq.in.; a %2-i 
bar 32 in. long equals 1 sq.in., an: 
so on. The “knife” of a tear-se< 
die should be considered to be 
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3-in. bar, except when the die 
s relatively small, when it can 
be figured the same as a %2-in. 
bar. A 12-in. square die made 
with %-in. rule thus figures out 
to 6 sq.in. of sealing area. How- 
ever, the same die with a tear 
knife around the edge will figure 
out to 12 sq.in. of sealing area, 
despite the very narrow width of 
the knife. 

Dies seal much better after they 
have been used long enough to 
pick up some heat from the plas- 
tic, allowing a decrease in power 
or reduction in time cycle. There- 
fore, a heating device, commonly 
called a “hot-plate,” is in wide use. 
Attached to the die mounting 
plate, the hot-plate can be raised 
to a desired temperature before 
the start of the day’s production, 
so that the operator will begin 
work with a warm die. A ther- 
mostatically controlled hot-plate 
eliminates all guessing and ther- 
mometer watching. Heated dies 
are a must when tear seals are 
made with overlaying appliques. 

While a heated die will extend 
the sealing area of any given ma- 
chine, it does not increase the 
power output of the machine, and 
care must be taken not to run the 
machine at maximum capacity 
consistently in an effort to make it 
perform like one with a higher 
output rating. 


Operating methods 
Heat-sealing operations may, of 
course, be either manual or auto- 
matic. The first exceeds the latter 
by far, primarily because most of 


the items manufactured by heat- 
sealing do not lend themselves to 
automatic operation. 

With manual operation, a true 
two-hand safety system offers op- 
erator protection. To start the 
cycle, the operator must depress 
a bar with each hand almost si- 
multaneously and maintain pres- 
sure until the die is in firm con- 
tact with the plastic. In operations 
where press travel can be re- 
stricted to % in. or less, a foot 
valve operating system will prove 
advantageous. 

There are several accessories 
available for increasing produc- 
tion speed of heat-sealing ma- 
chines, such as shuttle feeds, 
turntables, and automatic index- 
ers. A shuttle feed, as the name 
implies, consists of a rail system 
for transporting a loading tray 
from either side of the machine 
into the sealing area and requires 
two operators—one at each side of 
the machine. While one station is 
on the press and sealing is being 
done, the other is being unloaded 
and reloaded. 

Movement of the stations may 
be made manually or by a suit- 
able air cylinder for each station. 
Safety precautions prevent cycling 
until the station is exactly located. 

Turntables may also be oper- 
ated manually or automatically. 
Driving devices, adjustable to 
take care of varying numbers of 
stations, are available for different 
sizes and weights of turntables. 
Proper switching circuitry will 
permit manual, semi-automatic, 
or fully automatic operation. 


Automatic indexers, while most 
expensive initially, provide the 
most consistent high-speed pro- 
duction of sealed items. The best 
type of indexer uses motor driven 
feeds for roll material through 
what is called a “dance roll” as- 
sembly that will maintain constant 
tension on the plastic feed at all 
times. A clamp-type transport 
system consists of two movable 
clamps and one stationary clamp, 
all air operated. The movable 
clamps, spaced according to the 
travel distance necessary, are 
rubber- or neoprene-lined to pre- 
vent slippage, and grip the plastic 
film across its entire width. These 
clamps grip the film at the start 
of the sealing cycle. The cycle 
completed, the press opens, actu- 
ating an air cyclinder that moves 
both clamps and the sealed mate- 
rial forward until a new section of 
film is in position. At this point, 
movement stops and the third 
clamp now grips the plastic, just 
ahead of the finished section. The 
movable clamps then release, the 
air cylinder returns them to start 
position, they close, and the ma- 
chine recycles. Because the length 
of the transport stroke can be in- 
finitely controlled, the clamp type 
indexer permits tolerances be- 
tween seals that cannot be 
achieved by other methods of 
moving the plastic. 

A simple system for increasing 
production is that of using multi- 
ple loading trays, with one opera- 
tor at the machine and additional 
people adjacent to it who load and 
unload the trays. 


EQUIPMENT FOR AUTOMATIC MIXING AND METERING 
OF REACTIVE RESIN SYSTEMS 


Machines for continuously pro- 
portioning, mixing, and dispensing 
polymerizable liquid resin-hard- 
ener systems have several advan- 
tages over manual methods. First, 
they are more economical. Hand 
iixing is slow, costly, and messy. 
t is also unsafe and unhealthy. 
‘urthermore, hand mixing can 
sult in qualitative variations 
ie to differences in operator 
faterials and Processes Section, Westinghouse 
ectric Corp., Air Arm Div. Beltimone Ma. 
Adapted from author’s book, “Electronic 
ackaging with Resins—an Engineering and 


anufacturing Guide,” published by McGraw- 
| Book Co., 1961, 
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technique. In addition to gaining 
these advantages, automatic me- 
tering, mixing, and dispensing 
systems help overcome the prob- 
lem of resin pot life. 

For manufacturing efficiency, 
short curing cycles are desired. 
Short curing cycles usually re- 
quire resins with short pot life. 
In hand mixing, the entire batch of 
resin to be used is usually cata- 
lyzed prior to being dispensed. 
Because pot life is short, many 
small individual batches must be 
made. In most machines, the com- 
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pound and catalyst are not mixed 
until actually needed. Thus, a 
compound with short pot life can 
be handled faster by machine. 
Design of an entirely satisfac- 
tory system is not easy, and no 
one machine will be satisfactory 
for all applications. This is due to 
the variations in resin properties, 
compound formulas, temperature 
requirements, and many other 
variables, including the production 
rate and degree of evacuation re- 
quired by the compound. 
Gammel has reported detailed 
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studies of these systems (1).! 
The degree of automation avail- 
able varies from units with only 
simple weighing controls to al- 
most completely automated units 
which control mixing, evacuation, 
metering, dispensing, purging, 
shot size, and shot frequency. 
Costs vary from a few hundred 
to over $10,000. 


‘ Numbers in parentheses link to references at 
end of article 








SSS SSS 


= = HIGH y 
PRESSURE 





The first improvement over a 
hand operation is the use of auto- 
matic component weighing. A 
typical unit is a balance modified 
for controlled batch-weighing and 
dispensing of liquid components. 
In use, it is only necessary to set 
the scale for the weight of liquid 
required, press a button, and an 
electrical control valve dispenses 
the liquid, stopping the flow when 
enough has been dispersed. 


FIG. 2: Hull-Standard Corp. system uses micrometer flow valves to 
control resin streams. Full description will be found in text, p. 911 
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FIG. 1: Automatic Process 
Control Co. system for 
automatic metering, mix- 
ing, and dispensing of 
catalyzed resins. For de- 
tailed description of the 
system’s operation, see 
the text, below 


An extension of the automatic 
weighing described above is that 
equipment (e.g., Delsen’s) which 
combines weighing, dispensing, 
and proportioning functions. How- 
ever, this unit still does not in- 
corporate mixing the catalyzed 
compound. Individualized resin 
components are simply dispensed 
by hand-cranked or motor-driven 
pumps. 


Automatic proportioning, mix- 
ing, and dispensing systems 

Completely or partially auto- 
mated systems proportion the 
resin and curing agent compo- 
nents, mix these components, and 
continuously dispense the cata- 
lyzed compound in definite shot 
sizes and at preset shot and resin 
flow rates. In most cases, both shot 
size and flow rate are variable. 
Most systems include some form 
of purging and/or timing system 
to prevent equipment _freeze-up 
and to allow for cleaning opera- 
tions. Also available are a variety 
of heating or cooling, storage and 
mixing tanks, vacuum pumps and 
casting equipment, flow meters, 
and other special auxiliary equip- 
ment. 

Although there are many dif- 
ferent proportioning, mixing, and 
dispensing systems available, only 
three different systems will be 
described here to illustrate the 
basic principles. 

The Automatic Process Contro! 
Co’s. system (3) is shown sche- 
matically in Fig. 1, above. Low- 
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pressure air is admitted to both 
the hardener (A) and compound 
(B) storage and mixing tanks. 
The air pressure forces both the 
hardener and the compound 
through check valves (C,D) into 
all parts of the hardener aid com- 
pound systems respectively. On 
the hardener side this includes the 
line (E), leading to the mixing 
and dispensing head (T), the 
hardener cylinder (F), and the 
hardener reservoir (G). Only 
enough hardener is allowed into 
the reservoir to provide a seal on 
the hardener cylinder. Then the 
priming valve (H) is closed. 

On the resin side of the system, 
resin is forced into a separate line 
(J) leading to the dispensing 
head and into the right-hand side 
of the bellows chamber (K) above 
the first check valve (D). The 
left-hand side of the bellows 
chamber (L), which is sealed 
from the right-hand side by a 
flexible diaphragm (M), is filled 
with hydraulic oil. Enough oil is 
added to the oil reservoir (N) to 
provide a seal on the cylinder on 
the compound side (O), and the 
priming valve (P) on this side of 
the system is closed. The two cyl- 
inders are then positioned later- 
ally with respect to each other on 
the two bars, one of which is fixed 
(R) while the other is free to 
pivot on one end (S). From the 
mechanics of the system it will 
be observed that the lateral dis- 
tance between the two cylinders 
(F,O) on the bars will determine 
the ratio of the hardener and 
compound which will be delivered 
to the mixing and dispensing 
head (T). To deliver a shot of 
resin, high-pressure air is applied 
to the hardener and oil reservoirs. 
This forces the pistons in the cyl- 
inders to move upwards, causing 
the resin and compounds to move 
through the mixing and dispensing 
head. Simultaneously with the ap- 
plication of air to the reservoirs, 
a valve also admits high-pressure 
air to the dispensing head, to 
open the head valve (V), and to 
the air motor (X) which speeds 
up the mixer impeller. 

Because the volume of material 
delivered per shot is fixed by the 
travel of the piston in the cylinder 
(positive volume displacement 
principle), the shot volume is in- 
cependent of the resin’s viscosity. 
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The amount delivered per shot 
can be varied by adjusting the 
travel of the movable bar (S). 
Note also that the discharge will 
be an intermittent pulsating flow. 

The Hull-Standard system (4), 
instead of using the positive-dis- 
placement cylinders, has pres- 
surized storage tanks, feeding at 
regulated pressures through mi- 
crometer metering valves. (See 
Fig. 2, p. 910). Thus, catalyzed 
resin can be delivered as a con- 
tinuous flow if desired, rather 
than being limited to a definite 
preset shot size. When operated 
intermittently, the shot size can 
be varied as desired and can be 
actuated by using a foot pedal 
control. Since flow is continuous, 
there is no cylinder recharge time 
required as in the positive-dis- 
placement cylinder system. The 
ratio of resin to hardener or cur- 
ing agent is preset by adjusting 
the micrometer metering valves 
and regulating pressure. 

The Hardman system machines, 
series 600 (see Fig. 3, below), use 
mechanically driven positive dis- 
placement piston pumps for me- 
tering all materials (5). A par- 
ticular feature is the use of a 
mechanically driven rotating disk 
valve to control the flow of ma- 
terial into and out of each meter- 


ing piston. Accuracy of the valve 
is unaffected by the viscosity of 
the materials or by fillers. The ro- 
tating disk is lapped when abra- 
sive fillers are used and becomes 
self-seating as it is abraded. 

The series is available in three 
types, i.e., with two, three, or four 
pistons, each with its own six- 
gallon reservoir suitable for pres- 
sure or full vacuum. Reservoirs, 
valves, pistons, and connecting 
pipe lines are enclosed in an in- 
sulated metal cabinet equipped 
with forced hot air heat. The var- 
ious machine types can be pro- 
vided as shot machines with ad- 
justable shot rates of from 50 to 
120 per minute. Shot size is ad- 
justable by a hand control. The 
type IV machine of this series 
provides a continuous output of 
two components with flow rates 
up to 40 lb./minute. This ma- 
chinery has unlimited ratio ranges 
and unlimited viscosity ranges. 


Selecting a system 

Each potential user should ask 
the following questions before se- 
lecting equipment: 

1) Are the materials of con- 
struction compatible with my resin 
filler in contact with the materials 
and catalyst system? This would 
include both metal and plastic 


FIG. 3: H. V. Hardman Co. system uses positive displacement pumps 
for metering all materials. Full description appears in text, above 
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parts. If there is any doubt, a test 
run should be arranged. 

2) Is the machine designed to 
avoid resin freeze-ups? 

3) Can the system be purged 
rapidly and conveniently in case 
of trouble? 

4) Does the machine have resin 
filters to prevent dirt from clog- 
ging valves, orifices, etc.? 

5) Can the machine resist wear 
under the action of abrasive filler? 

6) Will variations in compound 
viscosity cause variations in pro- 
portioning? If so, can these varia- 
tions be compensated for conven- 
iently? 

7) If air power is used, are the 
air lines leak-proof? If closely 
regulated air pressure is required, 
is such regulation available? 

8) If need be, can compound be 
conveniently drawn off for a sep- 
arate application, without going 
through the catalyzing and dis- 
pensing system? 

9) Does the machine have ade- 
quate temperature controls and 
indicators? 

10) Will the machine allow a 


convenient check on the material 


TEMPERATURE MEASUREMENT AND CONTROL 


Jn plastics processing, there is an 
application for every known type 
ot temperature sensing element. 
Most processors use thermo- 
couples, yet other transducers are 
superior to thermocouples for 
many purposes. Where, when, and 
—more important—how to use 
other temperature transducers 
often poses a problem. Sensitiv- 
ity, accuracy, range, speed of re- 
sponse, expected useful life, cost, 
and adaptability to various modes 
of automatic control are only a 
few of the factors in the selection 
of temperature measuring equip- 
ment. 

The five most common sensing 
elements are: 1) filled thermal 
systems, 2) thermocouples, 3) 
resistance bulbs, 4) thermistors, 
and 5) radiation pyrometers. 


Filled thermal systems 


Filled thermal systems operate 
on the principle that heat causes 
expansion and cold causes con- 
traction. There are two funda- 
* Application engineer, Rubber and Plastics In- 


dustry, Minneapolis-Honeywell Regulator Co., 
488 Glenwood Ave., Akron 10, Ohio. 
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proportions for purposes of proc- 
ess control? 

11) Is a flow meter or a flow 
indicator provided to rapidly in- 
dicate clog-ups? 

12) Is the machine simple to 
operate? Will it require excessive 
maintenance? 

13) Does the manufacturer pro- 
vide adequate instruction manu- 
als, spare parts list, and other 
services? 

14) What are the limits of ac- 
curacy, precision, and sensitivity 
for the proportioning system? 

15) Will the equipment handle 
the range of dispensing rates and 
volumes which will be required 
for the service contemplated? 

16) Does the machine dispense 
continuously or does it dispense 
intermittently, thus requiring 
charge-up time? How much does 
this charge-up depend on com- 
pound viscosity? Will this slow 
down operation? 

17) Does the mixing head or 
system provide thorough and uni- 
form component mixtures? 

One should not ask for more 
performance than is required, as 


mental types, both based on the 
invention of the Bourdon spring: 
1) those in which the Bourdon 
responds to volume changes; and 
2) those in which it responds to 
pressure changes. The first type 
is completely filled with a liquid. 
The second is either filled with a 
gas or partially filled with a vola- 
tile liquid. The principle of a 
vapor filled thermal system is 
shown in Fig. 1, below, in which 
the spiral represents the Bourdon 
spring and the airtight container 
represents the bulb. 


FIG, 1: Principle of vapor 
filled thermal sensing system 
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equipment and maintenance costs 
will be likely to increase propor- 
tionately. 
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Filled thermal systems are ex- 
tremely simple in design. This re- 
sults in low initial cost and gen- 
erally minor upkeep, perhaps the 
main advantage in using them. 
They have sufficient power to 
drive a controller mechanism as 
well as a recording pen. Con- 
trollers may have all modes of 
pneumatic control, multiposition 
electric control, and integral cam- 
type cycle programming. Accu- 
racy is usually +1% of instru- 
ment span, and sensitivity about 
%% of instrument span. The 
shortest spans (around 25° F.) are 
available in liquid filled systems; 
however, special liquid filled sys- 
tems have been designed with 
spans as narrow as 10° F. While 
filled systems and mechanical in- 
struments are less expensive than 
electrical measuring systems, they 
are not as sensitive nor as accu- 
rate as their short-span electrical 
counterparts. 

Although the accuracy and 
sensitivity of filled systems are 
generally acceptable to the plas- 
tics industry, the relatively large 
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ize of their thermal bulbs is per- 

aps the main deterrent to their 
ise. The smallest bulbs are made 
for liquid filled systems, but even 
these are at least % in. O.D. by 
1% in. long.. Short spans are de- 
sirable for greater accuracy of 
measurement, yet the shorter the 
span, the larger the bulb. 

A second objection to thermal 
systems is the lack of electrical 
control modes available for the 
controlling instrument. Processes 
which require electric control and 
also have large load changes need 
more than a multiposition mode of 
control. 

Most filled systems are used to 
measure the temperature of fluids, 
but there are applications where 
they can infer the temperature of 
a solid and promote excellent 
control. A typical application is 
controlling the steam and cooling 
water to platen presses for com- 
pression molding. In this case, 
there is a long dead time between 
the time a valve changes the flow 
of the heating or cooling medium 
and the time that the corrective 
temperature change begins to 
take place in the mold. To circum- 
vent the dead time, two instru- 
ments can be connected to form a 
cascade control loop. The mold 
temperature is measured by a 
thermocouple and a program con- 
troller. The pneumatic control 
from the program con- 
troller repositions the set point 
index on a thermometer con- 
troller. The bulb of the filled 
system is placed in the steam and 
water mixing line. The pneumatic 
signal from the thermometer 
controller operates valves in the 
steam and cooling lines. This cas- 
cade control system might be re- 
garded as a means of storing po- 
tential energy to meet the rapidly 
changing demands of the mold. 
Cascade control loops such as this 
circumvent the problem of dead 
time, reduce cycle time, and gen- 
erally improve product quality by 
educing temperature cycling in 
the mold, 

This example of cascade control 

ustrates that: 1) within a given 

mtrol system it is often desirable 
use more than one type of 
mperature sensing element; and 

) filled systems are primarily 

nployed when the heating me- 

um is a fluid. In general, where 
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FIG. 2: High-order lags can be avoided with dual thermocouples. Draw- 
ing, right center, gives analogy; curves show temperature relationships 


pneumatic control can be used, 
and there is enough room to in- 
stall a % in. O.D. by 3% in. bulb, 


consider a filled thermal system. 


Thermocouples 


A thermocouple consists of two 
wires of dissimilar metals joined 
at either end, usually by welding. 
This transducer produces a volt- 
age which is proportional to the 
temperature difference between 
the measuring junction (inserted 
into the process) and the refer- 
ence junction (the point where 
the extension wires are connected 
to the measuring instrument). 

A frequent control problem in 
plastics processing arises because 
of high-order lags due to heat 
transfer through a series of me- 
diums. Cycling around the set 
point is the result. While it is 
true that more sophisticated con- 
trollers alleviate the problem, the 
weakest link in the control loop 
is often the sensing element. 

High-order lags can be illus- 
trated by considering a steel tube 
with a heating medium on the 
outside surface and a plastic flow- 
ing through the inside, as shown 
in Fig. 2, above. An analogous 
situation is found in extruders, 
injection molding machines, and 
many plastic molds. Although the 
specific heat of the plastic may be 
three or four times that of the 
metal, there is generally 100 to 
1000 times more metal than plas- 


tic. To obtain a given tempera- 
ture change in the plastic, time 
is consumed in changing the tem- 
perature of the metal. Thermo- 
couples located near the heating 
medium offer good heat input 
control, but give a poor indication 
of melt temperature. Conversely, 
thermocouples located deep in the 
cylinder wall give a good indica- 
tion of melt temperature, but poor 
heating control. The shallow ther- 
mocouple would provide satis- 
factory control if load changes 
did not occur inside the tube, but 
changes in the molecular weight 
of the plastic, and increased fric- 
tional heat, due to changes in flow 
rate, rule this out. 

Fortunately, two thermocouples 
in parallel offer the advantages of 
both deep and surface thermo- 
couples without inheriting the 
disadvantages of either. By mak- 
ing the resistance of both thermo- 
couples equal, the potential across 
the measuring instrument is pro- 
portional to the average of the 
voltages developed by the two 
junctions. To obtain a true aver- 
age temperature reading: 1) all 
thermocouples must have _ the 
same resistance; 2) all thermo- 
couples must be connected direct- 
ly to the two common terminals 
at which the net emf is measured; 
3) thermocouple voltage must 
vary linearly with temperature 
in the region of measurement. 

Dual thermocouples add what 
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might be called a form of rate and 
proportional action to the control 
loop. In essence, the signals from 
the dual thermocouples fool the 
controller. Fig. 2 (p. 913) shows 
the relationship between outside 
wall temperature and inside wall 
temperature, and the dual ther- 
mocouple reading for a tempera- 
ture step change in the heating 
medium (as occurs when an ex- 
truder’s electric heaters are 
turned on). When the tempera- 
ture of the heating medium in- 
creases, the magnitude of the dual 
thermocouple reading is weighted 
by the rapid rise of the outside 
surface temperature. Conversely, 
in cooling, the reading is weighted 
by the slow change in the melt 
temperature. 

The response of the dual 
thermocouples to a temperature 
change either at the surface or 
in the melt is rapid. As soon as 
the temperature of the heating 
medium is changed, the thermo- 
couples begin to respond. This 
would not be true with one deep 
thermocouple. When the heat 
generation on the inside of the 
tube changes, as shown by A in 
Fig. 2, p. 913, the thermocouples 
again respond immediately. This 
change might not be detected by a 
shallow thermocouple due to 
damping, and at best would ap- 
pear only after a substantial time 
interval. It is important to note, 
however, that the magnitude of 
a temperature change, either in- 
side or outside the tube, is re- 
duced by a factor of two when 
read by dual thermocouples. 

This example illustrates that it 
is not always best to measure the 
controlled variable to obtain suc- 
cessful control. In the above case, 
even a complete temperature pro- 
file of the plastic melt would not 
help the control problem. The lags 
due to heat transfer would still 
exist. On the other hand, limiting 
the B.t.u. input per unit surface 
area per unit time (watt density 
in electric heaters) and mini- 
mizing the measuring instru- 
ment’s dead band does help the 
control problem. The former min- 
imizes the external load changes, 
and the latter improves the sen- 
sitivity of the controller. Opti- 
mum controllability would be ob- 
tained when the process is run 
adiabatically and the flow rate 
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and back pressure on the plastic 
control the heating. However, the 
main point to remember is that 
the type, placement, and configu- 
ration of the sensing element are 
as important to the control prob- 
lem as the control mode in the 
instrument. 


Resistance thermometers 


Resistance thermometers relate 
changes in the temperature of an 
electrical conductor to a propor- 
tional change in electrical re- 
sistance. Industrial units of this 
type are usually accurate to 
+0.5° F. in a 32 to 212° F. range. 
Laboratory models are available 
for measurements reproducible 
within +0.01° C. or 0.002% of 
their working span. In addition, 
these transducers are available 
with high speeds of response 
(time constants of 0.05 sec. for 
open pickups and 0.005 sec. for 
wafer-type elements). As with 
thermocouples, speed of response 
depends upon the ratio of thermal 
capacity to thermal conductance. 
Since thermal capacity is related 
to mass, while thermal conduct- 
ance is proportional to surface 
area, the mass/area ratio becomes 
important in obtaining high 
speeds of response. Of course, the 
type of protecting well and the 
type and velocity of the meas- 
ured medium are extremely im- 
portant to the over-all response 
of the resistance thermometer. In 
general, with resistance thermom- 
eters one can obtain higher speeds 
of response and greater accuracy 
than with thermocouples. 

Perhaps the main reason for not 
using resistance thermometers in 


Thermistors are 
smallest available tempera- 
ture transducers, Three are 
here compared in size to 
king-size cigarette, top 


FIG, 3: 


the plastics industry is their rela- 
tively large size. The smallest 
sensing bulbs are about % in. O.D. 
by 2 inches. Although mold tem- 
peratures might be controlled 
very closely with these devices, 
the size often prohibits their use. 
For the majority of plastics proc- 
essing control problems, the ac- 
curacy and speed of response of 
thermocouples are satisfactory 
and, furthermore, thermocouples 
are usually much smaller than 
the equivalent resistance bulbs. 

The wafer-type resistance ther- 
mometer, however, may not have 
had the use that it merits. Wafer 
sensing elements can measure 
surface temperatures with high 
accuracy and extremely fast 
rates of response. A typical ele- 
ment is 0.005 in. thick, 0.5 in. wide, 
and 1.5 in. long. In molds for in- 
jection molding machines, such a 
device should fit nicely in shal- 
low indentations between the two 
cavity retainer plates. Mounting 
a wafer bulb is much like mount- 
ing a wafer strain gage, except 
that the temperature bulb should 
not be mounted on a free moving 
piece or in a place where the 
wires would be subjected to 
stresses and strains. 

In the plastics industry today, 
resistance bulbs are used mainly 
in research, where close and ac- 
curate temperature measurements 
are required. However, the future 
will probably see a wider use of 
the wafer-type resistance bulb in 
processing work. 


Thermistors 


Thermistors are solid-state de- 
vices similar to resistance ther- 
mometers, but are made from 
semi-conductors rather than con- 
ductors. The pure metals used in 
wire-wound resistance bulbs in- 
crease in resistance with a tem- 
perature rise. This is because 
electron-mobility is reduced due 
to a decreased mean free path. 
Semi-conductors decrease in re- 
sistance with temperature rise due 
to the increased availability of 
electrons from the break-up of 
covalent bonds. The available 
electron changes in semi-conduc- 
tors are very great so that tem- 
perature-resistance _ coefficients, 
while negative, are much greater 
than for metals. 

Because of their high tempera- 
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ture-resistance coefficients, ther- 
mistors are used with narrow span 
instruments to provide excep- 
tionally close control. With an in- 
strument having 10° F. span and 
44% accuracy, measurement to 
+0.025° F. is possible. 

More important to the plastics 
industry is that thermistors are 
small. Some thermistors are as 
tiny as the head of a pin, and the 
protecting well for this element 
is often as small as a piece of 
pencil lead. Their size makes 
thermistors ideal for mounting in 
molds and other areas requiring 
close tolerances. (Fig. 3, opposite.) 

A thermistor and a thermo- 
couple can be housed in the same 
protecting well. The thermocouple 
signal can be used to bring the 
particular process up to tempera- 
ture, within control limits of 
roughly +2 to 5° F. At this point, 
the controlling instrument can be 
switched to read the thermistor 
signal. What was once an 800° F. 
span on an extruder could become 
a 20° F. span, and control ac- 
curacy could be +%° F. Today, 
this arrangement would require 
two instruments because of the 
negative temperature coefficients 
of most thermistors. However, 
semi-conductor devices with posi- 
tive temperature coefficients have 
recently been developed, and it 
appears that in the near future 
control will be obtained with only 
one instrument. Thermocouple- 
thermistor combinations operate 
well on continuous processes, 
such as extrusion, where close 
temperature control over ex- 
tended periods of time is re- 
quired. Where process deadtime 
is negligible, this combination 
may also be used in cyclic proc- 
esses such as mold temperature 
control in injection molding. In 
this instance, the control instru- 
ment automatically switches from 
the wide span to the narrow span. 

Since thermistors are relatively 
new devices, many improvements 
must be made before they will 
enjoy widespread usage. Cur- 
rently, the greatest objection to 
thermistors is their relatively poor 
tability. Long-term stability of 
the resistance-temperature rela- 

mn depends upon thermistor con- 

ruction, use, and conditions. If 
ibjected to cycling at a high tem- 

‘rature, some thermistors may 
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FIG. 4: Principle of operation of the radiation pyrometer 


exhibit a behavior characteristic 
of relaxation. The resistance 
change may be several’ percent 
following the temperature change, 
with a recovery time of a few 
hours. When thermistors are held 
at a fixed temperature with 
negligible current flow, resistance 


* changes on the order of 1% per 


year are typical. The drift of a 
thermistor decreases with aging, 
so new thermistors must be pre- 
aged before installation. However, 
as new materials are developed, 
the stability of thermistors is be- 
ing improved. Within the near 
future, thermistors with stability 
characteristics good enough for 
plastics industry use should be 
commercially available. 


Radiation pyrometers 


The radiation pyrometer is a 
transducer which measures the 
intensity of radiation emitted by 
an object over a wide band of 
wavelengths. This radiation is 
focused by a lens, or aperture, on 
a resistance thermometer, thermo- 
couple, or a series of thermo- 
couples known as a thermopile. 
Fig. 4, above, shows the principle 
of operation of the radiation py- 
rometer. All bodies above abso- 
lute zero emit radiation which 
varies with the temperature of the 
body. Once this radiant energy is 
focused on the sensing element, 
the operation of the radiation 
pyrometer is much the same as 
the operation of a thermocouple 
or resistance thermometer. 

The performance of a radiation 
pyrometer can be predicted by 
basic laws of optics. Fortunately 
for the plastics industry, opaque 
plastics generally have high emis- 
sivities, ie., they absorb and emit 
a large percentage of the incident 
radiation. Transparent plastics 
have high emissivities in at least 
one narrow band of the infra-red 
spectrum. With a little care, the 
radiation pyrometer can measure 


the temperature of most plastics, 
even clear films that are as thin 
as one mil. 

Although radiation pyrometry 
was once restricted to high-tem- 
perature measurements, this is no 
longer true. Industrial instru- 
ments are available which suc- 
cessfully operate at temperatures 
as low as 125° F., and, in special 
applications, 40° F. can be meas- 
ured. A radiation pyrometer has 
two advantages: 1) the tempera- 
ture sensing device does not phys- 
ically touch the measured me- 
dium; and 2) the instrument has 
a fast speed of response, usually 
less than % second. The radia- 
tion pyrometer is ideal for tem- 
perature scanning purposes in 
film production, for following the 
progress of epoxy curing, and for 
similar applications. 

For most applications in the 
plastics industry, a low-range 
radiation pyrometer is used. The 
normal limits of temperature 
measurement for this device are 
roughly 125 to 700° F. Unfor- 
tunately, it is impractical to 
factory-calibrate the instruments 
in terms of degrees Fahrenheit, 
and usually a 0 to 100 scale is 
supplied. This should not bother 
process men, since all tempera- 
ture scales are relative, and the 
control system functions inde- 
pendently of the numbers on the 
scale. All modes of control, both 
pneumatic and electrical, are 
available in instruments used with 
radiation pyrometers. The chief 
practical limitation is the 350° F. 
ambient temperature to which the 
detecting head can be subjected. 
Where existing ambient tempera- 
ture is higher, the head must be 
water or air cooled. There are 
also a number of optical con- 
siderations in applying the radia- 
tion pyrometer; usually it is ad- 
visable to discuss the anticipated 
application with the equipment 
manufacturer. 








New 
Turbulator Gun 


and 
Formulator 


Meters, mixes and sprays 


fast setting catalized coatings 


The new Binks Formulator and the 
Binks Turbulator Spray Gun give 
you a precision method for propor- 
tioning, mixing and spraying plural 
component coatings. 


By a simple adjustment on the 


Formulator, exact proportions of 


two reactive liquids can be delivered 
to the gun simultaneously .. . and 
delivered according to the most 
precise mixing formula. When the 
liquids reach the gun, they are mixed 
internally, then sprayed immediate- 
ly. Even the fastest reacting mate- 
rials can be mixed and dispensed 
without build-up in the gun. 


The Formulator-Turbulator combi- 
nation gives you fast, economical 
application of urethane foams, poly- 
esters and epoxy coatings. Send for 
Bulletin A-101-4. 


Ask about our spray painting school. Open to all. . 








Binks complete line of spray equipment 
for applying plastic finishes 





land aut tic spray guns for 
uniform, cost-saving a 
of any type spray finish. 


Nozzles for exact atomization 
and spraying of your material, 
from standard to heavy viscosity. 


Spray booths for efficient, safe, 
meget removal of overspray. 
Iry, filter and waterwash types. 


Material handling pumps for eco- 
nomical, one-step transfer of 
material from shipping drums 
to spray guns. 


iV] Accessories including respirators, 

oil and water extractors, pres- 
sure gauges, fluid pressure tanks 
and hose. 








- NO TUITION . . 


. covers all phases. 





Binks Manufacturing Company 3130-4 Corroll Avenue, Chicago 12, Ill. 


REPRESENTATIVES IN PRINCIPAL U.S. & CANADIAN CITIES - 


Binks ) Everything for spray painting 


SEE YOUR CLASSIFIED S-X DIRECTORY 
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EQUIPMENT FOR 
LAMINATING 
By ROBERT W. RUPPERT* 


Laminated plastics is a catch-all] 
phrase that covers a number of 
different materials—ranging from 
thermoplastics laminates (with 
decorative fillers in between) to 
decorative thermosetting lami- 
nates for countertops, etc. 

Basically, thermoset laminates 
consist of sheets or webs of paper, 
fabric, asbestos, fibrous glass, or 
similar materials which are first 
impregnated or coated with resin 
and then combined under heat 
and pressure to form commercial 
materials. 

The sequence of operations in 
producing a thermoset laminate 
involves, first, impregnating the 
filler or reinforcing material with 
the resin. This may be by means 
of immersion in a varnish bath, 
or by applying a_liquid-resin 
solution by rollers or sprays. In 
the immersion method, the web or 
filler is fed through a tank con- 
taining resin dissolved in a sol- 
vent to form a liquid varnish. The 
web is then drawn out through 
squeeze rolls or over a doctor 
blade to remove excess liquid. If 
rolls are used to apply the resin, 
they are arranged to pick up the 
resin from the bath and transfer it 
to the web. 

Drying after impregnation re- 
moves the solvent and partially 
polymerizes the resin. This leaves 
a fairly stiff sheet which is cut 
into convenient sizes for subse- 
quent lamination. The next stage 
is to lay up the dried, impregnated 
web into a succession of plies for 
sheets, tubes, rods, etc., and apply 
pressure and elevated tempera- 
ture to complete thé polymeriza- 
tion and form the finished lami- 
nated piece. 


Web impregnating equipment 

Without attempting to cover all 
methods and machines, a general 
description of several systems for 
impregnating the web or filler 
will be discussed in the following 
paragraphs. 

Certain sirupy resins may 
simply be poured over the rein- 
forcing material on a mold. Resins 


*Consult Eng Fred S. Carver, Inc., 5 
Chatha: engine, N. J. 
References” were prepared by the edito 
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Xenon Arc 


Weather-Ometer 
and 


Fade-Ometer 


A high pressure Xenon Arc with a 
spectral radiation distribution very 
close to that of sunlight is now avail- 
able in the Weather-Ometer and 
Fade-Ometer. 

This new Xenon light source is a 
6000 watt water cooled lamp which 
at a sample distance of 187% inches 
produces a rate of deterioration 
equal to that of noon June sunlight. 

Both machines have automatic 
control of black panel temperature, 
cycles, etc. and are available with 
automatic control of humidity. 

The Xenon lamp is available with 
constant wattage transformers to in- 
sure a uniform radiation intensity 
regardless of variation in line volt- 
age and controls are provided for 
increasing the wattage to compen- 
sate for loss of intensity due to lamp 
aging. Anticipated useful lamp life 
is 2000 hours. Lamp burner tube is 
easily replaceable by the operator. 


Xenon Weather-Ometer”® 
$3457.00 up 


A new testing 
machine for fast 
determination of 
the weathering 
qualities of plas- 
tic products. Fully 
automatic oper- 
ation. Sample ca- 
pacity 54 speci- 
mens 3” x 9” in 
size. Weather- 
Ometers manu- 
factured after 
1953 can be con- 
verted from carbon arc to Xenon arc. 


Xenon Fade-Ometer® $3247.00 up 


For testing color fastness or light aging of 

plastic products. Fully automatic. Sample 

capacity 140 specimens 2% x 4% or 70 
nens 2% x 8 inches. 


Write for complete information 


PLAS ELECTRIC DEVICES CO. 


WN. Ravenswood Av« Lhicago 13, Ill 
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of a heavier or more viscous 
nature are applied to the web 
by knife or doctor blade coaters. 
When the web is sufficiently 
strong to be pulled under slight 
tension, it can be run through 
‘troughs or dip tanks or through 
transfer rollers. 

In transfer-roll coating, the 
resin is lifted as a film on a re- 
volving roll and transferred to the 
web. Varying the relative speeds 
between the roll and web controls 
the amount of resin applied. 

Bar-over-bar coating is some- 
times used with more viscous 
resins on a web of high tensile 
strength. The web is led over a 
stationary bar and under another 
stationary bar directly above the 
first one. The upper bar squeezes 
the resin into the web fairly 
evenly. The gap between the bars 
is adjustable for control purposes. 

Impregnating by immersion is 
another common method with 
more fluid resins; the web runs 
under an immersion roll in a tank 
of resin varnish and carries a 
heavy film of it to the nip between 
two other rollers where excess is 
removed and returned to the im- 
mersion tank. Pressure at the nip 
may be controlled by screws or 
levers forcing the rolls together, 
although most fillers or webs do 
not need extra pressure to cause 
penetration of the resin solution. 

Spraying presents another 
method of applying liquid resin 
solutions. It is possible to closely 
control web resin content with 
this method. Also, spraying allows 
impregnating of webs which have 
resin-soluble binders. These could 
not be handled by the dip or roll 
methods, since softening of the 
binder would weaken the web. 
A simple 1-in. dia. pipe manifold 
with ‘%e-in. holes or nozzles 
spaced about % in. apart has 
served well as a spray or drip im- 
pregnator. Several manifolds with 
staggered spray nozzles assure 
uniform coverage of the web. 
Pumps used to supply the liquid 
resin to these manifolds are usu- 
ally positive-displacement types 
of sufficient eapacity to cover the 
web widths encountered. The 
webs are moved horizontally be- 
neath the stationary sprays and 
fnay be carried by belt or screen 
conveyors. 

Other 


equipment sometimes 








PAUL O. ABBE 
EQUIPMENT 
FOR THOROUGH 
PRE-MIXING, DISPERSING 
AND DRYING OF PLASTICS 


BALL AND PEBBLE MILLS. For eco- 
nomical fine grinding and _ blending. 
Write for Catalog “B-1.” 


“ROTA-CONE” BLENDERS. For rapid 
thorough blending of dry free-flowing 
materials. Exceptionally easy to clean 
and completely dust-tight. Write for 
12 pg. brochure “C-1.” 


“ROTA-CONE” VACUUM DRYERS. 
For fast, efficient batch drying and 
blending of pellets, chips, powders, etc. 
Utilizing high vacuum, complete drying 
of heat sensitive materials is accom- 
plished quickly at relatively low temper- 
atures. Write for 12 pg. brochure “C-1.” 





RIBBON BLENDERS. Can be furnished 
with jackets for temperature control and 
with spray nozzles for introduction of 
plasticizers. For both batch and continu- 
ous processes, Write for Catalog “D.” 


MASS AND PASTE MIXERS. For 
mixing and kneading of all kinds of 
pastes. Write for Catalog “D.” 


PPAUL O. REUCEE 


257 Center Avenue, 
Little Falls, New Jersey 
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PRECISION EXTRUSION CUTTER 


(WITH OR WITHOUT SYNCHRONIZED FEED ROLLS) 
CAPACITY: Up to 2 in. diameter; tubes, rods, rectangles, shapes 
SPEED RANGE: 7600 cuts per minute to one cut in 8 minutes 
CUTS: Square and smooth, to close length tolerance 


Precision Pinch-Roll Take-Off is available separately. In addition to Model IV shown, 
we manufacture Model F-6 and F-7 Versa Cutters (smaller, lighter, less expensive) as 
well as measuring or timing controls to determine length of piece cut. 


When you send for circulars also send samples for us to cut. Information on lengths 


used for impregnatirg webs in- 
cludes: vacuum or pressure sys- 
tems (when the filler is very com- 
pact and resists penetration); 
dusting systems which apply 
powdered resin over the web; and 
brushes for scrubbing the liquid 
resin into the filler. 


Drying equipment 
Evaporating the resin solvent 
and partly curing the resin after 
impregnation is accomplished in 
drying ovens. Vertical and hori- 
zontal ovens are employed with 
steam, electric, or gas heating, 
Forced-air circulation is com- 
monly used for faster, more uni- 
form heating of the web. Tem- 
peratures are adjusted so that the 
resin is only partly polymerized 
and the web leaves the oven ina 
condition permitting it to be cut 
and stacked or rolled without 
sticking together. Ovens may 
often be equipped with solvent 
recovery systems which cool the 
hot vapor and condense it to a 


needed, tolerances and extrusion speeds will be helpful. 


FOSTER & ALLEN, INC. ay — 


liquid for re-use. 

A phenolic impregnating resin 
is said to be in the A-stage before 
drying. After drying and partial 
polymerization, it is in the B- 
stage. When the impregnated ma- 
terial is formed into sheets, rods, 
or other shapes by pressure and 
heat, the resin reaches the cured 
or C-stage. 


Manufacturer of 
VERSA CUTTERS 
Reg. U.S. Pat. Off. 
VERSA FEED 

















CASTING 
WINDING 
POLISHING 
ROLL UNIT 


Pressure-applying equipment 

Final polymerization is usually 
carried out in a press where the 
laminate is formed to some de- 
sired shape or is simply press 
polished. Forming operations usu- 
ally call for slow-moving machin- 
ery capable of applying pressure 
gradually and holding at the de- 
sired maximum pressure until 
complete curing has taken place. 
It would be impossible to describe 
all the numerous presses available 
for laminating work since almost 
any device which will apply pres- 
sure could conceivably be used, 
and practically all conventional 
types of presses have been used 
in laminating sheet plastics. 


SHEETING. DIE 


GETTY 


MACHINE AND MOLD INC. 
384 Getty Ave. Clifton, N.J. 


MANUFACTURERS OF LABORATORY MILLS, EX- 
TRUSION DIES, WIND-UP AND TAKE-OFF EQUIP- 
MENT ETC. for sheet, pipe, monofilament, etc. 


Large presses 

For large-size work, it is neces- 
sary to use hydraulic presses 
capable of exerting forces 
hundreds of tons. These presses 
generally contain many platens 80 











LABORATORY MILL 
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that several stacks of plies can be 
processed at one time. The lami- 
nates are not placed directly be- 
tween platens but rather are held 
between highly polished plates 
which in turn are placed between 
the platens. Polished plates pro- 
duce a smooth, glass-like surface 
on the finished product. Of course, 
these plates may also have other 
finishes such as _ sand-blasted, 
etched, etc. 

The larger presses are most 
often automatic or semi-auto- 
matic and have self-contained 
hydraulic pumping systems to 
provide both high- and low-pres- 
sure operation. Frequently, ac- 
cumulator-type systems are used. 

Many large, multiple-platen 
presses for laminating and polish- 
ing plastic sheets are provided 
with a loading and unloading ele- 
vator which facilitates handling 
large sheets. The elevator may be 
hydraulically operated from the 
press pumping unit or powered 
separately by other means. 

The use of vacuum is com- 
monly encountered in low-pres- 
sure laminating where atmos- 
pheric pressure is sufficient and 
the parts being formed are large 
and of irregular shape. In this 
method, air is withdrawn from the 
space between a solid mold and a 
flexible membrane with the lami- 
nate in between. Atmospheric 
pressure forces the membrane and 
the laminate against the mold. 
Equipment required usually con- 
sists of conventional vacuum 
pumps of the radial or vane type 
connected through a large tank 
to prevent fluctuations in vacuum 
supply. As a general rule-of- 
thumb, minimum tank capacity 
should be approximately 1% 
times the volume of the largest 
forming chamber used. 

Vacuum gages are mandatory 
for determining and controlling 
the force exerted on the laminate. 
Also required are good connec- 
tions between the vacuum tank 
and the mold. Flexible tubing 
allows more freedom of move- 
ment and is a convenient method 
of making these connections. 
Control valves are needed in the 
line from the vacuum tank to the 
mold for controlling the applied 
vacuum and for releasing it by 
admission of air. 

Fluid pressures above atmos- 
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pheric are also used in forming 
laminates. One part of the mold is 
rigid, the other is a flexible mem- 
brane. Steam, air, inert gases, 
water, oil, or combinations of 
these are used under pressure 
against the diaphragm. For gases, 
two-stage compressors having 
auxiliary receiving tanks of suf- 
ficient volume are used, the re- 
ceiving tank again acting to re- 
duce pulsations of pressure. For 
liquids, positive displacement 
pumps are usually recommended. 
Again, pressure gages, control 
valves, etc. are required for 
proper regulation. The forming 
chamber is designed to withstand 
the higher stresses induced and is 
heavier than that used in vacuum 
work, 

Autoclaves are used frequently 
in laminating plastics. In this 
method the mold and flexible 
membrane are placed inside the 
pressure chamber and pressure is 
applied to both at the elevated 
temperatures within the chamber. 


Heating equipment 

To form the desired shape and 
complete the curing, the laminate 
must be heated. Heating methods 
vary according to the type of 
plastics being treated and the type 
of forming equipment used. 

Hot press platens are com- 
monly used for heating sheet 
laminates. Platens are usually 
cored or channelled for steam or 
hot water circulation which allows 
fast heating with good control. 
Often the platens are made of 
aluminum for better heat transfer. 
Temperatures usually range from 
270 to 350° F. Small high-pres- 
sure boilers can handle the 
average press, providing uniform 
controlled heat, usually within 5° 
F. of set temperatures. Boiler 
capacities naturally depend on the 
size and number of platens or 
molds to be heated. One approxi- 
mation is 2 hp. per press, but this 
may be high on small presses. 
Hot-water and oil heating systems 
are also used. 

Where a quick change is to 
be made from heating to cooling 
thé same platens, as in laminating 
cold-set plastics such as cellulose 
acetate, vinyl, etc, a multiple 
steam-water valve is used to cut 
steam supply and admit cooling 
water to the platen or mold. The 


design is such that a quick change 
can be made by operating a single 
handle. On resetting to heat, the 
steam purges any remaining cool- 
ing water and quickly begins re- 
heating the platen. 

Electric cartridge, strip, and 
open coil heaters of various types 
may be used to heat both platens 
and molds. Heater elements are 
cast into the platens or are in- 
serted into holes carefully ma- 
chined to assure good contact and 
heat transfer. Various wattages 
are available and it is common to 
use higher platen temperatures to 
compensate for the temperature 
drop when work is placed be- 
tween platens. 

Electric strip heaters are useful 
on irregularly shaped molds, etc., 
and are obtainable in varied 
widths up to about 6 inches. Op- 
erating temperatures from 750 to 
1500° F. and higher are common. 
Rheostat or thermoswitch controls 
may be used to adjust and main- 
tain desired temperatures, as with 
cartridge heaters. 

Open-coil heaters are some- 
times used to soften thermoplas- 
tics for forming and there is at 
least one plastics laminating 
machine on the market which 
uses open-coil heater radiation 
directed to a platen of low ther- 
mal mass and high radiation ab- 
sorption. Platen temperatures of 
300 to 400° F. are reached in a 
matter of seconds. Suitable insu- 
lation and radiation protection for 
parts not to be heated must be 
provided with this method. 

Dielectric heating is sometimes 
employed on plastics that can ab- 
sorb energy frorn a rapidly alter- 
nating electromagnetic field. This 
method offers extremely fast, uni- 
form heating since heat transfer 
does not depend on conduction. 
Heat is developed within the 
dielectric (plastic) by molecular 
action. Initial cost of such equip- 
ment is relatively high, but for 
certain production applications its 
speed, cleanliness, and conven- 
ience make it a highly desirable 
technique to be used. 

Infra-red heaters or lamps sim- 
ilar to those used in paint baking 
and drying ovens can be used to 
heat plastics sheets prior to and 
during laminating. 

Most of the obvious and more 
common methods of cooling, in 





general, are applied to plastics 
laminating machinery. Already 
mentioned is the use of cooling 
water circulated through the cores 
of platens. Ordinary city water or 
other liquid coolants may be used, 
To save time, some laminating 
presses have separate cooling 
platens to which the laminations 
are transferred after heating. 


GET THE 
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tained during the cooling phase, 
FOR YOUR LABORATORY OR PRODUCTION EQUIP- ian slither alt dian candies 
MENT NEEDS, AND FOR APPLICATION ENGINEERING ; pape € platens 
ASSISTANCE IN THE FOLLOWING BROAD AREAS: ave Scnnens TANS CS CE 
tor of a small refrigerating system 
so that fast chilling of the lami- 
nates is obtained by the greater 
temperature differential so pro- 
Vacuum Metallizing duced. Also, refrigerated liquid 
Relay Drying and Filling from a separate low-temperature 
Liquid Resin Metering, Mixing, Dispensing supply tank can be pumped 
Vacuum Casting through the cored platen. 
Vacuum Heat Treating Forced-air cooling is employed 
fresse Drying on many small laminating presses 


by means of self-contained blow- 
UP-TO-DATE SYSTEMS — BOTH STANDARD & CUSTOM ers. Air-cooling is naturally 


= slower than with other methods 
ch seuuelvenen 


but eliminates considerable extra 
4. . 
Hatboro, Pennsylvania 


® Compression and Transfer Molding 
Vacuum impregnation and Potting 
Encapsulation 





equipment and allows smaller 


presses to be completely portable. 
Export Division: 1505 Race St., Philadelphia 2, Penna. 


Molds and polished plates 
Molds for plastic laminating are 
varied and many but are distin- 


guished by their intended use, 
44 99 i.e, whether they are to be used 
for high-pressure or low-pressure 
laminating. A great difference in 
mold materials depends on this 


distinction. High-pressure lami- 
Little Giant Injection nating molds are not unlike those 
employed in compression molding 
1 BY ' of plastics. They are usually of 
Molding Press Pneumatic steel construction, although other 
metals may be used, and are rela- 
tively small in size compared to 
Automatic Cycle Speed—50 to 500 p/h those used in low-pressure lam- 
Automatic Cylinder Heat Control: + 1° inating. They are considerably 
Automatic Mold Heat Conrtol: + 1° more expensive and thus are more 
economically used for items of 
large-scale production. 
Low-pressure laminating molds, 
however, lend themselves nicely 
to small production, irregular 
shapes, and fairly large parts such 








Check the “Big Giant” features 


Automatic Hopper—For Accurate Feeding 
Automatic Nozzle Shut-Off Valve 
Automatic Ejection of Molded Items 


1/3-Ounce Capacity Completely Automatic 





Semi-skilled operator can set up 
and operate press in 30 min- 
utes . . . press operates on 100 
psi line pressure . . . floor space 
required—20” x 30”. 


Simplomatic Mfg. Co. 


Dept. MPE-61, 4416 W. Chicago Avenue 


Chicago 51, Ill., U.S.A. 











as boat hulls, aircraft wing sec- 
tions, etc. One of the most inex- 
pensive materials used is plaster 
of paris. Hydromite, a special 
plaster of paris, contains a resin 
and sets to a very hard, smooth 
surface. Large plaster of paris 
molds have been successfully 
used for laminating boat hull: and 
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other similar shapes. Wooden 
molds are common in  low- 
pressure laminating work. In the 
bag method, wood molds may be 
quite light and need not be ex- 
cessively braced. Sheet and cast 
metal molds are often used for the 
larger laminates. Other mold ma- 
terials which have been used in 
low-pressure laminating are con- 
crete, thermosetting plastics, low- 
melting-point alloys, etc. 

The finish on the mold surface 
is reproduced on the laminate. 
Polishing and plating are there- 
fore often used to secure ex- 
tremely smooth surfaces with 
combined good release charac- 
teristics. Chromium-plating is 
common for this application. 

In the press polishing of plastics 
sheet materials, the plates may be 
made of steel, stainless steel, alu- 
minum, copper, brass, etc. and are 
usually highly polished and then 
chromium-plated for high luster 
and surface protection. Hard- 
chrome plating is used for better 
wear and scratch resistance. 


Thermoplastic laminating 


One of the big applications for 
thermoplastic sheet laminates is 
in the preservation of documents, 
papers, etc.! 

Laminating equipment used by 
document restorers commonly 
comprises flatbed, steam-heated, 
hydraulic presses or roller-type 
presses with electrically heated 
preheating sections or platens 
preceding the rollers which apply 
pressure as the work passes 
through. So long as proper atten- 
tion is given to the operating var- 
iables of time, temperature, and 
pressure, good laminations can be 
produced by almost any type press. 
The roller-type press has the ad- 
vantage of being continuous, with 
prepared work being fed in one 
end and finished work emerging 
from the other. 

Air ovens are frequently re- 
quired for removing moisture 
from paper and photographs prior 
to lamination. Excessive moisture 
in paper will cause bubbles and 
other undesirable effects on the 
finished laminate due to steam 
formation during the heating cy- 


{ 


has been found that acids 


erving documents by lamination,”’ Tech- 
News Bulletin of the National Bureau of 
is 42, 54 (March 1958). 
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Plastics Processing 


A small tension change positions the actuator shaft 
so as to call for motor speed change to restore pre- 
set tension. Thus a constant linear feet per minute 
windup may be achieved even though the radius of 
takeup roll increases with each turn to otherwise 
increase linear speed versus radius build-up. Speed 
is now made proportional to position of dancer 
roll and tension is held essentially constant, as is the 
linear rate of material travel. 

These and other models of electronic motor speed control 
systems available from 1/50th to 2 horsepower. 
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DO YOU 
PREFORM 
YOUR 
PLASTICS? 


To meet the requirements of LARGE AND 
SMALL MANUFACTURERS, Bonnot offers 
a low-cost system for feeding, preform- 
ing and sizing fibre reinforced plastics 
and other thermosetting materials. 


Available in a range of 2” to 12”, these 
preformers are proving themselves capa- 
ble of efficiently serving the largest 
plants, as well as economically fitting the 
needs of modest operations. Smaller 
machines are available on a lease basis. 


Over 70 years’ experience in designing 
processing equipment for major indus- 
tries, plus continuous pretesting in our 
expanded research laboratory, enables 
Bonnot to meet the plastic industry chal- 
lenge of a stiffer mix, higher fibre con- 
tent and higher quality end product... 
at reduced cost. 


You are invited to arrange for a “no 
cost or obligation demonstration, with 
your material,” in the Bonnot experi- 
mental laboratory; or outline your prob- 
lems, and a B t 9 will be 
glad to call. Meanwhile, at the right 
you'll find some of the “reasons why” 
Bonnot preformers “pay for themselves 
in a@ surprisingly short time.” 
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may accelerate degradation of 
the paper and the plastic during 
lamination. Neutralization is ac- 
complished by immersion of the 
paper in a tank containing a mild 
alkaline solution, followed by 
oven or drum drying. 

Special cements are used to in- 
crease the adhesion of plastic 
to the glossy surface of photo- 
graphs when being laminated, 
Compatible cements are available 
for the particular type of plastics 
used such as the acetates, vinyls, 
etc. In many cases, a good photo- 
graph lamination cannot be made 
without the use of such cements. 

Small, portable, rigid laminat- 
ing machines for office use are 
complete package laminating 
units, combining press, heating 
and cooling means, and automatic 
cycling with shut-off when 
lamination is completed. Identifi- 
cation cards, credit cards, etc., can 
be made up, laminated, and 
trimmed in a matter of minutes, 
Many such cards, embossed and 
used to imprint sales papers, etc., 
are gaining favor over metal plates. 

Various cutting and trimming 
equipment is used by laminators 
but is not of any specialized na- 
ture. 
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EQUIPMENT FOR MOLD MAKING 


Jn recent years there have been 
some definite trends in the mak- 
ing of injection molds for plastics 
that have directly affected the 
equipment required for mold 
making. A few of the more sig- 
nificant of these trends may be 
summarized as follows: 

1) The increased use of pre- 
hardened steels. 

2) The advent of new processes 
for producing cavities and the 
wider use of various processes 
other than conventional machin- 
ing. 

3) The widespread acceptance 
and use of standard mold base 
assemblies and mold plates in a 
semi-finished or finished ground 
condition. 

4) The trend away from the 
“knee-and-column” type of mill- 
ing machine in favor of the more 
sturdy, “solid base” type of ma- 
chine. 

Since each of these trends and 
processes still has its own specific 
limitations, the need still remains 
for many of the conventional 
types of equipment which have 
been used in the past. 

Types of equipment used in 
producing mold cavities will be 
outlined in this article. 

Some processes, such as “hob- 
bing,” can be and are being used 
by the mold-maker in his own 
shop; however, much of it is being 
done by companies specializing in 
these services. Other processes, 
such as the Shaw process, are still 
restricted to use by those organi- 
zations which have made a com- 
plete study of them. 


Basic equipment 


The power hack-saw is the 
most commonly used machine for 
rough “sizing” bar stock before 
machining. This type of saw uses 
a heavy, high-speed steel blade 
and can cut through even the 
tough alloy steels. 

Band saws are important for 

ugh stock removal when con- 

rs or through pockets are re- 
uired, 

‘he abrasive cut-off machine is 

ful for cutting small quantities 

f rods or bars with accuracy and 


troit Mold Engineering Co., 6686 E. 
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high speed. This type of machine 
uses a rubber-bonded abrasive 
wheel at extremely high speeds. 

Acetylene torches are often 
used for rough-cutting soft ma- 
chine steel and are especially use- 
ful for cutting irregular shapes. 

The shaper and planer are used 
for forming plane surfaces, such 
as in squaring-up mold plates and 
for heavy stock removal on cavity 
blocks. 

The single-spindle vertical drill 
press is the most’ common piece 
of equipment required for drilling 
holes in mold plates or component 
parts. They range from small, 
very sensitive models to units 
that will drill 3-in. diameter holes 
and larger. 

The radial drill press is espe- 
cially useful for large work, since 
it is unnecessary to move the 
heavy block in order to drill sev- 
eral holes in the same surface of 
the piece. It is also used for 
roughing out large circular cut- 
outs and for drilling water or 
steam lines. Horizontal drill 
presses are also useful for drilling 
extra-long water or steam lines. 

The lathe most commonly used 
in mold-making is the engine 
lathe, with special attachments 
that classify it as a “toolmakers’ 
lathe.” It is used widely in mold 
shops and is indispensable for 
forming pieces having circular 
cross-sections. Some of the at- 


“KNEE - AND - COLUMN” 
type of vertical milling ma- 


chine. One of the design 
features is a swivel head 
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tachments available for lathes are 
internal and external grinders, 
milling attachments, special hold- 
ers, and chucks. 

Grinding machines: There are 
many types of grinders designed 
for various purposes. 

Vertical rotary surface grind- 
ers, rugged and rigid, are used 
principally for preparing flat 
stock for subsequent fabricating 
operations. 

Reciprocating surface grinders, 
also used for flat stock, hold the 
work magnetically to the table 
while it is made smooth and par- 
allel after shaping and harden- 
ing. 

Jig grinders eliminaté make- 
shift methods of correcting holes 
after hardening. They do away 
with dowel gages and end blocks, 
because the hole location is ob- 
tained through accurate, hard- 
ened guide screws, and thus 


“BED” type of vertical mill 
with power feed duplicator 
(Cincinnati Milling) 


makes any additional corrections 
unnecessary. 

Cutter grinders: In precision 
milling, duplicating, or engraving 
work, cutters must be reground 
as often as 20 times per day to 
ensure accuracy. Cutter grinders, 
designed for such _ sharpening 
operations, are provided with 
graduated dials and highly accu- 
rate adjustments. 

A pedestal or bench grinder, 
consisting principally of a motor 
with a grinding wheel mounted 





on each end of its shaft, is re- 
quired equipment for sharpening 
small tools. 


Finishing 

Preparatory and finishing op- 
erations on molds are accom- 
plished with a variety of auxiliary 
bench equipment. Two of the 
most commonly used items in 
mold shops are filing machines 
and electric or air-operated hand 
grinders. The hand grinders use 
both abrasive “mounted wheels” 
and carbide cutters. The hand fin- 
ishing operations are done with 
“riffle” files, abrasive sticks, lap- 
ping sticks, bristle brushes, and 
felt bobs. These hand-polishing 
operations usually use abrasive 
powders, lapping compound, and 
diamond compound on hardened 
cavities to bring them to a high 
luster. 


Milling machines 

The piece of equipment that is 
most characteristic of a plastic 
mold making shop is the milling 
machine. The type most com- 
monly used, and often referred to 
as the “workhorse,” is the ver- 
tical milling machine. There are 
two basic types of vertical mills: 


the “knee-and-column” type and 
the “bed-type.” Each of these two 
basic types has its advantages. 

The relatively lighter machines 


are usually of the “knee-and- 
column” design. This type offers 
the convenience of a table that 


ROTARY HEAD s-vertical 
milling machine, with power 
feed on table and spindle. 
Mill is of the two-dimen- 
sional type (Photo, Kearney 
& Trecker) 
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can be raised or lowered. This 
feature enables a wider range of 
work piece height to be used. 
The “bed-type” has gained 
popularity in recent years due to 
its rigidity. This rigidity in the 
table of the machine has become 
more important due to the in- 
creased use of prehardened steels 
and the added forces required. 


Vertical milling 


In its simplest form, the verti- 
cal milling machine has a hand 
feed on the transverse, longitudi- 
nal, and vertical table movements 
as well as on the spindle move- 
ment. The larger and more pow- 
erful equipment invariably have 
power feeds on all table move- 
ments. The more modern types of 
milling equipment are becoming 
increasingly important to the 
mold shop. The later models of 
milling equipment are not only 
built sturdier and with greater 
precision, but they will do more 
complex jobs with greater ease 
and in less time than many of the 
older mills still in use today. 

The rotary-head-type vertical 
mill readily machines any profile 
that can be drawn with a com- 
bination of straight edge, compass, 
and protractor, and has power 
feed on the table and spindle. 


Duplicators 


For duplicating from a master 
of the proposed cavity, there is 
a variety of special equipment 
that can be attached to standard 
milling machines. These attach- 
ments are quite satisfactory but 
they usually require hand feed on 
the ‘table and spindle movements. 
Machines designed ,expressly for 
duplicating and having’ power 
feeds are also available. These 
machines are available with mul- 
tiple spindles’ as well as single 
spindle arrangements. In ma- 
chines incorporating the use of a 
horizontal spindle, chips fall clear 
of the cutter. 

Duplicators that have a “re- 
verse image” attachment, i.e., will 
cut either a right- or left-hand 
cavity from the same master, are 
available. They can also cut as 
many as four cavities simultane- 
ously from one master. 

Pantographs are a modified 
form of milling machine in which 
the tracer is guided manually 


AUTOMATIC DUPLICATOR 
with multiple spindles fea- 
turing “reverse image” at- 
tachment (Photo, Cosa Corp.) 


over a template, in the case of a 
two-dimensional machine, or over 
a master in the case of the three- 
dimensional types. The tracer is 
“linked” to the spindle by a panto- 
graphic linkage that enables the 
movement of the tracer to be ac- 
curately duplicated by the cutter. 
These machines can be set so that 
an enlarged master or model can 
be used with the tracer and a 
proportional reduction in cutter 
travel is obtained. This feature 
enables small details to be more 
truly reproduced in an enlarged 
template, thereby imparting 
closer adherence to detail in the 
finished cavity. 


Jig borers 


A jig borer is actually a com- 
bination drill press and vertical 
milling machine. It allows locating 
and spacing of holes with extreme 
accuracy and is used for laying 
out the cavities of the mold. 


Hobbing 


Hobbing is one of the best 
methods for insuring uniformity 
and economy in production of 
multiple-cavity molds and should 
be of great interest to all molders 
and mold-makers. Hobbing presses 
have increased in capacity from 
approximately 50 to 3000 tons anc 
even more. A hobbing press is 
basically a hydraulic press that i: 
more sturdily built than ordinar) 
presses because it has to delive 
more concentrated force. Be 
tween its two platens is place« 
the mold blank, on top of which i 
placed the hob. To support the 
soft mold blank and keep it from 
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spreading diametrically away 
from the hob while being formed, 
a hardened chase or hobbing ring 
is used. The ring is not necessar- 
ily round; it may be rectangular 
in shape. 

On one-push impressions, the 
amount and location of relief is 
important, but it is on those im- 
pressions requiring two or more 
squeezes that the hobber’s skill 
and experience, and the suitability 
of the hobbing press, really come 
into play. It takes only a few mis- 
guided seconds in a hydraulic 
press to ruin a hob on which 
many hours and many dollars 
have been spent. When hobbing 
is being considered it is wise to 
consult a good hobber before mak- 
ing either hobs or blanks. 


Pressure cast cavities 


A modification of the hobbing 
process is used to pressure-cast 
high-fidelity cavities from beryl- 
lium copper alloy. The combina- 
tion of strength, although not as 
high as steel, and thermal conduc- 
tivity make it an ideal alloy for 
mold cavities. Subsequent heat 
treatment can bring the hardness 
up to as high as 48 Rockwell C. 


Shaw process 


The Shaw process is a patented 
process, available from licensed 
firms having a licensing arrange- 
ment. This process involves pre- 
cision-casting of all _ castable 
metals, including steel, into cavi- 
ties and cores, hobs, and inserts. 
By so doing, costly machining or 
engraving operations are avoided. 

Castings up to 10 lb. have been 
most typical of production on 
present equipment, but larger 
ones have been made. Wall sec- 
tions as thin as %e in. can be 
readily provided. 

Cast steel cavities and cores 
are usually provided in the an- 
nealed condition (Rockwell C 
15/20). After subsequent ma- 
chining for ejector pin holes, etc., 
the usual procedure is to harden 
and polish the cavity to the speci- 
fied requirements. 


Electroformed cavities 


In one respect, electroforming 
resembles casting or hobbing, in 
that the metal is formed against 
another part. In electroforming, 
however, this “master” is not sub- 
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ject to stress or heat. The electro- 
forming operation takes place in 
a chemical bath at a temperature 
that is barely warm to the touch. 

The most preferred plastics ma- 
terials for making the master are 
the methacrylates and the ace- 
tates; however, other materials, 
including cast phenolics, nylon, 
styrene, molded phenolics, and 
ureas, can be used. Of the metals 


SINGLE SPINDLE duplicator 
with horizontal spindles. Mul- 
tiple-spindle arrangements 
are also available (Photo, 
Pratt & Whitney Corp.) 
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adaptable for masters, brass is 
preferred. 

The actual process for produc- 
ing electroformed cavities is as 
follows: The master is placed in 
a chemical bath and connected to 
an electric circuit. The plating 
metal, which is hard nickel, is 
dissolved in the fluid. When an 
electric current is passed through 
such a fluid, the dissolved metal 
is attracted to the cathode, or 
master. There it is deposited, 
molecule by molecule, covering 
every detail of the master. When 
this layer becomes about %2 in. 
thick, the original cathode is re- 
moved and we have the electro- 
formed part remaining. 

This layer of hard nickel has a 
hardness of 45 to 50 Rockwell C 
and has excellent elongation and 
tensile qualities. For reasons of 
time and economy, a _ sufficient 
mass of copper, with a hardness 
of 220 Brinell, is electroformed on 
top of the nickel layer. The thick- 
ness is such that the resultant mass 
can be machined to any geometric 
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shape for insertion of the cavity 
into the injection mold. 

Electroforming has been found 
particularly applicable for com- 
mercial production of deep narrow 
cavities, cavities with intricate de- 
tail or varied surface patterns, 
curved parting lines, and undercut 
sections. : 

This process has also found 
acceptance in the field of slush 
casting molds due to the high 
throwing power of the copper 
bath. This feature enables doll 
body molds to be actually thicker 
in the armpits and crotch than 
they are elsewhere. 


Electrical discharge machining 


This process uses a “master 
electrode,” which is a male copy 
of the cavity, to electrically “ma- 
chine” the steel cavity into the 
mold. The electrical discharge ma- 
chining process itself is relatively 
fast and automatic; however, 
prior to electrical machining, the 
electrode master must be manu- 
factured. Briefly, the electrode is 
produced as follows: 

The electrode material is first 
heated in a lead melting pot to 
a temperature of approximately 
750° F. It is then ladled into a 
master steel cavity, which has 
been previously heated to 350° F. 
by a_ thermostatically-controlled 
electric hot plate. The master steel 
cavity is set on a 75 ton press in a 
retaining enclosure and the molten 
electrode material is poured into 


PANTAGRAPH of the three- 
dimensional type. Small 
details are accurately repro- 
duced using enlarged tem- 
plate (Photo, Cosa Corp.) 


NT FOR MOLD MAKING 








Control 


Meit Pressure... 
Cut 


Extruder Rejects 


with Dynisco Pressure Transducers 


Quality improves. because precise 

control helps eliminate lumps, surging, frothing, voids, roughness, 
streaks and other variations in product caused by high, 

low or fluctuating pressures. 


Most Precise Control is provided 

with Dynisco pressure transducers. Accuracy and speed of response 
is inherently far above that of conventional gages—and 

is not damped through grease-filled adapters. No contamination 

or discoloration of melt from grease. 


Models Available for Wide Range 
of PressureS —Dynisco transducers withstand 

melt temperatures up to 750° F, are available for pressure 
measurement anywhere in the range of 0-10,000 psi. Electrical output 
is suitable for remote indication, recording or control. 

Linearity is held within 1 per cent. 


For more detailed information on cutting extruder rejects with controlled 
melt pressure, write to us at the address below. 


Lynisoo DYNISCO 


DIVISION OF AMERICAN BRAKE SHOE COMPANY 


42 CARLETON STREET, CAMBRIDGE 42, MASS. 
Designers and Manufacturers of strain gage instrumentation 





ee Me 
‘ ia dons js Wes 


molding, embossing, polishing, laminating... 


7 Pe ted 
ma *® 


—— 


~_ PLASTIC 


928 





R. D. Wood Hydraulic Presses are designed to meet the many 
exacting demands of modern plastic product manufacturing. 


Accurate and uniform heat-pressure distribution of R. D. Wood 
Presses provides high product uniformity under mass produc- 
tion conditions. Full production speeds and economies are 
assured by automatic and semi-automatic pressure controls, 
blow down, heating and cooling units; central and self-con- 
tained hydraulic systems; special platen arrangements and 
many other features. 


R. D. Wood Presses are available in a wide range of models and 
capacities for many production requirements. 


Before you buy, consult R. D. Wood Company. Write today 
for details of our full line of Hydraulic Presses and Equipment. 


R. D. WOOD COMPANY 


PUBLIC LEDGER BUILDING @ PHILADELPHIA 5, PENNSYLVANIA 


Representatives in Principal Cities 


Ri égéobsBQ 


Makers of Hydrauhe Presses and Valves Fire Hydrants 


Cast-iron Pipe Gate Vaives 


Gas Producers Accumulators 





the master cavity. A sustained 
pressure of approximately 500 p.si, 
is applied until the metal has solid. 
ified. Shrinkage is about 0.001 
in. /inch. 

The electrode is then machined 
for mounting into the electrical clis- 
charge machine. Prior to mounting 
it is rough-etched about 0.015-in, 
undersize and chrome-plated to 
within 0.005-in. of size with hard 
chrome. It is then finish-etched to 
about 0.006-in. undersize and re- 
chromed with an additional 0.004 
in. of hard chrome. 

After the electrode is completed, 
any number of cavities can be re- 
produced from it in the electrical 
discharge machine. From this point 
on, the electrical machining proc- 
ess is automatic; that is, the ma- 
chine will run to a specified depth 
and shut off. 

The electrodes can be used re- 
peatedly and can be rechromed if 
necessary. 


Chromium plating 

Chromium plating gives the plas- 
tics industry the advantages of 
harder surface, less sticking, elimi- 
nation of pitting caused by gases 
of reaction, reduction in breaking- 
in time, high finish of the molded 
parts, and better flow. 

Because of the plating charac- 
teristics of chromium, any defects 
in the mold surface are accent- 
uated. This fact should be given 
serious consideration when setting 
up polishing procedures to assure 
good moldings. 

Molds for such operations as 
vacuum forming, reinforced plas- 
tics molding, thermoplastic sheet 
forming, short-run pressure mold- 
ing, etc., where mold and strength 
durability requirements are low, 
can be produced by spraying mol- 
ten particles of metal onto a master 
until a durable shell of from % to 
%e in. has been built up. This is 
accomplished with a special spray 
gun designed to feed metal rod 
through a high temperature flame, 
then blow the molten metal parti- 
cles onto the pattern. 


Atomic hydrogen welding 
Sometimes it is necessary t 
build up mold parts by the addition 
of metal. A cutter may take out 
more metal than it should, or @ 
mold part may be worn or broken 
off in actual use. In order to save 
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this mold part, it has sometimes 
been found quite practical to weld 
in new metal with an atomic hy- 
drogen torch. 


Liquid honing 


To speed up polishing of mold 
cavity parts, they are generally 
abrasive-blasted to remove oxi- 
dation and discolorations which 
have been brought about by the 
annealing, hardening, or carburiz- 
ing operations. 

This “liquid honing” is a modified 
form of impact blasting in which 
an abrasive, suspended in a liquid, 
is delivered to the blasting nozzle 
by means of a circulating pump. 
The suspension, shot at the work 
by 90 p.s.i. air pressure, gives the 
surface of the mold a satin-matte 
finish. A short polishing operation 
later restores the desired luster to 
the mold surface. 


Hardening 


Practically all mold parts should 
be hardened before using. Equip- 
ment for this work should consist 
of at least one carburizing furnace, 
and a small furnace for odd jobs. 
All furnaces should be equipped 
with good instrumentation since it 
is important that the hardening 
process be under accurate control 
at all times. 


References 

“Repairing molds by electro- 
forming,” by W. J. B. Stokes II, 
MODERN PLASTICS 36, 121 (Dec. 
1958). 

“Cast mold cavities,” by I. Lu- 
balin, MODERN PLASTICS 35, 147 
(Oct. 1957). 

“When and how to hob,” by 
Islyn Thomas and Edmund Spitzig, 
MODERN PLASTICS 32, 117 (Feb. 
1955). 

“Solving big mold problems,” by 
Islyn Thomas, MODERN PLASTICS 
31, 189 (June 1954). 

“The Tru-Cast handbook,” by 
Manco Products, Inc., Melvindale, 
Mich 

“Electroformed cavities,” by 
W. J. B. Stokes II, D-M-E News 
(Apr. 1955), 

“Cavity type dies by the Elox 
method,” by Elox Corp. of Michi- 
gan 

“Injection molding of plastics,” 
by Islyn Thomas, 1957. New York, 
N.Y: Reinhold Publishing Corpo- 


AENT FOR MOLD MAKING 





cnec 
mJ 


at ee “eee 


. Pet 
.-R.D. WOOD 
oe! * aa ae x 3 f- 


a full line of hydraulic presses 
and equipment for modern plastic 


product manufacturing 


a. 1327-ton multiple-opening, duplex cylinder ype hydraulic 
platen press for the manufacture of molded brake lining and 
similar products. 

b. 880-ton multiple-opening platen press designed for polishing 
and laminating plastic sheets. The complete ten-opening sheet 
production unit includes a twenty-opening loading and unload- 
ing elevator. 

c. 500-ton multiple-opening platen press designed for embossing 
and polishing operations in the plastics industries. 


.. . heating platens in a wide range of sizes precision made for 
exacting work in the processing of all types of plastic products. 


...@ complete line of hydraulic 
valves especially designed for high 
pressure circuits. 

... hydraulic power systems de- 
signed and built in all types of 
direct pumping hydraulic power 
units and pressure storing accumu- 
lator systems. 


Write today for detailed informa- 
tion on R. D. Wood’s full line of 
Hydraulic Presses and Equipment. 


R. DBD. WOOD COMPANY 


PUBLIC LEDGER BUILDING @ PHILADELPHIA 5, PENNSYLVANIA 


Representatives in Principal Cities 





A low-cost, automatic molding sys- 
tem to produce high-quality expand- 
able polystyrene products is now 
‘available. This system is compact. It 
saves floor space, Yet, it combines all 
the equipment needed for high pro- 
duction moiding. Included is a 50-ton 
vertical press, hot-air pre-expander, 
. compact steam. generator, vacuum 
‘pump, and central control console. 
- And, because Expandex Corp. is also 
experienced in custom molding; the 
OEX-2 System has. been thoroughly 
tested In use. 
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COST. 


automatic 
moitding 


— SYSTEM 


WRITE FOR DETAILS AND PRICES 


BnrANDex CORPORATIONS 
Soete CORPORATION, 
Dept. 1C 
Tomas’ Connecticut 
(J Please-send details on EX-2 
System. 
( Please send folder on Custom 
Molding. 
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EQUIPMENT FOR 
COOLING WATER 
CONSERVATION’ 


The cooling operation in plastics 
processing—injection molding, ex- 
trusion, embossing, coating, vac- 
uum forming, etc.—is an important 
function that can increase pro- 
duction, improve quality, and re- 
sult in a reduction of rejects. 
There are several types of cooling 
units available, at least one of 
which is based on the use of re- 
circulating water to cut cooling 
water costs drastically. 

In a typical installation, the 
process water is reclaimed and 
recooled by being recirculated 
through an evaporative type 
cooler. The reclaimed water is 
pumped to the top of the unit 
where it flows by gravity over 
baffles. It is cooled by blowers 
which draw air through the baf- 
fle openings, and is then pumped 
back to the process equipment and 
recirculated. 

A unit of this type can be used 
where summer process tempera- 
tures of 85° F. are satisfactory. 
Where lower temperature cooling 
is required, in addition to the 
water savings effected by recir- 
culating units, the recirculating 
units can be used in series with 
a special refrigeration chilling 
unit that will lower the tempera- 
ture of the water from 85 to 40° F. 
before it is passed through the 
equipment to be cooled. 

Water used direct from a city 
supply and discharged to. the 
sewer is expensive; the over-all 
cost can be reduced greatly with 
recirculating units of this type; 
it is estimated that the units can 
save up to 95% of water consump- 
tion. Only a slight loss occurs 
due to evaporation, windage, and 
a small quantity of overflow to 
keep the water clean. 

It is also claimed that, as a 
temperature control device, the 
recirculating and chilling units 
can result in an increase of from 
10 to 30% in plant efficiency. One 
molder claims an increase in plant 
efficiency of 30% and an increase 
in cycles of 32% with the installa- 
tion of the recirculating units. 


"Based on data supplied by Mayer Refrigerat- 
ing Engineers, Inc., Lincoln Park, N. J. 
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( Vaterland ) 


HIGH 
EFFICIENCY 
MIXER 








* Heats and cools by high-speed mixing 


* Produces dry blends agglomerated soft 
or rigid P.V.C. suitable for extrusion or 
injection. 200 Ibs. per hour 


THIS HIGH-EFFICIENCY mixer utilizes a 
high speed, wear resistant, stainless steel 
mixing tool in a stainless steel, acid re- 
sistant, jacketed container. The rotor is di- 
rectly driven by a 2 speed, 8/30 h.p. mo- 
tor developing readily controlled frictional 
heat. 

Temperatures of 250°F. are achieved in 8 
minutes or 320 to 335°F. in approxi- 
mately 15 minutes. In those cases wheré 
longer cycles are required for dispersion 
but temperatures must remain relatively 
low, water is fed to the jacket to keep the 
mass cool. For example, temperatures car 
be controlled at approximately 120° t 
140°F. during a mixing cycle of 12 min 
utes. 


qi 
BARNETT J. DANSON & ASSOCIATES, LTD 
1912 Avenue Rd. Toronto RU 9-115 








For full information 
and complete specifications 
write today to 
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EQUIPMENT FOR MOLDING EXPANDABLE POLYSTYRENE 


By FRANK H. LAMBERT* 


Fully automated molding of ex- 
pandable polystyrene beads has 
been made possible through the 
development of equipment for 1) 
automatic and continuous expan- 
sion of raw beads, 2) automatic 
mold filling, and 3) completely 
automatic molding of the pre-ex- 
panded beads. 


Pre-expansion 


In the pre-expansion of ex- 
pandable polystyrene beads or 
pellets, the beads are heated to 
soften the material and allow the 
propellant to expand them to a 
bulk density equivalent to the 
final density desired in the fin- 
ished product. Note that it is the 
bulk density of a quantity of pre- 
expanded beads and not the den- 
sity of a single bead which will 
be equivalent to the density of the 
final foam. In fact, the density of 
the individual beads themselves 
will be slightly greater than the 
final foam density desired, since 
the interstices of air between the 
pre-expanded beads must be 
considered as part of the charge 
to the mold. 

Because the pre-expansion will 
control the final density of the 
product, the bulk density of the 
expanded beads must be con- 
trolled to within about 2 to 3%. 

The heat used for expansion is 
usually steam at 15 to 25 ps.ig. 
pressure. For uniform and repro- 
ducible bead expansion, it is es- 
sential that each bead be sub- 
jected to the same amount of heat 
for the same amount of time. 

Another critical factor in the 
production of uniformly expanded 
beads is the actual composition of 
the expandable polystyrene mate- 
ial itself. The volatile content, 
consisting of the propellant, ab- 

rbed moisture, or other mate- 

als, must be uniform. 

Also to be considered in the 

e-expansion of beads is the de- 

iapted from an article entitled “Foam mold- 
goes automatic,” which appeared in MOD- 

\ PLASTICS Magazine, February 1961. 

k was done on this article while Mr. Lam- 

was associated with Miller & Van Winkle 
Subsidiary-Roto American Corp., Sherman 
rosby Aves., Paterson 2, N.J. Mr. Lambert 
irrently Director of Research & Develop- 


nt, Champlain Zapata Plastics Machinery, 
146 Harrison Ave., Roseland, N.J. 


sired size of the expanded bead. 
In some molded articles, e.g., in- 
volving a thin wall section, a very 
small expanded bead may be nec- 
essary for proper mold fill. In 
these cases, the molder will have 
to determine the size of the ex- 
pandable pellet to be used con- 
sistent with the density of foam 
desired, or the amount of pre- 
expansion that should take place, 
and whether the expanded beads 
should be sifted to insure the 
proper size. 

In fully automated molding, the 
pre-expanded beads should be 
completely dry to insure free flow 
through automatic mold loading 
devices. Either hot air or steam 
is used for pre-expansion; when 
using steam, condensate must be 
removed after pre-expansion. If 
forced-air heating or drying is 
used, agitation of the pre-ex- 
panded beads by the air may build 
up static electrical charges which 
cause the beads to agglomerate or 


stick to feed chutes and conveyor 
ducts. It is, therefore, advisable to 
use some form of destaticization 
to neutralize the electrostatic 
charge prior to molding. 

As implied before, the absolute 
value of the bulk density of the 
expanded beads will be deter- 
mined by the amount and the time 
of exposure of the raw beads to 
heat or steam. 

Until recently, available pre- 
expanders could not maintain the 
bulk density of the expanded- 
beads closer than +4 oz./cuft. 
This is because early pre-expand- 
ers had no positive means for ex- 
posing each bead to the same 
amount of steam for the same 
amount of time. For automatic 
molding, an expander with a closer 
control of the bead bulk density 
was required. One type of pre- 
expander developed for this pur- 
pose consists of a large rotary 
drum containing pockets, similar 
to a water wheel, which are 


FIG. 1: Cross-section of a typical mold for expandable bead automatic 
foam molding. Also shown, attached to the right of the mold, is the 
device for automatically loading the pre-expanded beads into the cavity 
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DANLY 


IMAGINATION 


PIERCES | 
PRODUCTION we 
PROBLEM 


This Hydraulic Piercing and Turnover Unit, designed and built 
by Danly for a major automobile manufacturer, automatically pierces 
ornament mounting holes in hoods as they come off the forming press. 
And it handles 600 hoods per hour! Then it turns them over for the next 
operation. Versatile! Practical, too—because it eliminates the need of a 
press for piercing and a separate turnover unit. Typical of the Danly 
engineering that applies hydraulics and imagination to speed production 
and cut costs. 


Danly’s complete line of Hydraulic Platen Presses and hydrau- 
lie cylinders offers you the tools to solve virtually any compression 
molding, bonding, laminating, trimming, extruding or piercing problem 
in processing metal, plastics, or rubber. They’re precision units with 
accurately machined platen faces, positive parallel platen closure, uni- 
form pressure distribution and extra, rigid strength. And Danly’s 
versatile engineering adapts these tools to your specific needs. 


HYDRAULIC PRESS CATALOG 
shows all the features, sizes, adapta- 
tions—all the reasons why you should 
invest in a Danly. Write for your copy. 


PRECISION PRESSES. DIE SETS ANO DIEMAKERS SUPPLIES 


DAIN Loy 


DANLY MACHINE SPECIALTIES, INC., 2100 South Laramie Ave., Chicago 50, Ill. 







charged with a pre-determined 
weight of raw beads. The beads 
are then agitated under steam for 
an accurately controlled time de- 
termined by the drum speed. The 
shape of the bead pockets; the 
angle, number, and location of the 
pocket steam jets; the use of vac- 
uum to remove steam and mois- 
ture, along with hot air to sta- 
bilize the beads; and other 
mechanical details make the unit 
a fully-automatic, precision pre- 
expander. 

With this expander, the bulk 
density of the pre-expanded beads 
can be held within +% oz./cuft. 
over densities from %- to 10- 
Ib./cu. foot. 


Molds and filling devices 


After pre-expansion, the raw 
beads are ready for molding. Usu- 
ally the beads will be placed in 
an intermediate heated feed bin. 

Molds for polystyrene foam 
must be constructed as to allow 
for the injection of steam into the 
mold cavity for the final foam 
expansion. The mold must also 
have cooling facilities to harden 
the foam and a means of ejecting 
the part from the mold. In auto- 
matic molding, part ejection 
should be positive to insure part 
ejection prior to the next cycle. 
Also important in automatic oper- 
ation is the ability to load the 
mold automatically, usually in 
the closed or almost closed con- 
dition. 

The wall sections used in foam 
parts are considerably thicker 
than those found in injection- and 
compression-molded items. Thick- 
er sections are necessary because 
of the frangible nature of the 
foam and the difficulty of uni- 
formly filling very .thin sections. 
Also, whereas an injection mold 
is made of a solid metal block in 
which the cavities are cut, the 
expandable foam mold is usually 
hollow in construction. The hol- 
low construction is required to 
provide for the distribution of 
steam to the mold cavity proper 
during the weld or foam fusi 
portion of the cycle, and to allo 
for the circulation of a large vo! 
ume of water to cool the cavit 
after expansion of the foam. / 
typical mold for foam is shown 
Fig. 1, p. 931. 

With the exception of stainlss 
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steel, the use of non-ferrous ma- 
terials for foam molds is almost 
mandatory, because of the corro- 
sive nature of steam and water. 
Originally, molds were made of 
aluminum, but now the trend is 
to bronze or stainless steel. Wall 
thickness on the stainless molds 
runs from 60 to 70° mils and up. 
In bronze, a minimum of 250 mils 
is used because of the difficulty of 
casting thinner sections. For long 
production runs and to prevent 
sticking, bronze molds are often 
chrome-plated. 

To minimize cycles, the steam 
chamber is contoured according 
to the shape of the cavity. This is 
done so that each area of the mold 
cavity is exposed to the same 
amount or volume of steam and 
water to achieve more uniform 
and rapid heating and cooling of 
the material being molded. It also 
conserves steam and water. 

To automate foam molding, au- 
tomatic mold loading is required. 
The filling device is attached di- 
rectly to the mold. In principle, 
it resembles the ball-check noz- 
zie used in injection molding 
machines. It consists of a small 
air-operated cylinder in which a 
plunger acts as an on-off valve. 
When the plunger is in the mold- 
ing position, it is forward in the 
cylinder and the face of the 
plunger is flush with the face of 
the cavity, sealing off the feed 
tube leading to the mold. When 
the plunger is in its retracted 
mold-filling position, it allows 
material coming from a feed tube 
to pass through the cylinder and 
then into the mold cavity proper. 
The driving force sucking the 
beads from a feed bin and sending 
them into the cavity is dry com- 
pressed air. It must be dry air to 
prevent sticking of the beads to 
feed chutes and ducts. 

A pneumatic system for load- 
ing the mold is necessary because 
of the light weight and compressi- 
bility of the pre-expanded beads. 
A ram cannot be used to stuff the 
beads into the cavity since any 
excessive pressure would tend to 
collapse the beads and could lead 
to erratic part density and uni- 


trolled jet of air is intro- 
t an angle in the material 
e. This creates a vacuum 
the jet which sucks the 


Now... used, rebuilt or new ! 


COMPLETE PLANTS 

or SINGLE MACHINES 
BOUGHT ¢ SOLD © TRADED 
Send us your listings of available 
machines or required equipment. 
Save money on the purchase 

of GUARANTEED REBUILT 

and USED EQUIPMENT. 


Our Engineering Department 
can re-design used 
equipment for special 
applications and modernize 
older types to meet 

current needs. 


We offer not merely machinery, 
but experience, know-how and 
integrity. Please place our name on 
your mailing list and keep sending 
us your inquiries and offerings. 


HOCHMAN PLASTICS MACHINERY CORPORATION 


151-E Mulberry Street, Newark 2, N. J. Mitchell! 3-8430 
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“custom designed with your product in mind” 


Preheaters—27 MC to 100 MC ; 
Drawer and Hood Types Plastic Sealers— 
1 to 15 KW Standard Models or 
Specially Designed to 
Dielectric Conveyor Ovens of All 1“ y . 


Meet Your 
Types—2 to 100 KW Requirements. 


PREHEATING - SEALING - DRYING * CURING 
Reeve Electronics Inc. offers complete facilities for the design and manufacture of 
your standard or custom dielectric heating installation. 
At your service are Reevelec Sales Engineers, located in key cities throughout 
the United States. 
Frequencies: 13 MC to 2450 MC (M/CROWAVE) 
Power: 1/2 KW to 100 KW 


“single source, single a papagtas 4 
since 1945” 


REEVE ELECTRONICS, Ge) 


607 W. Lake Street * ~ ia 6, ill. * piiscaieen 6-9755 
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lf these color samples look the same, 
you need the COLOR-EYE® colorimeter 


..f0F 
precise 
color 
control 


The two samples look the same to many people . . . and they 
may to you. Actually, they’re quite different in their color 
composition. That's one reason why, for precise color control, 
Color-Eye can be your most important investment. 

In one instrument, IDL has combined a colorimeter with an 
abridged spectrophotometer. This unique combination of meas- 
urement techniques enables you to maintain precise color 
control, establish your own color standards and even conduct 
special analytical color research. 

Color-Eye gives you: 


* a fast, accurate comparison of production colors with color 
standards. 

* a means of controlling color quality on incoming raw materials. 

* the data from which color corrections can be made. . . manually or 
by computer. 


* a color memory — it “remembers” colors, prevents drift of stand- 
ards; minimizes the need for secondary color standards. 


Bulletin CE1160 describes Color-Eye in full detail. Write for 
your copy today. 
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INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Subsidiary of Royal McBee Corporation 


65 MECHANIC STREET, ATTLEBORO, MASS. 





pre-expanded beads from the feed 
bin up to the air jet. After pass. 
ing the jet, most of the air is bled 
out through slots on the filling 
device but enough air pressure 
remains to move the beads into 
the cavity. The balance of the air 
coming from the jet bleeds oyt 
through the mold which is cracked 
open a few thousandths of an inch 
during the filling cycle. When the 
mold is filled and resistance to 
further flow builds up, the air 
forces any excess beads back into 
the feed bin. 


Automatic molding 


In automatic presses, the over- 
all cycle is usually divided into 
the following six segments: 

1) Preheating the mold. 

2) Filling the mold. 

3) Foam expansion with steam. 

4) Time delay to allow the ex- 
panded foam to “set.” 

5) Full cooling with cold water. 

6) Ejection of the part. 

Preheating the mold: To mini- 
mize accumulation of an excessive 
amount of water in the foam 
(from the condensation of the 
steam used for expansion), the 
mold should be preheated. To 
save time, this is done as the mold 
is closing, using steam at pressures 
up to 70 p.s.i.g.; higher than those 
used for the actual expansion. 

Filling the mold: As soon as the 
preheat cycle is completed, filling 
begins. For fast and complete fill, 
the mold must be opened, or 
“cracked” a small amount, de- 
pending on the size of the pre- 
expanded bead and mold design. 
This gap allows the filling air to 
escape as the beads are blown 
into the mold, and must be pre- 
cisely controlled. To set the gap 
exactly, one machine closes the 
mold completely and then backs 
it off the required amount. Other 
systems are also in use. When the 
cavity is full, a sensing or timing 
device actuates the next part of 
the cycle. 

Foam expansion: When filled, 
the mold is ready for the foam 
expansion. The mold drains are 
closed and steam is admitted to 
the mold’s steam chests and 
thence into the bead-filled cavity 
through small holes distributed 
about the cavity wall. 

The weld cycle is divided into 
two parts. The first part takes 
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place with the mold cracked open 
(as in filling). This is done to 
allow the escape of any residual 
moisture and to promote welding 
of the pre-expanded beads at the 
parting line by the action of the 
escaping steam. The molds are 
then clamped shut and the full 
steam pressure is applied to the 
cavity, to complete the expansion. 
The duration of steaming will de- 
pend on the wall thickness and 
design of the part. 

Time delay: If cold water is ap- 
plied to the molding too quickly 
after the expansion is complete 
and the steam is shut off, thermal 
shock may cause partial collapse 
of the foam. To prevent this, a 
delay is provided after the weld 
cycle to allow the foam to com- 
pletely expand against the cavity 
walls under the reduced steam 
pressure which has fallen to about 
one atmosphere. The length of the 


ADJUSTABLE SPEED DRIVES 


In modern plastics processing, ad- 
justable speed drives are fre- 
quently required to provide for 
control of preduct quality, opti- 
mum production efficiencies, and 
flexibility in usage of production 
A wide variety of 
types of adjustable speed drives 
are available; they vary widely in 
cost, and also differ greatly in 
performance. 

A number of factors must be 
considered in the selection of the 
best type of drive for any given 
application. Torque and required 
speed characteristics, drive reli- 
ability desired, ambient condi- 
tions, production rates, availabil- 
ity, cost, and 


machinery. 


user-preferences, 
are some of them. Consideration 
of these factors and comparison 
of characteristics, 
disadvantages, and 
relative costs will usually narrow 
the selection to one or two types 
a specific application. 
Commonly-used adjust- 
able speed drives can be broadly 
regated into three categories: 
‘thanical, eddy current cou- 
ng, and adjustable voltage. 
veral other types are available, 


performance 
advantages, 


es Manager, Process Industries for Speed 
ator and Packaged Equipment Sales, Direct 


rent Motor and Generator Dept., 
Co., Erie, Pa. 


General 
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delay is anywhere from 1 to 10 
sec. and wi!l vary with the char- 
acteristics and density of the 
foam. 

Cooling cycle: To prevent dis- 
tortion of the part through fur- 
ther expansion after it is removed 
from the mold, its surfaces must 
be cooled well below the expan- 
sion temperature and sufficient 
heat must be removed from the 
center sections of the molding to 
prevent residual internal expan- 
sion pressures from bulging or 
cracking the cooler outer walls of 
the part. Various methods are 
used to cope with the cooling 
problem; both water sprays with- 
in the steam chest and flood tech- 
niques are used. 

In some cases a vacuum of 
about 25 in. Hg. is used to aid the 
cooling process. This is particu- 
larly done with molds designed to 
produce high-gloss areas. 


but are limited in application and 
the three general types referred 
to will serve the majority of re- 
quirements in the plastics proc- 
essing industry. 


Drive applications 


Principal applications for ad- 
justable speed drives in the plas- 
tics industry are found in extru- 
sion and web processing. 

Any of the three types of drives 
can be used to power extruders, 
the choice depending upon horse- 
power requirements, speed range, 
and the degree of control re- 
quired. Mechanical drives may be 
used for the simpler extruder ap- 
plications in ratings of approxi- 
mately 25 hp. and below. Electri- 
cal drives, such as the eddy 
current coupling or the adjustable 
voltage types, are more versatile 
and can be used for any extruder 
application, either simple or com- 
plex, and at all horsepower rat- 
ings. In all cases, the manufac- 
turers of the processing equip- 
ment and the drive should be 
consulted to insure that the 
proper drive will be selected to 
fulfil the requirements of the 
processing machine. 

Typical web processing appli- 
cations include coating, laminat- 


Ejection: After cooling, the press 
opens and the part is ejected. 
This is done by using either air 
jets which blow the piece out of 
the mold or by a pneumatically 
or mechanically operated set of 
ejector pins or bars. The ejection 
system is usually actuated by the 
movement of the opening platens 
of the machine. 

For a fully automatic system, 
the positive system of ejector pins 
is preferred, although the con- 
struction of molds for this method 
is more expensive. The positive 
system is desirable to insure that 
parts are definitely out of the 
mold area between the platens be- 
fore the next cycle starts. In ad- 
dition, molds are mounted verti- 
cally on platens moving horizon- 
tally, allowing the moldings to fall 
clear after ejection. A conveyor 
belt under the press carries the 
parts away. 


By J. C. WYCHE* 


ing, embossing, printing, slitting, 
and winding. Electrical drives are 
generally used, since these appli- 
cations frequently require “track- 
ing” of two or more drive units 
over the speed range. 


Mechanical drives 


The least expensive adjustable 
speed drive is the mechanical 
type. It consists of a squirrel cage 
induction motor coupled to a belt 
transmission unit consisting of 
two adjustable-pitch pulleys, one 
mounted on the driven shaft and 
one on the driving shaft. Speed 
adjustment is accomplished by 
mechanically sliding the pulley 
halves along a splined shaft. This 
permits the belt to ride closer to, 
or farther from, the center of the 
pulley, thus changing the effective 
pitch diameter of the pulleys. The 
standard adjustment device is a 
hand wheel mounted on the 
transmission unit; pneumatic, me- 
chanical, and electrical adjust- 
ments are available for remote 
speed control. The transmission 
unit only, without motor, can be 
purchased separately if desired. 

Mechanical drives are available 
with speed ranges of up to 10:1 
at 1 hp., with maximum speed 
range decreasing as horsepower 
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rating increases. For example, at 
25 hp. the maximum speed range 
available is 6:1 and at 50 hp. the 
available range is 3:1. 

Advantages of the mechanical 
drive are low initial cost, low 
drive losses over the speed range, 
simple control, and easy mainte. 
nance. Disadvantages are limited 
speed range, “hard” start as com- 
pared with electrical adjustable 
speed drives, and somewhat lim- 
ited control functions. Where this 
type of drive will adequately 
serve the driven machine require. 
ments, its low price, simplicity, 
and reliability make it a logical 
choice. 


Eddy current coupling drives 


The eddy current coupling 
drive offers greater flexibility, 
wider speed ranges, and easier 
adaptation to more sophisticated 
control systems than does the 
mechanical drive. The drive unit 
consists of an AC motor con- 
nected to an eddy current cou- 
pling. The AC motor drives a 
drum in which eddy currents are 
induced. Excitation of the cou- 
pling is supplied by a DC coil, or 
core. The output shaft of the 
coupling is connected to a pole 
structure which rotates between 
the stationary coil and the drum. 
As the coil excitation is increased, 
the speed of the pole structure 
(coupling output speed) increases. 

The eddy current coupling is 
essentially a torque transmitter. 
That is, the torque output from 
the AC motor is essentially the 
same as the torque output from 
the coupling, regardless of the 
output speed. Thus, at one-half 
rated output speed, the horse- 
power output from the coupling 
shaft is approximately one-half 
the horsepower output from the 
AC motor. The difference im 
horsepower is dissipated as heat 
in the drum of the coupling 

Eddy current couplings are 
available in air-cooled and liquid- 
cooled designs. Since a large per- 
centage of the input horsepower 
must be dissipated as heat when 
operating at low output speeds, 
adequate drum cooling is impor- 
tant. Air-cooled designs up t 
100 hp. are available, although 
speed range is limited at this 
power rating. 

Speed ranges of up to 17 
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ADJUSTABLE SPEED DRIVES 


available in both air-cooled and 
water-cooled designs. In ratings 
above 20 hp., the speed range of 
air-cooled couplings is typically 
less than 17:1. The speed in these 
larger ratings can be controlled 
over the 17:1 speed range, but 
minimum output speed at rated 
output torque is limited by the 
heat dissipating capacity of the 
drum. Thus, at lower than rated 
output torque, the lower limit of 
the speed range can be extended. 
Liquid-cooled couplings can op- 
erate over very wide speed ranges 
at all horsepower ratings because 
of the greater heat transfer ef- 
ficiency of the liquid coolant sys- 
tem. Specific speed range for any 
given eddy current coupling rat- 
ing should be checked with the 
coupling manufacturer. In gen- 
eral, air-cooled couplings are 
preferable for applications which 
fall within their speed range and 
horsepower ratings. The exception 
would be where foreign material 
in the ambient cooling air is of 
such density and size that it 
would cause clogging; small dust 
particles will’ usually go on 
through the machine with the air 
stream. 

Advantages of the eddy current 
coupling type drive are flexibility 
and ease of control, simplicity, 
low maintenance, and reliability. 
Disadvantages would include high 
power losses at the lower speed 
ranges, and less dynamic response 
as compared with adjustable volt- 
age DC drives. 


Adjustable voltage drives 


Adjustable voltage DC drives 
offer the greatest flexibility and 
sophistication in control, the wid- 
est speed ranges, and the fastest 
dynamic response of any of the 
adjustable speed drives discussed. 
They are available both as pack- 
aged and non-packaged drives. 
The complete drive consists of the 
power unit, the DC driving mo- 
tor(s), and an operator’s control 
station, or console. Several types 
of AC to DC conversion units are 
available. 

Historically, the most common 
method of converting AC power 
to adjustable DC voltage has been 
through the use of motor-genera- 
tor sets, with an AC motor driv- 
ing the DC generator. The motor- 
generator set is simple, reliable, 
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and easily understood by most in. 
dustrial maintenance electricians, 
It provides excellent speed or 
torque and tension control over 
wide speed ranges, even down to 
zero speed for special applications, 
It is generally recommended for 
applications which require regen- 
erative braking or rapid revers- 
ing of the DC motor. Packaged 
motor-generator set drives are 
available in ratings up to 1000 
horsepower. Non-packaged mo- 
tor-generator set-type drives are 
available up to several thousand 
horsepower. 

Other types of AC to DC con- 
verters used for adjustable volt- 
age DC drives provide for recti- 
fication either by means of elec- 
tronic tubes or semi-conductor 
rectifying elements. 

Electronic tube rectifier types 
of adjustable voltage drives are 
available in ratings up to 10 hp. 
using gas-filled tubes to rectify 
and to control the value of the 
output DC voltage, which is con- 
trolled by varying the voltage ap- 
plied to the grid of the electronic 
tube. Electronic tube drives in 
ratings up to 1000 hp. or more 
using ignitron tubes for convert- 
ing AC to DC power are also 
available. These drives offer the 
advantage of fast drive response 
and ease of control. They are also 
lighter in weight and smaller in 
size than motor-generator set 
drives of comparable rating. 

A third type of adjustable volt- 
age DC drive, available since 
about 1957, and which has gained 
rapidly in popularity, utilizes a 
power magnetic amplifier to con- 
vert AC and control the DC 
output voltage. The converter 
components basically consist of 
saturable reactors in series with 
silicon rectifiers. The saturable 
reactors control the value of AC 
voltage applied to the rectifiers 
and hence the value of the output 
DC voltage from the rectifiers. 
This type of drive is available in 
ratings up to several hundred 
horsepower. It offers the advan- 
tages of fast response, light 
weight, small size, and low main- 
tenance. It is recommended for 
almost any adjustable voltage 
DC drive application except 
where regenerative braking oF 
rapid reversing of the DC motor 
is required. 
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EQUIPMENT FOR 
LOADING 
AND DRYING 


By R. THORESON* 


The problem of getting material 
from the warehouse to injection 
molding machines by an eco- 
nomical method will always be 
somewhat of a problem for in- 
jection molders. Unless the in- 
jection molder can set up for 
extremely long runs of the same 
kinds of materials, he is rather 
limited in his consideration of 
expensive automatic handling 
equipment. His choice is almost 
limited to trucking the bags or 
drums to the molding area. 

Automatic pneumatic convey- 
ing of materials is, of course, not 
new but, as mentioned above, its 
use has been rather limited. 
Pneumatic systems are efficient 
and can handle large quantities 
of materials quickly. Cleaning, 
of course, can be a tremendous 
problem and there is always the 
possibility of plugging and clog- 
ging which could be disastrous 
in a highly integrated production 
set-up. Alternate methods of 
temporary feeding must be pro- 
vided to take care of such an 
emergency. A system of screw 
loading could probably be 
worked out, but again, for an 
injection molder this system will 
prove expensive and the ques- 
tion of practicality would still be 
there. 

For the average injection 
molder, a well-planned method 
of handling drums and bags by 
means of a trucking system is 
probably the most practical. It 
has the advantage of being very 
flexible, simple, and the least ex- 
pensive 


Drying equipment 

The need for drying material 
in injection molding depends on 
the material. Hygroscopic mate- 
tials tend to absorb moisture and 
if allowed to do so become a 
Problem; a long period of drying 
might be required to remove the 
accumulated moisture. Proper 
handliz g of hygroscopic mate- 
*Thores McCosh, Inc., Detroit, Mich. 
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rials can help considerably to 
alleviate the difficulties. Ovens 
and hopper-dryers are the most 
popular equipment for drying of 
plastic materials. Ovens are gen- 
erally used where large batches 
requiring a long drying period 
are necessary. Hopper-dryers 
are more flexible and eliminate 
rehandling of the material and, 
of course, require less floor 
space. 

A great deal has been said 
about dehumidification end the 
drying of the air used on both 
ovens and hopper-dryers when 
handling extremely hygroscopic 
materials. This introduces an- 
other complication and its need 
should be evaluated carefully. 
Many molders are today suc- 
cessfully running hygroscopic 
materials without using air de- 
humidifiers with their drying 
equipment. 

Since it may be needed, how- 
ever, the oven or hopper-dryer 
being considered should there- 
fore be designed so that de- 
humidification equipment can be 
added later. A simple compressor 
type of dehumidifier will, in 
practically all cases, provide air 
dry enough to use in most in- 
jection molding jobs (eg., ny- 
lon). For the few jobs requiring 
dryer air, a chemical type of de- 
humidifier must be used which 
entails a fairly complicated in- 
stallation. Unless air dehumidi- 
fication is absolutely required, it 
should be avoided as an unnec- 
essary complication and expense. 

With non-hygroscopic mate- 
rials which are easy to dry, the 
introduction of heated air will 
insure driving off any surface 
moisture. When hopper-dryers 
are used, the temperature of the 
feed can be thermostatically con- 
trolled and is essentially constant, 
eliminating a variable and facili- 
tating control of the injection cyl- 
inder temperature and lowering 
the heater band input require- 
ment. Preheated material then 
always enters the injection cham- 
ber at a preset temperature, re- 
gardless of variation in room or 
storage temperature. 


Vacuum hoppers 


Vacuum hoppers have been de- 
signed but as yet have not been 
evaluated for injection machines. 
Some evaluation has been made 
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on extruders, with excellent re- 
sults. Vacuum hoppers on extrud- 
ers are not only used for drying 
and preheating, but also to re- 
move occluded air in the material 
feed. It is not known whether 
vacuum hoppers would result in 
any benefits when used on injec- 
tion machines. However, the idea 
is being explored in the injection 
molding field and if it shows 
promise in this field, will be of- 
fered to the injection molder. 


Loading material 


The loading of material at the 
machine can be done in several 
different ways. The original 
method was getting up on a plat- 
form or ladder with a bag or 
scoop of material; however, this 
has been largely abandoned. 
Pneumatic loaders using shop air 
are in general use. Their initial 
cost is low and they can handle 
most granular plastic materials. 
They are designed to load such 
material directly from a drum or 
other container, lift and convey 
the material to the hopper, and 
discharge it at that point, auto- 
matically shutting off when the 
hopper is full. A disadvantage lies 
in the use of dirty shop air with 
the possibility of contaminating 
the material with the dirt from 
the shop air lines. Their use, of 
course, requires an adequate air 
supply and the added cost of a 
compressed-air generator. 

Screw loaders are also on the 
market and have an advantage 
over pneumatic loaders in that 
they do not use compressed air 
and also can handle fine powders. 
The material, of course, has to be 
loaded into a bin from which it is 
fed into the machine hopper. 

Self-contained motor driven 
pneumatic loaders are also avail- 
able and operate from a small, 
low-pressure air blower. These 
can be combined with thermostat- 
ically controlled heating units and 
result in a combination loader 
and dryer. This type of loader has 
a bin from which the material is 
conveyed up into the machine 
hopper and is entirely automatic 
in its feeding. It has the advantage 
of being entirely self-contained 
and is not dependent on a shop 
compressed-air line. A completely 
self-contained combination dryer 
and loader unit has great flexi- 





STRIKE 


BACK AT STATIC! 


Your static problems end with the 


Simco “Midget”. . . safely . . . in- 
expensively. This electronic static 
eliminator is unconditionally guar- 
anteed in all plastics operations. 
Static bars will neutralize plastic 
pieces and webs. Anti-static dusting 
guns and nozzles will both clean and 
neutralize all plastic parts. Aerostat 
blower static eliminators will neu- 
tralize large odd shapes. The Simco 
Electrostatic Locator will find and 
measure static. 


America’s Largest Manufacturer 
Specializing in 
Anti-Static Equipment 


the SIMCEO company 


920) Walnut Street, Lansdale, | 











Glas-Mate 


SPRAY-UP SYSTEMS 
FOR FIBERGLASSING 


CUT LABOR 
COSTS AS 66% 
MUCH AS 

OVER CONVENTIONAL 


LAY-UP METHODS. 


The man in the 

photograph is 

using the 

Glas-Mate® 

spray gun to 

. make a fiber- 

glass chair. 

It is that 

simple. Any 

model, mock-up 

or object, regardless 

of its size or shape, can be produced 

in strong, reinforced plastic with the 

Glas-Mate® system ... and cured 
at room temperature. 


This exciting, efficient spray-up 
method shoots polyester or epoxy 
plastic and chopped fiberglass rov- 
ing. Separate fluid feed lines pre- 
vent premature setting up and resin 
waste because the catalyzed and 
promoted resins are never mixed 
until actually deposited on the mold 
surface. This system eliminates 
costly compression molds and time- 
consuming hand lay-up and bag 
molding methods. Results in savings 
of as much as 66% in labor costs, 
and reduces materials costs as much 
as 33% over conventional methods. 


This gun is ideal for manufacturers 
of boats, toys, swimming pools, stor- 
age tanks, auto bodies, house trailers, 
tool and die jigs, displays and ex- 
hibits. You owe it to your company 
to witness a “no obligation” dem- 
onstration of this efficient system 
before deciding upon any other prin- 
ciple or system of applying rein- 
forced plastics. Write for details. 


Manufacturers of: 
“Glas-Mate”’ 

Spray-Up Systems 
‘‘Micro-Mate”’ 

Urethane Foam Systems 
“Hot-Shot”’ 

Gel Coat Systems 


616-820 N.W. 8TH AVENUE 
FORT LAUDERDALE, FLORIDA 





bility and should prove to be very 
popular in the injection molding 
field. The idea has considerable 
merit because it combines two 
operations, drying and heating, 
with loading. 

At all times, the basic functions 
of loading, drying, and heating in 
the average injection molding 
shop should be kept carefully in 
mind. Except in cases where ex- 
tremely long runs can be made 
without material change, use of 
automatic equipment is limited. In 
general, the equipment to consider 
must be flexible, versatile, and 
simple . . . and as foolproof as 
possible. 

The manufacturers of loading 
and drying equipment can usually 
come up with suitable equipment 
to solve any individual problem 
after a study of any particular sit- 
uation, and should be consulted 
for their recommendations and 
advice before any major buying 
decisions are made. 


EQUIPMENT 
FOR PREFORMING 
THERMOSETS 


Equipment for preforming is 
divided into two general classi- 
fications. One is the type used by 
a compression or transfer molder 
for producing dense pills or pre- 
forms from powdered or granu- 
lated molding material, or from 
impregnated chopped § fabric 
thermosetting compounds. The 
second classification is used only 
by the molder of reinforced plas- 
tics, and its function is to produce 
a preform of chopped glass fibers 
in the approximate shape of the 
desired end product. 

This article will treat with the 
first type of equipment. 


Types of presses 


There are two methods of clas- 
sifying preform presses. One dis- 
tinction is on the basis of single- 
stroke or rotary design, the other 
on the basis of mechanical or 
hydraulic operation. All types 
have variable-speed drives and 
means for adjusting the weight 
and density of the preforms. 

In general, in the standard au- 
tomatic, mechanical single-stroke 
press, a volumetrically deter- 
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mined charge is fed into a sta- 
tionary die cavity by a recipro- 
eating or oscillating feed shoe. 
The hydraulic single-stroke press, 
on the other hand, is semi-~uto- 
matic and the operator loac: a 
measured charge into the die be- 
fore the start of each cycle. 

Single-stroke presses are avail- 
able in capacities of up to 200 
tons; the largest size is capable 
of making preforms 28 sq. in. in 
area and weighing as much as 
2% Ib. each at a speed of 45 to 
50 per minute. A 75-ton press has 
satisfactorily produced %-in. di- 
ameter preforms at the rate of 
10,000 per min. when a 160-cavity 
die is being used. 

The single-stroke presses are 
particularly well-suited to the 
needs of molders who have a 
wide variety of preform require- 
ments, because both large and 
small preforms of various con- 
tours can be made with equal 
facility on the same machine, and 
because die changes can be ac- 
complished with a minimum of 
downtime. 


Rotary presses 


Rotary presses employ a num- 
ber of die sets, mounted on rotat- 
ing members. Ejection of the 
preforms is accomplished by cam 
actuation of the lower punches. 

As in the case of single-stroke 
presses, charges for the rotary 
presses are volumetrically deter- 
mined. However, in rotary presses, 
the dies do not remain stationary 
for filling as they do on single- 
stroke presses. Instead, the cavity 
is filled by moving it underneath 
a stationary material feeder. 

Even with single-cavity die 
sets, production on. a rotary is 
fairly high. In a single revolution 
of the die table, one or two pills 
are produced per die set, and 
there may be as many as 33 of 
these die sets located on one large 
die table. 

Rotary presses are available in 
capacities up to 100 tons. The 
largest machine is capable of 
making 60 six-in.-sq. preforms 
per minute. Special presses de- 
signe to accommodate multiple- 
cavity die sets have turned out as 

as 4000 preforms per 

Molders find the rotary 
type press to be economical for 
long »roduction runs. 
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New Impact Mill 


SIMPLIFIES RESIN— PIGMENT HOMOGENIZATION 


A newly designed impact mill for pro- 
cessing resin-pigment compounds in 
one step through mechanical action 
only, provides these advantages: 


f > No auxiliary heat or pressure equip- 
ment needed 


> Conversion for color change in 20 
minutes 


> Simplified process speeds produc- 
tion—reduces investment and oper- 
ating costs 


Write or phone for full information, 


literature and 


FREE LABORATORY SERVICE 


ENTOLETER INC. 


SUBSIDIARY OF- AMERICAN 


e ¥ 


MANUFACTURING CO IN< 








designed for TO UG | 


PLASTICS REGRANULATION JOBS 


ROTARY KNIFE 


PLASTIC GRANULATOR 


Capacities to 450 Lbs./Hour 


> Uniform Granulation of Plastic Scrap 


> Efficient, Once-Through Operation 


WRITE for your copy of 
“Grinding Plastic Scrap Profitably.” 


4 


The clean, shearing action of the 
adjustable rotury cutter blades 
assure fast, single-operation reduc- 
tion, constant uniformity, regard- 
less of size, kind or shape of plastic. 
Wide hopper accommodates larger 
plastic forms without preliminary 
reduction. Heavy plate construction 
and fine tool steel knives give 
long-life service under tough, 
constant usage. 


PULVERIZER COMPANY 


1137 Macklind Avenue, 
St. Lovis, Missouri 


943 











EQUIPMENT FOR FABRICATING URETHANE FOAMS 


Few products have reached, in 
such a short period of time, 
the acceptance that polyurethane 
foams now enjoy. Producers of 
this material, the basic chemical 
suppliers, and certainly the equip- 
ment manufacturers have had to 
learn quickly a great deal about 
the techniques for processing and 
fabricating this new flexible ma- 
terial. 

New equipment and methods 
for fabricating urethane foam 
more efficiently are being discov- 
ered daily. Manufacturers of fab- 
ricating equipment are putting 
forth great efforts to design and 
develop methods of shaping the 
material most efficiently and eco- 
nomically. 

Basically, the production of 
slab stock from which the foam 
products will be fabricated begins 
with the pouring of the chemical 
ingredients onto a moving con- 
veyor which has vertical side 
guides that contain the urethane 
foam as it starts to rise during 
the chemical reaction. This con- 
veyor is usually quite long and 
continues to transport the mate- 
rial very slowly during the gel 
time. After the material has 
reached a point on the conveyor 
where it is a stable product, it 
looks much like a giant loaf of 
bread. The large blocks measure 
some 20 in. thick by 80 in. wide 
and are, at this point, of variable 
length, depending on various fac- 
tors of equipment operation. 

It is usually desirable to cut 
the material at a predetermined 
length which can be further fab- 
ricated into products which are a 
multiple of this length. This can 
be done by an automatic cut-off 
saw which electrically measures 
the length of foam passing under 
it: cutting blade. When the pre- 
cise length is measured, the saw 
blade travels vertically through 
the block and the entire mech- 
anism travels at a synchronized 
speed with the foaming machine 
conveyor. At the completion of 
the cut, the saw rises to its nor- 
mal start position and returns on 
its carriage to the original start 
cycle position. Block lengths can 


*The Falls Engineering & 


Machine Co., 
Cuyahoga Falls, Ohio 
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be varied from one cut to the 
next by changing the reading of 
the measuring device; lengths 
from 4 to 40 ft. can be processed 
satisfactorily. 

After an aging cycle, the ma- 
terial is shipped to a fabricator 
or is fabricated within the ure- 
thane producer’s plant. 


Preparing foam stock 


The material in its raw slab 
form has a top surface which is 
not uniform and the sides and 
bottom of the block have a rea- 
sonably heavy skin which, in most 
applications, must be removed be- 
fore a salable product can be fab- 
ricated. If long blocks of urethane 
are being fabricated, they are 
usually placed on a conveyor belt 
which feeds the material at 
speeds of at least 40 f£.p.m. between 
vertical side trimmers, which are 
basically pairs of band saws, each 
mounted on its own carriage so 
that it can travel in and out of 
cutting position on a common 
track. Screw locks are provided 
to position each saw, depending 
upon the width of foam being fab- 
ricated. 

If the end product forms hap- 
pen to be unfabricated blocks and 
are, for example, to be used for 
furniture cushions, it would be 
desirable to foam the material to 
a width which would be a mul- 
tiple of the finished product and 
yet within the limitations of the 
foaming equipment. In such a 
case, additional vertical saws 
could be installed on the fabrica- 
tion line to slit the blocks into 
various widths during the same 
cutting cycle in which the side 
trimming is being done. By side 
trimming and slitting, un.form 
width blocks can be produced 
most economically. 

Narrow sections of idler con- 
veyor, easily removed and in- 
stalled, are necessary between the 
feed-in and take-away conveyors. 
Special blade guides are required 
to keep the material from con- 
tacting only the leading edge of 
the knife; blade sharpeners are 
desirable on these saws to offset 
the dulling action caused by the 
top skin on the block of foam. 

The ribbons of foam then con- 


By DAVID WRIGHT® 


tinue on to the conveyor of the 
leveling and splitting machine. 
This machine is essentially a hori- 
zontal band saw which is raised 
and lowered mechanically in re- 
lation to the permanent height of 
the machine’s conveyor belt. 

If the block of urethane foam 
proceeding toward the cutting 
blade is 22 in. high and the knife 
is positioned 20 in. above the con- 
veyor, a 2-in.-thick slab of ure- 
thane will be removed from the 
block. On the first cut, the thick- 
ness being removed will be ir- 
regular due to the unevenness of 
the foam block. This “top trim” 
cut, as it is called, can be made 
during the same cutting cycle as 
the side trimming and slitting op- 
eration. 

A take-away conveyor can be 
provided to carry the “top trim” 
slab away, or to wind it into roll 
form. This combination take-away 
conveyor and windup station is 
likewise used to roll material for 
storage, for further handling to 
other phases of fabrication, or for 
shipment to the fabricators. Cuts 
as thin as Me in. and as thick as 
6 in. can be made on this type of 
splitting machine. Most units are 
furnished with automatic indexing 
mechanisms to set the thickness 
of cut each time the machine 
makes a cutting cycle. The block 
is reversed for each succeeding 
cut. The side trimmers and slit- 
ting saws are rolled out of posi- 
tion once the block has been side 
trimmed and slit. 

To further process the ribbons 
of foam which now, for example, 
would be 4 in. thick by 22 in. wide 
by 3 ft. long, would require cut- 
ting the ribbons into various 
lengths from the 3-ft. dimension. 
These ribbons have been split 
from the top of the block and 
have been conveyed up the take- 
away conveyor of the horizontal 
splitter and now must be returned 
to normal conveyor height. This 
is done by the use of gravity con- 
veyors placed on an incline. 

The ribbons of foam at this 
point can be picked up by an- 
other conveyor and fed to a sta- 
tionary cut-off saw. The length 
measurement can be made by an 
adjustable stop against which th« 
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material is indexed, or indexing 
can be done automatically by a 
feeding mechanism. 

An optional layout for this type 
of line is to first horizontally split 
to thickness, then further fabri- 
cate the block into cushions, by 
placing the side trimmers, slitters, 
and cut-off saw at the output end 
of the conveyorized slab cutter. 

Still another approach is to 
set up two separate lines. One 
line consists of side trimmers and 
the horizontal leveler and splitter. 
The advantage of this method is 
that splitting can be accomplished 
at speeds of 100 f.p.m., whereas the 
other set-up is limited by the 
productive rate of the stationary 
cut-off saw which, in turn, is 
regulated by the size requirement 
of the piece to be cut off. 

The second line would consist 
of the side trimmers, slitters, au- 
tomatic feeding mechanism, and 
stationary cut-off saw. This gives 
the splitting equipment the flexi- 
bility of continuing to produce 
other required material such as 
trimming blocks, splitting roll 
stock for die cutting, or splitting 
sheet stock for other fabricating 
requirements. 


Fabricating foam stock 


Most urethane producers prefer 
to sell either trimmed or un- 
trimmed blocks (leveled top and 
bottom and sides) directly to dis- 
tributors or fabricators. 

This, then, makes it necessary 
for the fabricator to purchase 
equipment which will cut and 
shape the material to his custom- 
er’s requirements. This has put a 
demand on fabricating machinery 
manufacturers to produce equip- 
ment with a reasonable output at 
a relatively low cost. 

Splitting: For the purpose of 
splitting blocks into various 
thicknesses, table-type leveling 
and splitting machines are avail- 
able. One machine of this type 
has a horizontally movable table 
84 in. wide by 110 in. long. The 
table is manually rolled back and 
forth under the horizontal cut- 
ting head. Equipment of this type 
has been designed so that auto- 
matic indexing, power driven 
table, and blade sharpeners can 
be added to the machine as the 
owner: plant requirements grow. 

ne like this will handle 


EQUIPA ’ FOR FABRICATING URETHANE FOAM 


SIMULTANEOUS 
EXTRUSION OF 
DIFFERENT COLOR 
MATERIALS for: 


@ Striping 
Indentification 
@ Color Coating 


@ Wire Insulation 


Increase COLOR CODING OUTPUT 
with the Model 1250-20 


20:1 L/D Ratio 
30-40 ibs./HR 
Nominal Output 








We will make 

the dies to meet 
your specific 
requirements 

Let us know your 
extrusion problem 
We will solve 

it at no 

additional cost 





Write 
Millington 7-1000 a 
Mitchell 3-4600 and 


COrtiand 7-6220 ae 


Div. of Thermoplastic Processes, Inc. 


VALLEY ROAD e STIRLING, N. J. 








Pgs REPLACEMENT 


PART SERVICE 


REED-PRENTICE 
INJECTION MOLDING MACHINES 


EVERYTHING IN STOCK . SHIPMENTS 
MADE WITHIN 2G HOURS 


Save Down Time * Money * Trouble 


CYLINDERS and SPREADERS 


48 hour cylinder repair service including 
replacement of spreader (if necessary), 
GUARANTEED PERFORMANCE. 8, 12, 16, 
22, and 24 oz. spreaders for R-P cylin 
ders in stock. Save 20 to 50%. Also Cyl- 
inders Resleeved. 


PLATENS and LINKS 


In stock for immediate shipment, pre- 
cision-rebuilt and reground platens and 
links, new parts, bushings, pins, spacers, 
grease seals, tie rods, tie rod bushings, 
etc. OR Save up to 50% by exchanging 
your old platens and links for an Adco 
Fully Guaranteed Replacement Part Pack- 
age — shipped completely assembled 
ready for installation — on approval. 


OL 


CYLINDERS — SPREADERS 





PLATENS LINKS PARTS 


ENGINEERING & 
adco iitevo:ne. 
2121 Lincoln Ave. Chicago 14, ill. Phone: EAstgate 7-6678 
Dependable Service to the Plastic Industry Since 1925 





EQUALLY BIG SAVING ON OTHER 
MACHINE PLATENS & CYLINDERS 
FOR PRICES OR TO ORDER- WRITE, CALL 
OR WIRE COLLECT 








ANOTHER 
PRODUCT 
BY 
PETERSON 





Other Peterson Products 


Twin Tip Spray Guns 
Glass Hogs 

Mixing Heads 
Pumping Systems 
Booms 

Timers 


For further information write: 


PETERSON PRODUCTS 


P.O. Box 871 
1385 Old County Road 
Belmont, California 
LYtell 1-7311 





blocks of foam up to 30 in. thick. 


Vertical cuts: For making ver- ' 


tical cuts, vertical band saws are 
available. They employ a hori- 
zontal rolling table which carries 
material through the blade. An 
adjustable stop, which projects 
above the table at right angles, 
measures the amount of material 
to be trimmed off the block. Such 
saws must be capable of process- 
ing material up to 24 in. thick 
and slabs as large as 80 in. wide 
by 12 ft. long. 

Angular cuts: If angular cuts 
are required, jigs can be built to 
hold the block in a tilted position 
as it is pushed through the saw. 
If a great variety of angle cuts 
are required in small quantities, 
a saw with a tilting blade is avail- 
able. 

Die cutting: Odd-shaped ure- 
thane parts can usually be die 
cut. Items such as gaskets, cush- 
ions up to 3 in. thick, insulation 
pads, automobile parts, and other 
similar products are most effi- 
ciently cut on steel rule dies, 
which consist of thin-edge steel 
blades bent to shape and inserted 
in die-grade plywood. There are 
numerous ways of applying the 
cutting pressure to the dies in or- 
der to get the desired cut. One 
of the most efficient ways is to 
use a hardened roller die cutter 
with a vertical die handler. This 
method of die cutting produces a 
clean cut with true vertical edges. 
It first compresses the stock (by 
pushing the die into the material) 
and then continues to compress it 
to approximately 75% of its origi- 
nal thickness. The die cutter’s 
steel roll then passes over the 
back of the die and forces the 
cutting edges through the foam 
and against a steel plate. Other 
devices for low volume die cutting 
include clicking machines, beam 
presses, and punch presses. Mate- 
rials can be fed into these ma- 
chines in sheet or roll form. One 
of the most highly versatile means 
of feeding roll stock is by use of 
a pinch bar feeding mechanism 
which clamps the material to a 
conveyor belt and pushes it into 
the cutting position. 

Crowned cushions: In the fur- 
niture manufacturing field, ure- 
thane has been, and is, giving 
natural foam latex plenty of com- 
petition. However, one of the re- 
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-*Blow Molding = 
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Machines 


**2 0z. Rapid Injection 
Molding Machines 


Pre Plasticizers 
Adaptable For Most 
Injection Molding 
Machines ‘ 
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** Temperature Control 
Units 


Refrigeration Units 
** Granulators 

** Blenders 

* Grinders 


* Ovens 


Plastics Machinery 


MACHINERY & MFG. CO., INC. 


500 Saw Mill River Road 
Yonkers + New York 
YOnkers 5-0900 


102 Grove Stree! 
Worcester + Massachusetts 
Pleasant 7-7747 
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quirements placed upon urethane 
fabricators has been to furnish a 
crowned cushion. Foam rubber 
can easily be molded to the de- 
sired shape. Molding urethane to 
a desired shape is a much more 
difficult task and as a result me- 
chanical methods are being used 
to produce shaped urethane cush- 
ions. Some fabricators are buffing 
the contour on each edge of the 
cushion by use of contoured wire 
wheels or abrasive coated wheels. 
One type of equipment will cut 
the crown onto the edge of a rec- 
tangular cushion in approximately 
one minute. 

Buffing: Buffing can produce as 
high as three cushions per minute 
depending upon the amount of 
material to be removed. However, 
there are many drawbacks to this 
method of contouring. One is the 
dust produced by the buffing and 
another is the problem of holding 
the material securely as it passes 
through the buffing chamber. 
Urethane, being a flexible mate- 
rial, tends to grab and be thrown 
out of the machine. Buffing proves 
to be a slow method when a con- 
siderable amount of material must 


be removed from the cushion. 
Contour Cutting: For odd- 
shaped cushions and pads, such as 
half round and pie sections, a con- 
tour cutter has been developed. 
It will cut to shape and contour 
an average size urethane automo- 
tive seat topper 24 in. wide by 64 
in. long in less than 14 seconds. 
Practically any contour and a 
wide range of shapes can be cut 
with inexpensive templates. 
Gang cutting: One of the latest 
means of fabricating urethane 
foam economically is with gang 
cutting equipment. For example, 
if a customer’s requirement was 
for 1 in. by 1 in. by 8 ft. strips, 
a gang cutter could cut 144 strips 
simultaneously from a_ block 
trimmed to 12 in. by 12 in. by 8 
feet. Gang cutting eliminates the 
more costly band sawing opera- 
tions and also offers a high degree 
of cutting accuracy. Strips of 
various lengths and as small as 
Y% by % in. can be cut in one 
pass through the machine from a 
12 by 12 in. foam log. A gang 
cutter with a capacity of 24 by 
30 in. is also available. Blocks up 
(Continued on p. 954) 








The New CJB 





Automatic Screen Changer 


Changes screen pack in less than 1/2 second! 


You get 


1) better quality 2) increased production 


3) no down-time for screen change 


“It paid for itself in less than 3 
months,” says manufacturer. Ex- 
truder is not slowed down, 
stopped, or regulated in any way. 
Thoroughly tested for one year. 
Fits all applications. Materials 
and workmanship guaranteed. 
The new CJB AUTOMATIC 
SCREEN CHANGER (Model 
No. 16) is (basically) for 314", 
4Y4" and 6” extruders. Guaran- 
teed up to 3000 PSI without leak- 
age. Two 850 watt cartridge 


heaters keep breaker plate hot. 

Movies available. Ask. Com- 
plete cost, including full adapta- 
tion to your unit, small hydraulic 
unit, all accessories, and installa- 
tion—approximately $4,000 (or 
less). Three to five week delivery. 
FOB Chicago. 

Ask for complete information. 
No obligation. We have photos, 
exploded drawings, spec. sheets, 
case histories. 


The 

new rule 
for plastic 
measure- 
ment 


TER 


CONTINUOUSLY MEASURES, 
records, controls width of moving 
plastic during extrusion, calender- 
ing, winding—with economy, guar- 


anteed accuracy, proven reliability. 


ELIMINATES narrow shipments, 
human error, shutdowns for man- 
ual measurement, waste. Improves 
productivity, quality control, uti- 


lization of stock, product value. 


MATRIX 


C. J. BERINGER CO. INC. 


machinery and auxiliary equipment for the plastics industry 
5667 Milwaukee Avenue e Chicago 46, Illinois 
SPring 5-3333 e¢ TWX: CG504 


CONTROLS CO. INC. 


BOX 22, SOMERVILLE, N.J. 
RA 2-3242 
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This is H-P-M 
versatility 


for specific production needs 





of new materials, new applications 


and new molding techniques 
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Two-Stage 
Plunger 
Preplasticizer 
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The most complete line 
for the plastic industry 


Pre-engineered components with wide inter- 
changeability broadens H-P-M’s versatility. 
For new heat sensitive materials, for new 
applications, for faster production with ab- 
solute dependability, the H-P-M line offers 
most for you. There’s an H-P-M “custom- 
designed” for your specific needs. 
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CONVENTIONAL INJECTION MACHINES 
PLUNGER PREPLASTICIZERS 

EXTRUDER PREPLASTICIZERS 

COMPRESSION PRESSES 

TRANSFER PRESSES 

MELAMINE DINNERWARE PRESSES 
REINFORCED PLASTIC PRESSES 

Larger Presses Built to Customer Specifications 


DIVISION 
Koehring Company 
Mt. Gilead, Ohio, U.S.A. 
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NEW H-P-M INJECTION MACHINE VERSATILITY 

The H-P-M “custom” approach to your molding requirements 

40 OZ. assures you maximum production per dollar of machine invest- 





ment. With interchangeable machine units, you can select a 
machine to fit your requirements as if it were especially built 
for the job. This is possible because of the wide range of clamp 
tonnages, injection capacities, types of injection and injection 
speeds illustrated here. 
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ADAMSON UNITED RUBBER AND 


MILLS, REFINERS, CRACKERS, WASHERS 


Mills are built in all standard sizes as well as special sizes 
to meet specific requirements. The mill illustrated has 
rolls 20” in diameter, 48” nat. The motor drive is direct- 
connected to the rear roll. It also has motor-operated 
adjusting screws, flood lubrication, front roll position in- 
dicators, tilting stock guides, two sets of connecting gears 
for operating at two different friction ratios. 

Mills can be supplied driven individually, in pairs, or in 
groups on a ‘line shaft and may be floor mounted on 
vibration mounts if desired. In addition to all types of 
standard mills, refiners, crackers, and washers, we design 
and build special-purpose units for new rubber and plastics 
processes. 


BEE SN ee aa SO de RS CAI a a 


AUTOCLAVES, VULCANIZERS, POT HEATERS 


Adamson United offers a full line of horizontal and vertical 
ressure vessels in diameters from 12” to 15’ and any 
ength. They can be built for full vacuum or internal 
pressures up to 2500 psi. A variety of quick-opening, 
positive-locking door arrangements are available including 
breech-lock davit or hinge-type, slide-lock, third-ring type, 
and others. Vessels can be single shell or jacketed and 
may be equipped with internal coils, circulating fans and 
automatic controls for programed process control. 


The 72” I.D. horizontal vulcanizer shown has a breech- 
lock, hinge-type door. 


ies UPR ge ER ee RE eos a 


ROTOCURES* 


The standard Rotocure illustrated has a vulcanizing roll 
60” in diameter, 80” long. Curing speed is adjustable from 
0.5 to 8.0 fpm. Maximum belt tension is 240,000 Ibs. 


Available with either steam or electric heating, the Roto- 
cure provides continuous curing of standard belting, floor- 
ing. or sheeting, as well as rubber or plastic articles with 
molded pattern surfaces. It gives a uniform cure with no 
overcuring or undercuring of over-lap areas as occurs on 
conventional equipment, and eliminates time and heat 
losses due to opening and closing. Roll and belt changes 
are made quickly and easily. An additional pressure roll 
can be provided for molding deeper patterns and increased 
production rate. 


*Patented by Boston Woven Hose and Rubber Co. Built by 
Adamson United Co. under a licensing arrangement 
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@ DESIGNERS AND BUILDERS OF BASIC AND SPECIAL MACHINERY 
FOR THE RUBBER, PLASTICS AND PLYWOOD INDUSTRIES 





PLASTICS PROCESSING MACHINERY 


CALENDERS 


We offer a complete line 
calenders designed to meet 
patna =! gitar ion p Kaan. om 
ments . 
Sizes range from 8” x 16” labo- 
ra models to large produc- 
tion aoe with rolls 

36” x92”. They may be 
coupes with such features as 
roll bending, roll crossing, 
drilled friction bear- 


, anti- 
ings, and drive. 
Cc include 2- and 
3-roll al, inverted-L, Z- 


Lon Baa pat inclined, and 
Shown is a 24” x 68”, 3-roll, 
120 degree, connecting gear- 
type calender with roll crossing. 
A full line of accessory equip- 
ment for continuous process- 
ing is also available. This 
Sickles auulienatt for produc- 
tion of rubber and plastic 
sheeting, and for fabric coating 
operations. 


SPECIAL MACHINERY HYDRAULIC 


Shown is the 80,000-Ib. load side of an Adamson- PRESSES 
built aircraft tire and brake tester. The inertia wheel 


is 120” in diameter, develops speed of 300 mph. Land saa — ite 
We also design and build special presses for plywood, is designed for com- 


hardboard and decorative laminates; synthetic rubber pression molding re- 
baling presses; continuous chipboard extrusion ma- quiring extremely low 
chinery; ram-type vulcanizers for large off-the-road eflection. Other 
tires; special large molds — Je oe 
Sees — —— window frame, goose- 
uliding materials; an as neck, and barrel-type 
other special equipment me hydraulic presses. 
for laboratory or produc- f at : Standard sizes of 
tion. . Ee F square presses range 
df ' from 12” x 12” to 
76” x76”; rectangular 
platen presses in 
lengths to 31’. 
Our standard presses 
include types for com- 
pression, transfer, and 
injection molding of rubber and plastics, as well 
as [ea for V-belts, flat belting. laboratory use, 
and automatic molding of multiple parts. We are 
also equipped to design and build special units 
to meet specific requirements. 


ADAMSON UNITED 


& QO MPAN Y 


730 CARROLL STREET, AKRON 4, OHIO 


Subsidiary of United Engineering and Foundry Company 
Plants at Pittsburgh, Vandergrift, Wilmington, Youngstown, Canton 
















“Pad sounee how 
EXTRUDERS, COMPLETE PRODUCTION 
PACKAGE UNITS, ACCESSORIES ccs 
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Polishing roll stands 
with NRM-built mirror- 
finish rolls. 
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New monofilament pro- 
duction package. Fea- 
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1 and 1% in. lab- 


Complete line of sheet, film, oratory extruders. 


pipe and wire coating dies. 





As the only manufacturer of standard 
thermoplastic extruders, in sizes from 
1 through 15 in., NRM can recommend 
extrusion equipment exactly matched to 
your present and future needs. 





In fact, NRM builds complete package 
units for production of flat or corru- 
gated sheet, plastic pipe, flat or blown 
film, monofilament, pellets, and for wire 2% and 3% in. Vanguard 
coating. Series standard extruders. 
Extruder-dryers . . . custom extruders 
for special applications ... dies... 
haul-offs ... tanks . . . vacuum hoppers 

. related accessories — NRM offers 
them all. 








And, NRM’S years of experience in the 
development and manufacture of the 
finest plastics production machinery 
available today are at your service. 
Whether you're concerned with produc- 
tivity, product quality, cost reduction, 
or a new process, you'll be money ahead 
if you call in NRM for recommendations 
while your project is in the planning 
stage. Call, wire or write today. 
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3%,. 4% and 6 in. 
Pacemaker Series 
heavy duty extruders. 


8, 10, 12, and 15 in. high-capacity extruders. 


NATIONAL RUBBER MACHINERY COMPANY 


General Offices: 47 W. Exchange St., Akron 8, Ohio © Eastern: P.O. Box 432, Saddle Brook, N.J. © Midwest: 
5875 No. Lincoln Ave., Chicago 45, Ill. @ Southeast: J. D. Robertson, inc., 3110 Maple Drive, N.E., Atianta, 5, 
Ga. © West: H. E. Buecken Co., P.O. Box 65, Pico Rivera, Cal. © Canada: Barnett J. Danson & Assoc., Ltd., 
1912 Avenue Road, Toronto 12, Ontario @ Export: Omni Products Corp., 460 Park Ave., S., New York 16, N.Y. 
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Compact Control 
Unit Maintains 
Correct Injection 
Mold Temperatures 


Here's a complete temperature control package 
for plastic injection molding machines. Simple 
to hook up, Mokon circulates water through 
the mold, heating and cooling it as required 
. . automatically! Modulating control keeps the 
temperature of water entering the mold from 
varying less than 42°F. It takes but a minute or 
two to change from one water temperature to 
another. A unique pumping system supplies high 
velocity, high volume water with an extremely 
ow total volume of water in the system. Two 
dial thermometers permit operating efficiency to 
be checked at a glance. Small in size and light 
in weight, Mokon can be readily moved from 
machine to machine. 
FOR FULL DETAILS, fill in and mail the coupon below 


MOKON DIV., PROTECTIVE CLOSURES CO., INC. 
2209 Elmwood Ave., Buffalo 23, N. Y. 


MAIL illustrated literature describing the 
Mokon Temperature Control Unit 


Name 
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Company 


Sweet 
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City [7S eee 
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(continued from p. 947) 

to 20 ft. long can be processed on 
this equipment if idler conveyors 
are positioned at each end of the 
machine’s power driven conveyor. 


Rigid foams 


The demand for fabricating 
equipment to process rigid foams 
has increased to the point where 
it has become necessary to design 
a machine capable of slabbing the 
material into various gage sheets 
from the large foamed block. 
Rigid slabbers are now available 
which will automatically cut the 
material into the desired slab 
thicknesses. A power driven re- 
ciprocating table 50 in. wide by 
146 in. long carries the material 
through the cutting blade. 

The blade is raised and lowered 
by a pneumatic and mechanical 
indexing mechanism. The rigid 
slabber will handle blocks up to 
24 in. thick and will cut gages 
from % to 8 inches. One of the 
features of this new machine is 
its high-speed indexing mecha- 
nism. In the rigid foam field the 
demand of sizes lies in the range 
from 1 to 4 in. in thickness. On 
the rigid slabber, after each pass 
through the cutting blade, the 
block must be returned to the 
start position at twice the cutting 
rate, while the cutting head low- 
ers for the next succeeding cut. 
This new high-speed indexing 
mechanism positions the head at 
a rate of 48 in. per minute. 

The cutting is done by a band 
saw blade. Various types of rigid 
foam require different gage blades 
with variable tooth designs. The 
speed at which the blade travels 
in fpm. is quite critical and 
therefore a variable speed drive 
on the cutting blade is desirable. 

Various densities of foam re- 
quire a different speed and feed 
rate. For example, polystyrene 
foam has been cut on the rigid 
slabber at the rate of 10 f.p.m. 
with a blade speed of 7000 f.p.m. 
A 2-lb. density urethane foam is 
cut with a blade speed of 9000 
f.p.m. and a feed rate of 45 f.p.m. 
Flexibility of speed and feed rate 
in equipment for rigid foam fab- 
ricating is a must. 

The cut-off saws, side trimmers, 
and deep throat saws described 
earlier can also be used for cutting 
rigid foam to required sizes. 


















ROGRESS WITH THE 
IONEER IN 
LASTIC MACHINES 


Progressive Machine Company pioneered 
the development of plastic machinery way 
back when, and the important developments 
in this field still begin with P 

That's why the most modern, efficient pias. 
tic machinery comes from Progressive a 
the lowest possible cost. Here are just 
few of the leading machines that come 
from Progressive: 





A. AUTOMATIC TRAVELING CUT-OFF SAW 


New, fully automatic heavy duty cutoff 
saw for rigid extrusions. 


B. COMBINATION PULL-OFF WITH 
CUT-OFF SAW 

Cuts all types of extruded materials up to 
7” diameter, regardless if round or shaped, 
automatically. No more second cuts for 
accuracy or squaring are necessary. Setw 
time is just a matter of minutes. Its port- 
ability makes it possible to operate on dif- 
ferent extruder lines. 


——as=— 


ANTI-WRINKLE WOOD AND ALL METAL 
SLAT EXPANDERS 

Metal—3%2” and 5%” diameter. Fully 
corrosion proof. Bronze slides for high 
speed and high temperature operation. 


DOUBLE SPINDLE TURRET WINDERS 


Many other stock 
machines. Write for 
individual bulletins 


P ‘ 
MACHINE CO., INC 
198-202 EAST 25th ST. 


PATERSON 4, N. J. MU. 4-2! 





New England Rep: Barret and Breen Company — 
60 Federal St., Boston 10, Mocsachaselt 
Mid-West Rep: Plastic & Equipment Sale: Compal 
8232 Major Ave., Morton Gro ty Milindit 


MACHINERY AND EQUIPMENT 

















| The Rainville — Tr 
Company has the 
most complete COMERIO CALENE 
selection of 

plastic equipment 2 
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PRINTING & MAR 







18. Kammann K 10 Manual Silk 
Screening Machine for round objects 20. K 
such as biown bottles Bottle 


FOREMOST SCR 















24. 3C-2 Hi-Shear Grinder ' 
10” x 12” Throat; 3 or 5 hp motor 842” 


Rainville Research and Development Laboratory 


KAUTEX BLOW MOLDING MACHINES 


2. V18 2 Gallon Machine with Twin 3. V18 2 Gallon Mac 
1. V8 1 Galion Machine Extruders Parison Head 


COMERIO CALENDERING AND BLENOC 


be SE 


6. 150 HP 4 Roll “‘L"’ Calender 7. 60 HP 4 Roll “L” Calender 8. 8 HP 3 Roll “L” 


EXTRUSION EQUIPMENT 


11. Rainville 24% 
L/D Ratio—42” Cente 
9. TR 30 (14e”) Bandera Extruder Standard Arrangemen 


14. Vern Emery Saw—Model 4 cuts 15. Vern Emery Saw—Model 9 cuts 
up to 4” pipe up to 9” pipe 16. Speedex Model ( 


PRINTING & MARKING EQUIPMENT 


19. Kammann K 10 Manual Silk 
Screening Machine for round objects 20. Kammann K 5 B Fully Automatic 21. Kammann K 11 
such as biown bottles Bottle Silk Screening Machine Sidewal!l Printer 


FOREMOST SCRAP GRINDERS 


a 
es 
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26. HD-4 Heavy Du 
24. 3C-2 Hi-Shear Grinder 25. HD-1 Heavy Duty Grinder— 10” x 28” Throat; 
10” x 12” Throat; 3 or 5 hp motor 8%” x 10” Throat; 3 or 5 hp motor 15 hp motor 
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Gallon Machine with Double 5. H260 50 Gallon Machine with 
d 4. H10 Semi-automatic Machine Accumulator 


F 


3 Roll “L” Calender 8A. Type M 89 Mixer 8B. Type M 10 Vertical Agitator 
ille 242”™extruder—20 to 1 12. Rainville 242” Extruder—20 to 1 


| 5 
42” Centerline L/D Ratio—Base Arrangement for 


Arrangement Blow Molding 13. Bandera Vacuum Pipe Sizer 


é 


22. Rainmark Model 25 High 23. Rainmark Model 30 
mann K 11 Automatic Capacity Rotary Hot Stamping Reciprocating Table Hot Stamping 
| Printer Machine 


Y) | 
] 


a) 
17. Speedex Model 0/5 Tractor- 
edex Mode! 0/3 Puller Type Hau! Off (up to 5” capacity) 


Tete leer 27. HD-2 Grinder Equipped for 8. Heavy Duty Mode! 6B Lump 


2 
otor Pipe Grinding Cutter 
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ne Rainville 


Company, Inc. 


FOREMOST AUTOMATIC SCRA 


30. Under-the-Press Grinder-Blender- 
29. Cutter Blower for automatic Loader. Scrap inlet height as low 
removal of sheet edge trim as 16” from ground 


LOADING AND MIXING 
(* 


i] 


Laie 
im 


of " 
35. Foremost 1” Automatic Hopper 
Loader including Level Switches, 36. Rainco Drum Tumbler with 
Drum Clamp, Solenoid Vaive, etc. Floor-Level Loading 


DRVING AND DEHUMIDIFVING 


41. Dehumidified Hopper Dryers 42. Una—Dyn er complete 
A complete line of efficient dryers with efficient air distribution hopper 


from 50 to 1000 ibs. per hour and dust-free Rainco Vacuum Loader 


MOLD TEMPERATURE CONTRO 


47. Rainkoo!®Refrigerating and 48. Autotherm Mode! 801 Single 43. 
Recirculating Units—Air Cooled and Zone Mold Temperature Control Mo 
Water Cooled Unit—50 degrees F to 230 degrees F 50 


ROTARY COMPRESSION MOLD 


53. Cropp 20 station—3% to 

10 tons per station. Fully automatic 

continuous compression molding 54. Cropp Hydraulic 20 station 
with powder or preforms. 8 tons per station 


EXPANDABLE POLYSTYRENE 


59. Slocomb Expandable Polystyrene 
Steam Expander—Mode! 2 shown. 60. Rainco Expandable Styrene 
Available in 3 sizes Molder 





UTOMATIC SCRAP HANDLING SYSTEMS 


30. Under-the-Press Grinder-Blender- 
Loader, Scrap inlet height as low 
as 16” from ground 


MIXING 


31. 3C-2 Roll-Feed Grinder for 
grinding scrap in roll form 


36. Rainco Drum Tumbler with 
Floor-Level Loading 


Gg antlits 


37. Rainco Flake Loader 


er complete 43. Una Dyn Model AO-2—Floor 
with efficient air distribution hopper Loading Combination Dryer-Hopper 
and dust-free Rainco Vacuum Loader Loader 


ERATURE CONTROL 


48. Autotherm Mode! 801 Single 
Zone Moid Temperature Control 
Unit--50 degrees F to 230 degrees F 


49. Autotherm Mode! 802 Duai Zone 
Mold Temperature Control Unit 
50 degrees F to 230 degrees F 





38. Rainco Standard Vacuum Loader 
—1200 pounds per hour capacity 


44. Model AM-15 Molecular Sieve 
Dehumidifier 


50. Autotherm Mode! 805 Single 
Zone Atmospheric Pressure Unit— 
4500 Watt Control Unit—50 degrees F 
to 210 degrees F 


33. Adapter Unit and impeller 
Loader to convert any standard le nder 


with 
rinder to an automatic Grinder- roll for light 


lender-Loader 


39. Rainco Capacity — .| 


Loader—1800 pounds per ho! 40. Rainco Loader with Dust Tight 
capacity ng 


45. Foremost 20—Tray Oven 46. Foremost 40—Tray Oven 


52. Autotherm Model 810 Cooling 
Only Unit for Vacuum Forming or 
Extrusion Screw Cooling for Use on 
Water Only—50 degrees F to 

210 degrees F 


51. Autotherm Mode! 807 Dual Zone 
Hot Oil Mold Temperature Control 
Unit—100 degrees F to 500 degrees F 


PRESSION MOLDING S88 FINE GRINDING EQUIPMENT Ses 
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55. Cropp Rotary Transfer Press 


54. Cropp Hydraulic 20 station 
8 tons per station 


POLYSTYRENE 


i 


60. Rainco Expandable Styrene 61. Rainville Grate Magnets for 
Molder ferrous metal contamination 


56. Palimann PP 6 for “powdered” 
thermoplastics down to 100 mesh 
without refrigerant 


MISCELLANEOUS 


62. ~y ry Oil Reconditioner— 
Mode! MT-1 


- 


58. Pallmann complete piant 
installation with automatic 


57. Palimann RF 8 screening 


64. Rainville Mold Release 
4 $12.00 


63. Mode! 30 Doyle Vacuum Cleaner 





CUT INJECTION PLANT COSTS WITH 


ao $STOCcK E 


FIVE STOCK MODELS 
(1) Model T-2, 3/4 HP ......... J 
(2) Model T-2A, 1 HP - 
(3) Model T-2B, 2 HP x 
(4) Model T-2C, 3 HP 
(5) Model T-2D, 5 HP - 2650.00 
TIP OUT TYPE DRUM HOLDERS ALSO AVAILABLE 


MOLD CIRCULATORS Ee =a 
FIVE STOCK MODELS 


(1) Injection Mold Starter 

(2) Standard **Midget’’ Model 
(3) Automatic Model 

(4) High Heat Model 

(5) Double Tank Model 


EASIEST TO MAINTAIN — LOWEST IN COST 
a SCRAP GRINDERS 
ELEVEN STOCK MODELS 


$ 385.00 ( 6) M-5, 5 HP $1450.00 
628.50 { 7) M-SA, 5 HP (3 Blade) 1505.00 
678.00 ( 8) XD-1, 2 HP (Single Drive) .. 815.00 
815.00 ( 9) XD-1, 3 HP (Twin Drive) ... 1024.00 
878.00 (10) XD-2, 7% HP (TwinDrive).. 1740.00 


(11) XD-3, 10 HP, 24°? » 12”° Throat $2650.00 


= MOLD CHILLERS 
FOUR STOCK MODELS 


(1) 2 HP, Air Cooled $1595.00 
(2) 3 HP, Water Cooled (W-300) 2642.10 
(3) 5 HP, Water Cooled (W-500) 3645.00 
(4) 10 HP, Water Cooled (W-1000)... 5650.00 


THE ONLY CHILLERS DESIGNED 
EXCLUSIVELY FOR THE INJECTION MOLDER. 
DRYING OVENS & 
TWO STOCK MODELS 


DEHUMIDIFYING OVEN VACUUM TYPE OVEN 


Built-in Dehumidifier 1OKW Fastest drying down to 
Top Quality $1885 .86 minimum moisture content! 
Complete $2250.00 


FOR TOP QUALITY DRYING OF ALL THERMOPLASTICS 
HEATING CYLINDERS 


ORDER TODAY! We Specialize In Replacement Cylinders For Any Make Of Press 
NO SALESMAN witt TYPICAL STOCK MODELS 


CALL! Reed 10D8, 8 oz. ...P- 1 $1198.50 


; ider Watson 16 oz. csscees P 
are an Injection Molder, Moslo 4-6 oz. ssssceee P 
, he IMS Mail- Hydr. Clamp 6-8 oz. P-43 
i Fellows 6-8 oz. 


inn | Catalogs Van Dorn 2-1/2 oz..P-33 


FREE oe wblished prices. ‘the HEATING CYLINDER Peop{e” stock CYLINDER CATALOG FREE! 
Ww U 


22 ta lone INJECTION MOLDERS SUPPLY CO., inc. 


17601 SOUTH MILES ROAD © CLEVELAND 28, OHIO © LUdlow 1-3200 





...0k difficult as | 
doug a Ballet 
a Telepkoue. Booth 


BUT NOT FOR APC... Here’s Proof... 


ued 325] 


There’s an apc machine for many 
multi-component resin metering, mixing and 


dispensing problems. 


Automatic Process Control devotes 100% 
of their design and manufacturing 


skills to this field. 


See the results of this 
specialization — apc )’s fine new family of 


dependable and efficient machines. 


Write for literature and price information. 


MODULAR MARK IV HYDROSPENSER 
Latest version of dependable 

Mark IV standard shot machine with 
increased flexibility. Handles high 
temperature, highly filled resin 
systems. From 5 to 750 cc’s. 


MICRO-SHOT HYDROSPENSER 
Accurate small shot metering, 
mixing and dispensing for miniature 
component encapsulation, sealing, 
impregnation, etc. From a 
fraction to 20 cc’s. 


ON-THE-FLY DEGASSER 

Self contained unit for degassing 
liquids and hot melts used in 
producing castings free from 
voids caused by entrapped gases. 


HYDRO VAC 

Versatile, self contained unit with 
integrated controls — degasses, 
mixes and vacuum casts multip/e 
component resins, for laboratory 
or short run production. 


AUTOMATIC PROCESS CONTROL, INC. 


apc) 1123 Morris Ave. 7 Union, New Jersey e MUrdock 8-1618 





aD JOHNSON 


GE ENGINEERED 
«a Extrusion Accessory 
EOUIPMENT 


EVERYTHING FOR EXTRUSION 


EXCEPT THE EXTRUDER 


DESIGNERS AND 
MANUFACTURERS 


BLOWN FILM DIES 

AIR RINGS 

TAKE-UP TOWERS 

FLAT FILM & COATING DIES 
TAKE-AWAY EQUIPMENT 

FILM CASTING MACHINES 
SHEETING DIES 

SHEET PROCESSING EQUIPMENT 
HOPPER LOADER DRYERS 
EXTRUDER SCREWS 

SPECIAL PLASTIC PROCESSING MACHINERY 


WE INVITE YOUR INQUIRIES. 
FOR LITERATURE & QUOTATIONS 


ap SENSON MANUFACTURING CO., INC. 


DEPT. 701 e@ CHIPPEWA FALLS, WISCONSIN 





EACH PRESS DESIGNED WITH TOMORROW IN MIND 


““ALL-HYDRAULIC”’ 
PREFORM PRESSES 


Compacting granular, nodular, fines, 
flock filled, rag filled and glass filled 
plastic materials as well as powdered 
metals and other compounds may now 
be accomplished with these versatile 
FOR HIGH BULK machines utilizing single or multiple 
MATERIALS cavity self-aligning die sets with or with- 

out cores. Sizes available to 260 Tons. 


—T 
HYDRAULIC PRESSES 


tained units, standard models or vari- 
able speed models available with or 


Complete line of frames and self con- | | \ 
3 i 
without electrohydraulic servo controls. | 


PLASTICS POWDERED METALS 
Compression Transfer Compacting 


Relcy. yy HYDRAULICS, INC. 


4901 West Lawrence Aven ee PP 


GET A LOGAN QUOTATION BEFORE YOU BUY 
Write for catalog describing Logan "' All- 
Hydraulic" Preformers and Hydraulic Presses 














Check Actual Stock Temperatures 
Quickly 


Accurately 
With T-E’s Three-Unit Package 








For fast, convenient and 
highly accurate quality con- 
trol of plastic extrusions — 
T-E’s three-unit, tempera- 
ture measuring package is 


‘ A ideal. With it you can check 
Se actual stock temperatures 
’ : —and then correlate these 


to controllers for correct settings. It helps you avoid production losses during 
start-up or when ambient conditions vary. The package includes T-E’s (1) “Plastic 
Meit” thermocouple, (2) “MiniMite” Portable Pyrometer !ndicator and (3) exten- 
sion wire with jack connector. With the “Plastic Melt” thermocouple installed in 
the extruder, the “MiniMite” can be connected in seconds to provide a rapid 
reading. Accurate to 4% of 1% of scale range, the four |b. “MiniMite” can also be 
used to check other thermocouples or to calibrate controlling instruments. 
Write for Bulletin 3-P- 


Thermo Electric G.iuc 


SADDLE BROOK, NEW JERSEY 


STO aw 
e 


URTESY——-NATIONAL RUBBER MACHINERY CO. 
Checking stock temperature with T-E’s three-unit package 


wf en Mi wihtrry 
ortnere nd 





“MiniMite” Pyrometer Indicator 


In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. 














T-E’s “Plastic Melt” Thermocouple 














WORKING WITH 


EPOXY? 
OLYESTER? 
URETHANE? 
-. ILIGONES? 


producer. : ' ‘ : g Check the 
Here is a graphic application of how complete engineered P 

winding after extruding can be when engineered by Hobbs. At H.V. HARDMAN CO. 
the plant of a leading resins producer a Hobbs Winder in- 
stallation is engineered to handle plastic film heat treating 


EXTRUDING 


rd 
AS ENGINEERED BY 


Side view of Hobbs 


and slitting, then turret wind the material and take care of 
trim disposal . . . all tied into a previous process to make con- 
tinuous operation a swift, sure, economical fact. 

oe, 1008 Send for “Principles & 

= Practices of Modern Winding” WINDERS 


HAND & 
=a +): % : Be MANUFACTURING CO. / PowER SHEARS 


55 Salisbury St., Worcester 5, Mass. SLITTERS 


ot t —- py in iain, ay Comins, O., DIE PRESSES 
: jo and Los Angeles, Calif. Representatives 
ad enville, S.C. and Toronto, Ont., Canada. AUTO CUTTERS 








TRIPLEMATIC- 
PUMP 


TO METER MIX & DISPENSE 
MULTI-COMPONENT RESINS 
Write Today to 
H. V. HARDMAN CoO., INC. 


575 CORMANDT ST., BELLEVILLE, N.J. 
ONE PLYMOUTH 9-1242 



















aC NOW READY! 
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ULTRASONIC 
Continuous Sealer 


FOR POSITIVE BONDING OF 
a(S 




















Metal Foils, Poly-coated Papers, 
Hypolon, Metalized Cloth, Poly- 
craft, Woven Nylon, Orlon, Dacron, 
Saran, Polyethylene, Mylar, Poly- 
vinyl Fluoride, Teslar and count- 
less other materials 

































MODEL 350 






























With over 20 years spent in intensive study, engineering, design 
and production of high frequency sealing equipment, the new tech- 
niques we have developed in ultrasonics places us in the unique 
position of now offering practical methods and customized equip- 
ment for sealing virtually every known plastic and man made fiber. 
Send for bulletin on our 300 watt pilot Model 350. . . first of 
many Ultrasonic Sealing Devices now in our production schedule. 























High Frequency Sealing Machinery Since 1941 
BAR PRESS and ROTARY SEALERS 
gary eee 20 to 2450 megacycles 


Stock Models and Generators for i diate ship t to any 
part of the world. 


CUSTOM ENGINEERING SERVICE. Our 
engineering staff will design and our highly specialized 
personnel will build special heat sealing devices to meet 
- special requirements. Write, phone or visit our plant 
and see how completely adequate we are to meet any 
challenge in the field of sealing and packaging. 


ayflower erecreonic vegies 


Only manufacturer of BOTH Bar and Rotary NX» 
Electronic Heat Sealers 
HUbbard 9-9400 






























































20 Industrial Avenue Little Ferry, N.J. 


964 









StaWaem ELECTRICALLY HEATED 
COMPOUND MIXING | COMPOUND MIXING TANKS | 





CAPACITIES TO 2,000 ACTOR 


DESIGNED FOR FAST, 
EASY, EFFICIENT HEAT 
ING AND MIXING OF AS 
PHALT, PITCH, WAXES, 
THERMOPLASTICS, 
ADHESIVES, etc 


Sta-Warm engineers and 
builds a complete line of 
standard or special melt 


ers, dispensers, mixing 





tanks and pots to meet 


505-Gallon Motor Agitated 
Compound Melter 


your production ling 


requirements. 


WANT A CATALOG? WRITE TODAY. 





“it You Can Wrap 
a String Around 


E oO. 
858 N. CHESTNUT ST., RAVENNA, OHIO 
A Subsidiary of WAKEFIELD CORPORATION 


ROTHERM ' 


3 Passage Revolving Joints 
FOR 


BLOW MOULDING 


AND 


SPRAY PAINTING 










AIR 
WATER 
PAINT 
STEAM 


1 to 4 
Passage 


Revolving Joints 
Complete With Manifold 
For Special Service 





YX 


Type 


Sizes 2” to 6” Inc. 


Send For Catalogue 


ROTHERM ENGINEERING COMPANY, INC. 


7280 West Devon Avenue Chicago 31, Iliinois 














when you consider new 


INJECTION MOLDING MACHINES... 


from 2 to 382 ounces 


..be sure to check the advantages 
of LESTERS. The unique features 
of all standard machines (plus 
14 optional auxiliary circuits for 
special jobs) give a flexibility of 
use that is unequaled in the field. 
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‘LESTER INJECTION MOLDING 


Distributed by Lester-Phoenix, Inc. ¢ 2657 Church Avenue ° Sheviiand 13, Ohio 
Agents in principal cities throughout the world 





Now...closer temperature control 
of plastic fabricating equipment... 
with SUPER-TROL 


high temperature cooling 


AUTOMATICALLY HOLDS TEMPERATURES WITHIN -1F 


SUPER-TROL was designed specifically for the plastic fab- 

ricator. For injection molding, vacuum forming, blow mold- 

ing, film extrusion, and film laminating. It lets you pick 

your temperature and hold it automatically within 1 F . . . 

adjusts with a single knob . . . saves electricity and water 
. responds with speed. Your product quality is pro- 

tected, assured, maintained. 

Utilizing the principle of High-Temperature-Cool- 

ing*®, SUPER-TROL achieves close-limit temperature 

control through a closed-circuit water circulating 

system employing high-velocity, high-capacity 

pumps and heat exchanger controlled by an exclu- 

sive, patented electrical temperature regulator. 

Completely flexible and versatile, SUPER- 

TROL can be hooked up to any plastic fab- 

ricating equipment quickly and easily. 

SUPER-TROL is available in a wide range 

of sizes, capacities, and temperature ranges. 

Larger capacity models, models with sepa- 

rate free-standing control panels, air- 

operated models, and models operating on 

other than standard voltages are a few of 

the special SUPER-TROL units that can 

be supplied on request. Our engineering 

staff is available for consultation on any 

special equipment. 


*Conventional methods of cooling introduce cold water directly 
into the pee pe system to remove excess Btu's. Overcooling 
at the inlet end of the circulating system and undercooling at the 
outlet end result in uneven temperatures across the piate or roll 
— and spoiled work. SUPER-TROL’s High-Temperature-Cooling 
method is basically the use of circulated water at only a few 
degrees lower than design temperature mace at high rate, 
rather than the use of cold water, to cool. Because the difference 
between desired temperature and circulating water temperature 
is slight, the tendency to overcompensate is drastically reduced 
and cooling is uniform. Thus it is possible to maintain a much 
closer degree of thermal accuracy, and more even temperatures, 
throughout the plate, mold, or roll 


SUPER-TROL MANUFACTURING CORP. 


635 MADISON AVENUE, NEW YORK 22, N. Y. 


NEW BULLETIN 

AVAILABLE! 

Full specifications and applications 

information on SUPER-TROL are contained in Bulletin 100. 
Write for your free copy. 


7627 


SVPER-TROL 
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tensile tes 
THE UPPE 


The Scott Model CRE Constant-Rate-of-Extension | 
Tester combines the precision of an electronic | 
weighing system . . . with exclusive “user-designed” | 
features to make it today’s simplest, most con- 
venient, most versatile tensile tester for laboratory 
or production testing. 


The Upward Moving Crosshead offers greater 
operating convenience because it enables a seated 
operator to observe specimen behavior at eye-level, 
even when testing high elongation materials. The 
crosshead pulls the top holding clamp away from 
the lower fixed clamp at a preselected constant rate 
... with the resultant force measured electronically 
and converted into easily understood stress-strain 
information on a strip chart. 


Testing Simplicity is another built-in advantage 
with the Model CRE. Finger-tip controls provide a 
wide range of crosshead speeds, complete and 
instant crosshead start-stop control, and a wide 
range of test capacities. Even the non-technical 
operator can obtain highly accurate test data, 
easier and faster . . . and make more tests per day 
at surprisingly low cost! 


A Versatile Tester, the Model CRE uses all Scott 
interchangeable clamps and fixtures to meet ASTM, 
ISO and Industry Test Methods. Special test acces- 
sories such as “pipping control” (for elastomeric 
testing), specimen dimension compensator, “time- 
to-break” signal, and others help you to meet your 
own industry require- 

ments On a sure, sim- 

ple and econoraical 

basis. There are 

many more Model por are 
CRE advantages, 

too. Write for CRE 

Brochure. Scott Test- 

ers, Inc., 103 Black- 

stone St., Providence, 

R. I. Tel. DExter 

1-5650 (Area Code 

401) 








SCOTT TESTERS 


THE SURE TEST...SCOTT! 
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Research by Barber-Colman and cooperating members r tion 
of the Plastics Industry has proved the practicality of ope qd 
pressure-temperature operation. Pressure indication 

speeds return to best mixing conditions and gives faster 4 i 
read-out of screw or screen troubles. Savings up to 1/3 iS ere ° 
have been reported by users. The new instruments below 

are specifically designed to aid plastics production. Ask 

your Barber-Colman Sales and Service Engineer today. 
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Record any combination of pressure 
and temperature up to 24 points 


The new Series 8000 Multipoint Recorders are electronic 
potentiometer instruments with zero and span adjustment for 
the pressure range. Dual 11” scales indicate temperature and 
pressure. Accuracy is + of 1% in typical ranges between 
0-800°F and 0-10,000 psig. Zener diode constant voltage 
source. Up to six high or low limit switches. Swing-away 
chassis. Series 2000 Round Chart Recorders are available for 
r.p.m. or foot-per-minute control of plastic sheet roll units. 


IN ——- Iu) WU 
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Now you can indicate Series 400 Capacitrols in- Specially designed for the Barber-Colman offers a 
temperature or pressure on dicateandcontroltempera- plastics industry, Model complete line of sensing 
only one instrument while tures. Available with Tru- 297 Capacitrols offer ac- devices and control acces- 
controlling temperature. line “anticipatory’’ time curate “Electronic Link’ sories . . . thermocouples, 
Simply flip the selector proportioning. Accurate 6” and built-in anticipating pressure transducers, radi- 
switch. The new Series 400 scale ...famed no-contact control. Easy-to-read 5” ation detectors, resistance 
Capacitrol Indicators offer ‘Electronic Link’’...plug-in scale, plug-in components, bulbs and pyrometers. 
6” direct reading scale, and chassis. Sensitive, accurate compact size. Sensitive,de- Make Barber-Colman your 
high or low limits. and reliable. pendable and economical. control headquarterstoday. 


ope INNWNLLLLLUULLUOLLOAAAAAA 
BARBER-COLMAN COMPANY 


Wheelco Industrial Instruments Division 


Dept. U, 1517 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA Ltd., Dept. U, Toronto & Montreal * Export Agent: Ad. Auriema, Inc., S.Ys 








Sterico field engineers and engineering staff are available to help solve your hemes 2 8 control problems. Write us today. 








ACCURATE, EFFICIENT TEMPERATURE CONTROL 
UNITS FOR ALL PLASTIC MOLDING AND FORMING 


Model 6002 — Double zone unit to heat or 


cool wat 
Passage 
cnd 10 
to 255 


Mode! 6003 — Compact double zone unit 
design. for permanent installation... or 
where floor space is limited. Casters avail- 
able if desired. Heating ranges 60° to 
210° F d 100° to 250° F.; cooling ranges 
80° to > F 
Mode! 
furnist 
horizo 
ing r 
250° 


r and circulate it through mold 
Heating ranges 60° to 210° F. 
to 250° F.; cooling range 80° 


212 — Single zone unit. Can be 
'o operate in any one of four 
positions, when specified. Heat- 
s 60° to 210° F. and 100° to 
ooling ranges 80° to 255° F. 


Model 6031 — Triple zone circulating unit 
for roll take-off installations. Three separate 
heating control ranges from 60° to 250° F 
three cooling control ranges from 80° to 255° F. 


Model 6016 — High temperature single 
zone unit, Heat transfer fluids circulated at 
low pressure ...eliminates hazards of high 
temperature with high pressure, Heating 
ranges 100° to 550° F.; cooling controls 
available. 


Model 6007 — High temperature double 
control unit. Same specifications as Model 
6016, but with two separate heating and cir- 
culating systems. Cooling controls available. 


A COMPLETE LINE OF TEMPERATURE 
CONTROL peg! 


a) ‘ep Bo) 


Thermotroi-room Thermostatic 
Temperoture Traps 
Control 


INDUSTRIAL CONTROL DIVISION 


Sterling inc. 


5206 W. Clinton Ave., Milw. 23, Wis. 
Leaders in Temperature Controls Since 1916 


— 
Pumps 


ne 
Control 
Volves 
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Inset at left are Taylor RoBOTRON* Timer, 700T Poten- 
tiometer Transmitter and Dial Thermometers with high 
and low limit alarms, shown above installed at the Scran- 
ton, Pa., plant of Capitol Records, Inc. 


Taylor HELPS CAPITOL MAKE NEW RECORDS 


Automatic sequencing of Banbury Mixer insures 
uniform batches . . . increases production 15% 
Capitol’s problem was to insure uniform working 
of vinyl compound from batch to batch, to main- 
tain a consistent high level of quality and reduce 
rejects. The solution was a combination time and 
temperature control system for their Banbury 
Mixer, developed by Taylor and Capitol engineers. 


The system provides that at six steps, which could 
occur anywhere in the process, the process is 
under either time or temperature control—which- 
ever occurs first. Control System compensates for 
the varying thermodynamic level of the Banbury 


at 


and the consequent changing viscosity of the ma- 
terial. The ROBOTRON Timer also controls the 
raising and lowering of the ram, opening of the 
blender door, opening and closing of the dis- 
charge door and the operation of a pan below the 
discharge door. Another result was a 15% increase 
in production. 

Capitol Records, and other users of ROBOTRON 
Timers for Banbury Sequencing, report complete 
satisfaction. We'll be glad to supply names on re- 
quest. Ask your Taylor Field Engineer, or write 
Taylor Instrument Companies, Rochester, N. Y., 


or Toronto, Ontario. 
*Trade-Mark 


lor Lustrumenis 





EVERYTHING YOU NEED FOR AUTOMATIC 


PRESS CONTR 


... now available from “Taylor 


Type RM 88015 ROBOTRON* Timer. Matrix circuitry min- 
imizes wiring while permitting more functions and 
simplified mechanism. This timing control for plastic 
molding presses is so simple that cycle sequences can 
be set up in as little as 10 seconds without particular 
skill or familiarity. Makes all press operations fully 
automatic from start to finish. 


Taylor FULSCOPE* Controller. For twenty years the stand- 
ard of dependable, accurate control of temperature or 
pressure. Will hold precise temperatures throughout 
the processing of any compression molded product, 
from small batch to long continuous run. Control 
points easily changed for different products. 


Taylor FLEX-O-TIMER* Cycle Controller. Operates com- 
pression presses automatically at the push of a start 
button. Pneumatically and/or electrically actuates 
switches, valves, and performs many other operations 
involving temperature, pressure, mechanical motion, 
electrical energy or any combination of these. Settings 
can be quickly changed. 


No. 1078 Series—compact, piston-actuat- 
ed, for hot and cold service up to 400 
psi and 400° F. Sizes, 1”, 1%", 1%”. 
Ductile iron body and spider. 


No. 1000 Series—features reversible actu- 
ators for ‘air to open’ or ‘air-to-close’ 
service. Hot or cold service to 200 psi. 
Cold only to 400 psi. Sizes %4’ to 3”. 
Bronze body with Monel seat and disc or 
stainless steel bevel plug and seat of 500 
Brinell hardness. 


MEAN ACCURACY FIRST 





PROPYLENE - POLYVINYLCHLORIDE - PVC METALLIC 


PLASTIC FILMS - CELLOPHANE - POLY COATED CELLO- 


NUT 


FOR SLITTING ROLLS OF FILM 


WITHOUT REWINDING! 


313 UNICUT* This unique machine trims 
and cuts to various widths — but automat- 
ically performs cutting operation in one 
simultaneous motion in 15 seconds or less. 
Twin knives (for rough cut and trim cut) 
electronically controlled, ‘‘feel’’ their way 
through roll for perfect cut edges, smooth 
and free from flagging and fusing. Fea- 
tures: individual variable speed motor drive 
for both knives, and roll rotation; adjust- 
able cutting stroke speed; variable pres- 
sure control; automatic adjustable electric 
clutch drive and double-suction exhaust, 
chip removal system. You must see the 
UNICUT in action to realize what its total 
efficiency and profit-producing features 
can mean to your business. 


Also available with programming device for 
automatic width cutting. 
*Patent Applied for 


Call or write today for descriptive literature 
Oscar I. Judeishon inc. 
Master Machinery Makers for Over Half a Century 


406 TONNELE AVE.. JERSEY CITY 6. N. 3. @ SW 68-3388 
Sales Office: Empire St. Bidg.. N.Y.C. « WO 6-1030 


Forty Different Judelshon Machines Are Keyed for Your Every Need 


Custom Healen 


OF ALL TYPES 


MICA BANDS 
STRIP HEATERS 
CERAMIC BANDS 


for machine parts, liquids, air 


Since 1921 Industrial Heater Co., Inc. has 
produced electrical heating elements and devices 
to meet the specific needs of the user. This 
experience is at your disposal to help solve 
your heating problems. 


Write for literature 


INDUSTRIAL HEATER CO., INC. 


417-3 Canal St., New York 13, N. ¥Y, 











FREE 


\ CONTINUOUS-ROLL 
\ OPERATION 
KAY 
ANTI-WRINKLE 
SLAT 
\ EXPANDER 


By guarding your process- 
ing line against wrinkling, the 
Kay Slat Expander: 


1. Allows faster, more efficient 
machine operation 


2. Reduces losses through rejection 
3. Assures tighter, neater rolls 


4. Assures higher-quality printing and 
closer register 


Supplied with wooden slats for use at room 
temp. and aluminum for use in ovens, to 550°. 


Write for data sheet 


KAY MACHINE COMPANY INC. 


Expanders and Rollers 


136 Paterson Avenue, E. Rutherford, New Jersey * WeEbster 3-46/1 





VERSON 


PRESSES 


make plastics molding 
more profitable 


For molding jobs requiring press capacities of 50 tons 
or more, you'll profit from the production capabilities 
of Verson designed and built molding presses. These 
are the presses made by production-minded people to 
enable you to deliver better products at lower unit cost. 

Get in touch with Verson today, and ask to have an 
engineer go over your molding press requirements with 
you. It could be the first step towards greater profits. 





Originators and pioneers of 
alistee/ stamping press construction 


VERSON ALLSTEEL PRESS CO. 


9348 S. Kenwood Avenue, Chicago 19, Illinois *« 8300 S. Central Expressway, Dallas, Texas 
«* 


MANUFACTURERS OF MECHANICAL AND HYDRAULIC PRESSES AND PRESS BRAKES 
TRANSMAT PRESSES « IMPACT MACHINING PRESSES « TOOLING « DIE CUSHIONS 
VERSON-WHEELON HYDRAULIC PRESSES * HYDRAULIC SHEARS « PLASTICS MOLDING PRESSES 








See FRENCH for the finest in 


HYDRAULIC 
PRESSES 


for plastics 


A complete line in sizes to 4000 tons 
for compression molding, transfer 


molding and laminating 


There's a French Hydraulic Press that’s just right for your 
particular methods and materials—standard or custom 
made, oil or water, side plate or column type, self-con- 
tained or for use with accumulators. Semi-automatic con- 
trols and many advanced, patented features assure top 519 ton Transfer Molding Press; 30” 


bs , ' , troke; 38 to 60 . daylight; 34” x 
efficiency, top quality production and low cost operation. 3214" sented bo Dh ye ag FY 








Write us your requirements. Cees Saree. 














<ul 


175 ton press; 13%” ram diameter; 2450 400 ton press; 19%” ram diameter; 38” 300 ton Compression Press; 1912” dim 
P.S.1. working pressure. x 30” pressing surface; 2500 P.S.1. work- eter ram; 2000 P.S.I. working pressure 
ing pressure. 24” stroke; 28” to 52” adj. daylight; 

48” x 31” pressing surface. 


rench 
Write for complete information and - es a 

illustrated bulletins on French HYDRAULIC Ke "REPRESENTATIVES ACROSS THE NATION: 
Hydraulic Presses. PRESS Sue Boston — New York — Cleveland 


Chicago — Los Angeles 
DIVISION 


Akron — Detroit 


THE FRENCH OIL MILL MACHINERY CO. 
1000 Greene St., Piqua, Ohio 





VACUUM 
FORMING 
MACHINES 


a SS 


\ 

at & ‘al COMET LABMASTER 

“ee Automatic Double Platen 
Drape and Vacuum Mold- 
ing Machine. Permits full 
versatility of thermo-sheet 
forming. 


COMET STAR 


Snapback Forming, 
Pressure Forming, Me- 
chanical Forming, Light 
Trimming, all incorpo- 
rated into one ma- 
chine. 


_ae’ ai 


COMET STAR 

PRESS WITH 
' AUTOMATIC 
y FEED 


For in-line, high 
production of thin 
wall containers 
and lids. Vacuum 
Forms, Trims and 
Unloads Auto- 
matically at the 
Forming Station. 


COMET ROTARY-VAC 


COMET METEOR AUTOMATIC Z pe trey vacuum forming machine for high 
Economical Drape and Vecvem Form- COMET QUICK-PAK 
ine Machine. Completely a Fully avtomatic skin packaging, blic- Vacuum, Drape and Snap-Back Forming. Oper- 


f "age ator loads and unloads at one station — all 
For Vacuum Forming or Skin Packag- ter and vacuum forming in a compact, her operations fully aut tie. Also available 
mg easy-to-operate unit. with meen out 9 








Portrait ol as roti [ Maker 
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€ THE LIBERTY EMBOSSER: LAMINATOR > 


.. BY LIBERTY 


The Liberty Embosser-Laminator is an adaptable multi-purpose machine that will 
put you a step ahead in any market. This unit embosses, laminates and/or polishes 
vinyl-coated fabrics and/or unsupported film. The standard unit handles widths up to 
60” at speeds up to 35 yards a minute. Models to an 84” width are available. 

The Embosser-Laminator laminates vinyl to all fabrics — knitted-woven and non- 
woven in two or three ply in any combination. 

It can also be adapted to laminate poly-urethane foam to any type of fabric — a 
most versatile machine indeed. 








All Liberty machines are research-designed and proven in production. In addition 
to the Embosser-Laminator, Liberty designs and builds: 


e CALENDER TAKE-OFF UNITS: e POLISHERS 
e PRINTING MACHINES e COATERS 
e UNWIND UNITS e COMPENSATORS 
e REWIND UNITS e JAY-BOXES 
e SLAT EXPANDERS 


For any or all of the Liberty machines, prewired electrical panels can be provided. They are 
precisely engineered to meet all National Safety Council recommendations and can be built to any 
electrical specifications. 


Liberty engineers will be glad to discuss your needs with you and stand ready to render any 
technical assistance needed to see their machines into production. 


WRITE, WIRE OR PHONE TODAY! ARmory 1-7500 


Bi-jisa ,ana4 MACHINE CO.INC. 275 Fourth Avenue 


Paterson, New Jersé@y 











well make 
the press 


YOU NAME THE MATERIAL CHARACTERISTICS 


dust tell us the nature of the material—polyester, acrylic, fiber glass, rubber, or whatever—and give us 
your production specifications. We’ll build the right compression molding press to meet your needs. 


Erie Foundry regularly builds hydraulic molding presses in capacities of 25 to 4,000 tons. Our advanced 


design control systems will apply forces accurately and precisely, maintain platen temperatures within close 
tolerances, and perform molding cycles with split-second timing. Versa- 
tility is built in so that a wide range of molding jobs can be handled. 





Write now for your copies of our descriptive bulletins on Erie Foundry 
hydraulic presses for rubber and plastics, 


Hydraulic Press Division 
ERIE FOUNDRY co. ERIE, PA. THE GREATEST NAME IN 


FORGING ... SINCE 1895 








THE THROPP 60° MILL designed and buite for 


MAXIMUM EFFICIENCY — SUPERIOR PERFORMANCE 
— MINIMUM MAINTENANCE 


his extra heavy duty 60” stream- 

lined mill is designed and built 
in every detail to provide depend- 
able uninterrupted production under 
the rigorous service conditions en- 
countered in the Rubber and Plas- 
tics Industries. 








Built-in herringbone gear speed re- Thropp 22” x 22” x 60” Mill 
ducers, mounted on  anti-friction 
roller bearings, insure proper align- 
ment with master gear and pinion at 
all times. Fully enclosed frames and 


guards keep cleaning and mainte- 
nance costs down. 
Thropp 42”, 50”, 72” and 84” mills Wm. R. & Sons 


for the Rubber and Plastics Indus- Division of J. M. LEHMANN COMPANY, Inc. 
tries are also available. 572 NEW YORK AVE., LYNDHURST, N, J. 


Send for further information. 


— A PRODUCTION PUSHER — 








| ial 


HYDRAULIC PRESSES 


Built for you 


and 


your requirements 


Twin-C-Frame (250 ton) 
(winning friends in rubber molding) 
—others— 
Air-Hydraulic Metal Drawing 
Compression-transfer 
(Plastics) 

(We are proud of those we serve) 


The C. A. Lawton Company 


DePere 1, Wisconsin 








———— 











SCRAP GRINDING SCRAP CONVEYING 


ForEmMosT 


AUTOMATIC 
SCRAP RECYCLING SYSTEM 


BLENDING 
WITH VIRGIN MATERIAL 


TURN PLASTIC WASTE INTO PROFITS... 
Automatically 


Expensive scrap handling and storage may be seriously affecting your profit picture. You 


can solve this problem automatically with a FOREMOST Scrap Recycling System. 


The FOREMOST Grinder-Blender-Loader system virtually eliminates all plastic waste. Adapt- 
able to every method of thermoplastic processing, this completely self-contained system 
automatically collects plastic scrap at its source—grinds it—blends it continuously and in 
the proper proportions with the virgin material—and conveys this perfect mix directly into 
production. There is no loss of product quality, no scrap build up. Scrap is reused imme- 
diately—contamination danger is eliminated. 


iMPORTANT: Now you can upgrade your present scrap grinder into a FOREMOST automatic Scrap Recy- 
cling System at a very modest cost. Write for details today. 


Other quality FOREMOST products include... 
all purpose heavy duty grinders impeller loaders 
beside the press grinders 


hi-shear grinders for specialized : 
applications drying ovens 


Heavy Duty Grinder self-contained bulk handling systems mold fillers 


compressed air loaders 


Write today for information on the FOREMOST equipment which will meet 
your needs. 


Available through: The Rainville Company 


Garden City, New York—Offices in principal cities 


ForREmMOoSsT 


MACHINE BUILDERS, INC. 


83 Dorsa Avenue, Livingston, N. J., Telephone: WYman 2-0900 








TRIULZI 


INJECTION MOULDING MACHINES 














Mod. PLASTMATIC 30-40-80 


@ toggle clamping 








Mod. PLASTMATIC (40-170 


@ toggle clamping 





Mod. PREPLASTMATIC 12/350/2200 























@ fitted with screw preplasticizer @ the biggest in the world! 
PLASTMATIC = 
Some of our MODELS 20/2530 /40|40/60|80/110 | 140/170 \20/m" . 
Maximum shot capacity gw} 20 | 30 | 40 80 140 5 
(polystyrene) o 13/4] 1 | 1% 3 5 mo 
Kg./h 6 7 9 12 18 a 








Plasticizing capacity 

















Mod. PLASTMATIC 200-350-800 ibs./h | 13 15 20 26 39 . 
@ piston clamping Mold lecki f ¥. 15 30 40 80 120 
a us. toms. | 165 | 33 | 45 | 90 135 i 

Dry cycles per hour we | 480 | 720 | 1200 740 360 








(compl. cycle) 




















Mod. PREPLASTMATIC 2/100/400 P 








Mod. PREPLASTMATIC 300/40/150 


@ toggle clamping 





@ piston clamping 





° FOR THERMOPLASTICS NOVATE (MILANO) 


ITALIA 
t 3491661/2/3/4 
» OL OPERATED AUTOMATIC 3491785/6/7/8 
(rete di Milano) 


Telegr, TRIULZIPRES 
NOVATE MILANESE 


@ plosticizing capacity per hour: lbs 770 !! 


PREPLASTMATIC 


160/20/ |275/40/ | 300/40/ |600/40/| 1/100/ |2/100/| 2/100/ | 2/100/ |4,5/150/| 8/230/ |12/350/}20/400/ 
80 125 150 280 300 | 400P | 500 700 1000 1300 | 2200 | 3000 


160 275 300 600 1000 | 2000 | 2000 2000 | 4500 8000 | 12000 | 20000 
6 10 Tt 21 35 70%, | 70%, 701 159 282 423 | 7051, 
20 40 40 40 100 100 100 100 150 230 350 | 400 
44 88 88 88 220 220 220 220 330 506 770 | 880 
80 125 150 300 400 500 700 1000 | 1300 | 2200 | 3000 
90 140 165 330 440 550 770 1100 | 1450 | 2420 | 3300 





720 |240-—660/420-—600 350-600/ 240 | 360-—480/240-—420|240-—360/120— 180) 60—120 120 


Mod. PREPLASTMATIC 
4.5/150/1000 


e Ask Our Technical and Commercial Offices: 


They are at your complete disposal for any 
information, recommendation and guide 
for plants and processing. In our testing 
department you can make all moulding 
tests for the solution of your problems. 


@ with screw preplasticizer 








You get widest choice in the 





specify 

what you need with 
new “Building Block” 
Design 


YOU SPECIFY WHAT YOU NEED 


REED “Building Block” design is an entirely new concept in in- 
jection molding . . . modular construction that gives you more 
machine for your money. You no longer have to purchase fixed 
designs with limited capacity. Now you can “‘tailor’’ a machine 
from 16 different combinations of mold clamping and injection 
ends using a common base. 

This is what you’ve always wanted—an injection machine 
flexible enough to change with your needs. Modular design lets 
you select the best combination of link and injection ends for 
your operation. But that’s not all. 

‘Building Block”’ units are fully convertible . . . a real money 
saver. With a major change in your molding requirements, you 
don’t have to buy a completely new REED. The replacement of 
either end can give you what you want at terrific savings. 

All these new REEDS are SPI-certified for clamping tonnage, 
shot capacity, bolt hole and knockout patterns and locating ring. 
They have the exclusive new patented, monitor-type safety cir- 
cuit . . . hydraulic setup . . . plug-in type heating bands and 
thermocouples. ..floor-mounted electrical enclosure for pyrom- 
eters and timers. . . adequate cooling for high-speed opera: 
tion .. . all the design features you’d expect to find in a REED. 











OPTIONAL : 
HEATING : 
CYLINDERS : 
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FULL REED LINE 


add a 

Reciprocating Screw 
to your 

“Building Block” Unit 





A single reciprocating screw that plasticizes and injects all thermoplastic 
materials can be specified as an integral part of any ‘‘Building Block"’ machine. 
This new screw design is available in capacities up to 36 oz. 

With the REED reciprocating screw, you can expect: e Good color blending 
on dry mix e Good material and color changes e More effective injection pres- 
sures e Better homogeneity of the melt e Less orientation of plasticized 
material, giving stronger finished parts. 

Ask your Reed-Prentice Sales Engineer for full details on this reciprocating 
screw and the various ways it fits into the “‘Building Block” line. 





Standard REED Injection Machines 


175T—4/6 oz. & 175TL—4/6 oz. Long Stroke—For fast, automatic molding, you 
can’t beat these dependable models. They’ve been designed to give you what 
you want: quick hydraulic mold setup, fast plasticizing, extra injection capacity, 
automatic ejection, interlocked safety doors, and complete accessibility for 
simplified maintenance. Optional low pressure die closing units assure positive 
mold protection. 

600T—32-48 oz.—This rugged REED is built to stand up to continued tough 
operation, give you faster cycling with a prefill arrangement that boosts plunger 
speed. Large casting area will take big molds, and powerful alligator-type 
clamp develops positive mechanical locking pressure. Centralized panel puts 
controls at operator’s fingertips; separate steel cabinet houses electrical controls. 


“BUILDING BLOCK” UNITS STANDARD UNITS 





CONDENSED 
SPECIFICATIONS 


275TC- 
8/10 oz. 


350TC- 
12/16 oz. 


350TCL- 
12/16 oz. 


450TC- 


12/16 oz. 


175T- 
4/6 oz. 


175TL- 
4/6 oz. 


600T- 
32/48 oz. 





Mold clamping pressure, 
tons (SPI certified) 


275 


356 


372 


480 


175 


175 


600 





Mold clamping stroke, inches 


6%-11% 


7%-14% 


8% -20% 


5-8 


6-12 


24 





Platen size (W x H), inches 


27 x 27% 


32% x 32% 


32% x 32% 


22 x 24% 


22 x 24% 





Diameter of tie bars, inches 


3% 


4 


4 


3 


3 


6 





Space between tie bars 
(Wx H), inches 


16% x 16% 


20% x 20% 


13% x 13% 


26% x 30% 





Rated casting area, 
Square inches 


138 


178 


186 


715 


300 





Plasticizing capacity, Ibs./hr. 
Pet aha 


120 


150 


150 


75 


180 





Dry cycle time, seconds 





(30 HP) 6.37 
(40 HP) *4.87 





(40 HP) 6.76 
(50 HP) *5.78 





(40 HP) 7.75 
(50 HP) *6.62 











5.7 

















“Optional motor horsepower available on these units 


For information on any REED model, contact your Reed-Prentice Sales Engineer, or write directly to: 


REED-PRENTICE 


)FFICES: NEW YORK « CLEVELAND + CHICAGO « BUFFALO « DETROIT + KANSAS CITY « LOS ANGELES 


EAST LONGMEADOW, MASS. 


BRANC} 








First in America} 

-- Lifetime Guaranteed § 

i THRUST 
BEARINGS 


- - You CAN 


SHEETING DIE | 7 end bearing 


Shown on 
Model 2500 Extruder 


replacement 


FOREVER! | 


The Plastic Industry has for many years demanded a truly Economical and 
Practical Extruder design - - not just merely another “plastic pump.’ 
AKRON EXTRUDERS has met this demand with - - - 


Fifty-year, average life, Thrust Bearings - Dual Oil Seals - Mica 
Band, cast or extruded aluminum, Heaters - Valving Screws - 
Swing gate or quick opening clamps - Prewired and prepiped 


units are standard - Liquid or air cooled - Insulated Covers - 


neoe<t = ea ona o 


4 . “ss . . " D ad THRU 24" 
One piece Xaloy Liners. For additional information contact: BLOWN TUBING Dis 


(oo /,\ AKRON EXTRUDERS a | 
\! 7 Division SAMCO, Inc. ~ 3 3 
iy = 524 WINGERTER STREET ae 


AERON 14, OHIO 








COMPLETE REBUILDING - HARD SURFACING - XALOY LINERS 


ACCESSORIES - SCREWS THRU 10” AND 24:1 RATIO - DIES | NG DIES 











MIX YOUR OWN 


Phenolic Compounds —— Special Mixes 
PVC Powder Blends —— Epoxy Premixes 


Thermoplastic Blends —— Polyester Premixes 


wz proved savings SP r * D DEN S| F i 
to 15¢ per pound with 


Advanced Units For Filled Phenolic And Other Thermoset Compounds...And For PVC 
Powder Blending And Other Thermoplastic Blends...For The Entire Compounding Job 


Utilizing the principle of centrifugal force, the Speed Densi- 
fier’s perfect densifying action, at controlled temperatures, 
eliminates costly, time consuming premixing, hot rolls, tum- 
bling and cooling. Uniform phenolic material is ready for 
grinding upon discharge. Perfectly dispersed PVC powder 
blends are ready for extrusion on discharge from the 


Densifier. 


This complete, low cost, ready to operate installation com- 


bines heating, intense agitation and complete dispersion in 
one unit. Material can be processed for as little as 1c per lb. 
including labor, overhead and depreciation. Two sizes, the 
Model 200 and Model 400, offer exceptional capacities: 500 
and 1000 lbs. per hour when processing phenolic and other 
thermoset compounds, 800 and 1600 lbs. per hour for PVC 
compounds and 1000 and 2000 lbs. per hour for thermo- 
plastic blends. Total time cycles—2 to 6 minutes per batch 
depending on application. 


heat transfer jacket for mulling action is on side 
heating or cooling of bowl where action is 


automatically- 
controlled, air- 
Operated dis- 
charge door (cen- 
trifugal force pro- 
vides 10 second 
complete dis- 
charge) 


rugged drive rated well 


fastest 


scraper plows and grav- 
ity continuously breakup “J 
material rolled between 
wheels and heated bowl 


replaceable wear plows 
for turning over entire 
mass 100 times per min- 
ute 


rotating steel wheels 
(for “rolling” material 


A . onti l tween 
above machine HP.. . Mulitrol automatically con- continuously be se 

; wheels and heat-jack- 
for long, trouble-free trols the entire cycle 


service 


eted bowl) 





TWO MODELS CUT YOUR COMPOUNDING COSTS 





Model 200 Model 400 





Batch Capacity 

Batch Output (Phenolic Compounds) 
Satch Output (PVC Compounds) 
Aotor Horsepower 

nside Diameter of Bowl 





2 cu. ft. A cu. ft. 
25-40 Ibs. 50-80 Ibs. 
80 Ibs. 160 Ibs. 
10 H.P. 25 H.P. 
30” 36” 
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a complete line of 
LAMINATING PRESSES 


by Becker & van Hiullen 





® laminating presses—available with automatic load- 
ing, unloading, sheet handling 

® compression presses—in every type, every size 

® transfer presses 

® injection presses 

a 


press platens 
Becker & van Hiillen presses range from small 
laboratory models to huge units. Each is ruggedly 
built, dependable and available with any degree of 
automation. For all presses, there is a standard policy 
of assembly and operation prior to knock down and 
shipping. 


Becker and van Hiillen has the press you need with 
the features you want. Just write us desired sizes, 
pressures and operating conditions. We'll send you 
full information. 


Sole U.S. Representative 


KARLTON 
MACHINERY CORPORATION 


210 E. Ohio St., Chicago 11, Il. 


& VAN HULLEN 


TYPICAL PLASTIC PROCESSES 
S 


SPECIALISTS 
IN INDUSTRIAL COOLING 
for over 90 years 


WATER ECONOMIZER 
UNITS 


Extruders 

Platen Presses 
Printing Rolls 
Hydraulic Systems 
Injection Molds 
Vacuum Forming 


Embossing Rolls 
Plastics Mfg. 
Blow Molding 
Laminating 
Cooling Baths 


SPRA-BLAST Coated Fabrics 


COOUNG ROLLS 


MAYER experience 
can help you: 


stabilize product quality 
increase equipment productivity 
drastically reduce rejects 
secure faster start-up 


reduce down-time 
CHIL-ER 
RECIRCULATING 
UNITS : 
Bulletins on request 








= The Gun that 
Shoots Fiberglass 
VERSATILITY in REINFORCED PLASTICS! 
MAKING 


Or 
COATING 
Anything From 
SWIMMING 


To 
RIGID HUTS 


Using the SPRAY-BILT Gun, a 


rigid hut is made with rein 
forced fiberglass sprayed over an 


i. wae 
aae* 
i a ; 
- ———__ air bubble by a “‘Spray-Builder’’ 


of Harlan, Indiana, one of scores of businesses now capi- 
talizing on the new, big profit opportunities in “Spray 


REACTORS! 
Building.” 


In many diversified fields SPRAY-BILT for In-Plant use or operating as 
a “Spray-Builder’” dealer, the gun opens up new profit opportunities 
for you!l—And there’s a unit to fit your needs and pocketbook. Prices 
range from $3,195 up. 


-——— New! The “GLASPHALT” GUN! ——— 
Yes—GLASS and ASPHALT Shot From A Gun! 
The Ideal Roofing! The Ideal Coating! 
Low-cost, permanent coating for all 
roofing jobs! Equipment costs $2,500 to $4,500. 











INVESTIGATE NOW! Phone, write or Wire—TODAY! 


Main Office—3605 East 10th Court 
OXford 1-7931—OXford 6-1660 
HIALEAH, FLORIDA 


Baltimore Office: 4147 Hayward Ave. .. . MOhawk 4-3413-4 





PRODUCTION and LABORATORY MACHINERY by STEWART BOLLING 
embodies Advanced Design, Sound Construction, Exclusive Features 
and Production Potentials which will bring more profit to the 
producer in Rubber, Plastics and related products 


2 


INTENSIVE 4 
MIXERS ie : Rey aoe 
_ Laboratory e 130 and 275 
Lab-Production « 1200 


Production @ 3450 through 16000 


Diameters of rolls e 
2%" through 26” 


Roll widths e 
7” through 100” 


Standard or direct drives (direct drive shown). 
Eleven standard frame sizes. 


HYDRAULIC PRESSES 


Pump Units ¢ Elevators 


Slabside @ 20” x 20” through 48” x 48” 
4-rod « 14” x 14” and up 
Ring @ 22” x 22” through 48” x 48” 


y 
Se * 4 
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2-roll eWa 0 Ing 


S-roll § & Company, Inc. 
4-roll 3190 EAST 65th STREET, CLEVELAND 27, OHIO 





K-150 Dual-purpose extruder 


K-100 Dual-purpose extruder 


ECONOMY 
VERSATILITY 
PERFORMANCE 
DEPENDABILITY 


ION Extudew 


**Models not shown 


KILLION now 
makes available all 
the necessary com- 
ponents for any 

K-250 Dual-purpose completely inte- 
extruder : grated extruding 
plant. Write for 
complete specifica- 
tions on extruders 
and accessories— 

folder K61. 


SPECIFICATIONS FOR STANDARD 7x KILLION EXTRUDERS 
Model Number 
> ae K-150 K- K-350** 
Nominal Screw Diameter-—! ‘ : LF 2. : 

L/D Ratic J A : 24-1 24-1 
a “ ] . 1 
__*Recomme 1 Drive—H.P. 

Type of 1 INSMission Herri 
‘Screw Speed R . 15 - 120 - uU 
Materia Xaloy 
a. b , 
i. Heat treated alloy—flame hardened lands or nitride hardened stainless steel 
LL 
Number teati Z on Barrel 2 3 3 
Maximum ©utput—lbs.—Per ] 
Approxin Floor nches x} x 
—Approxim 'e Weight—Ibs. 120 400 1200 3500 


*Extrud 








dified to Meet Customer Requirements. 


EXT LION Tool & Manufacturing Company | 3.0520 S"s2h.Ne"e 088 5 000 





BLOWMOLDER 


Model 1246 
The Model 1246 is a completely automatic 
injection type blowmolder. One to ten bottles 
can be blown at one time, depending on size. 
Shot capacity is 4 to 6 oz., and plasticizing 
capacity is 125 Ibs./Hr. 


INJECTION MOLDERS 


New Modular Design 
New ‘building block’’ modular type construction. 
Full automatic from 1 oz. high speed container, 
up to and including 6—8 oz. Simplified, printed 
circuit electrical system features plug-in relays, 
limit switches, and timers. All machines with 5” 
to 12” adjustable clamps 
Plasticizing 
capacity from 
60 Lbs., to 125 Lbs. 
per hour. 


INSERT MOLDERS 


The Model 11 is a 3 oz. Duplimatic, designed for 
insert molding. Plasticizing capacity is 60 Ibs./Hr. 
The Model 12 has 4 to 6 oz. shot capacity, 
excellent for heavy duty insert molding. 
Plasticizing capacity, 80 to 100 Ibs./Hr. (Machine 
illustrated is Model 12.) 


The Moslo line of Plastic Injection Molding Machines offer economical, high volume 
production. Their versatility makes it possible to produce a great variety of industrial 
and commercial parts. Before you buy . . . investigate the Moslo line . . . Write for com- 
plete specifications. 


PROSPECT AVE. * CLEVELAND 15, OHIO 
Manu acluvexs of the World's Finest Plastic Injection Molding Machines 





















WALDRON -HARTIG | 


and auxiliary equipment: coating 
laminating 
film casting 
film blowing 
blow molding 
pelletizing 
plastic processing 











EXTRUSION COATING AND LAMINATING 


Waldron-Hartig provides fully integrated web processing trimming section, splicing section and turret-type rewind. 

systems. This example includes an unwind, splicing sec- Variations are available for almost any coating and lam- 

tion extruder and die, coater-laminator, cooling rolls, inating requirements on webs up to 120 inches wide. 
Write for Bulletin WM-61-6. 
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SHEETING LINE 


Waldron-Hartig film casting machines 
produce film in a wide range of 
gauges, in widths up to 72”, and at 
speeds up to 100 fpm. Auxiliary 
equipment includes plug-in slitters, 
detergent tank, conveyors between 
draw and polishing rolls, and shear 
cut-off or winders. 

Write for specification sheet SL72. 


FILM CASTING 


This Waldron-Hartig chill roll casting 
unit has two sections: extruder die 
and film processing. The latter is rail 
mounted for easy access to dies. The 
molten film sheet is processed 
through a series of rolls for chilling 
and surface treatment. Each roll is 
driven for precise control of results 


UNDERWATER PELLETIZER 


Complete pelletizing system includes 
pelletizer head, circulating pump, 
temperature-controlled reservoir, vi- 
brating screen separators, air heater, 
blower separator, ductwork, and cut 
ter blade sharpening fixture. Track- 
mounted unit stays aligned when 
retracted. Bath section design pre 
vents pellet hang-up. Shape of pellets 
can be controlled. Access door has 
window for visual inspection during 
operation. Outputs from 100 to 7000 
Ibs/hr. 

Write for specification sheet WP3. 
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View of Hartig laboratory showing in-line blown film and bag printing operation. 


WALDRON-HARTIG LABORATORY FACILITIES 


The Waldron-Hartig laboratory at our Mountainside, 
N. J. plant is available to customers and prospective 
customers on regular schedules at nominal fees. It 
is equipped to compound, pelletize, devolatilize; to 
make blown film and water quenched film; to blow 
mold; to extrude pipe or profiles; and to handle a 
wide range of other processes associated with ex- 
trusion of thermoplastic material, such as extrusion 
coating and casting. 


Another Waldron-Hartig laboratory, equipped for web 
processing—coating, laminating, etc.—is located at 
our New Brunswick plant and is available for test 
and development work. Together these facilities re- 
present an important asset to the plastics and 
related industries, and an important reason for 
Waldron-Hartig’s growing reputation for ‘technical 
competence in plastics processing equipment." 
Write for Bulletin LF-1. 





The Hartig pre-plasticizer, extruder is supplied in 
114”, 244”, and 314” nominal sizes with melt capac 
ities of 90, 250, and 500 Ibs/hr. It features an SAE 
4140 steel feed screw with flame hardened flights: 
cast Xaloy 306 lining integral with cylinder barrel 
feed throat jacketed for cooling; tapered roller 
thrust bearing, continuously lubricated, with a B-10 
life of 25,000 hours under rated operating con 
ditions; prewired electrical contro! cabinet. 
Write for specification sheet 15-P5. 





The standard Waldron-Hartig extruders listed below will serve for most extruder applications. Your choice is not limited 
to these specifications; we can readily adapt standard machines or provide special ones for practically any requirement 





Size Model L/D Nominal Heat on Heating Thrust Bearing Floor Motor 
(inches) Ratio Capacity Barrel Zones B-10 Life Space Drive 
(Lb/Hr) (KW) (Number) (Hrs. at 5000 PSI Allowance (HP) 
& 100 RPM) (Feet) 
1 
i 15T20 20:1 63 9.0 2 55,000 AY, x AY, 71-10 
' 15T24 24:1 72 13.5 3 55,000 414 x4, 714-10 
2 
a 25T20 20:1 175 15.3 3 ) 65,000 5, x5 20-40 
. 25724 24:1 200 20.4 4 65,000 514 x5 20-40 
3, 35T20 20:1 342 27.6 3 (2) 36,000 8x6 40-75 
2 
35T24 24:1 390 36.8 4 36,000 8x6 40-75 
ay, 45T20 20:1 565 46.5 3 t<) 17,000 10x 7 60-100 
2 
45T24 24:1 650 62.0 4 17,000 10x 7 60-100 
P 60T20 20:1 1000 76.5 4 ‘ 17,900 131% x 7! 125-200 
60T24 24:1 1150 95.5 5 17,900 1314 x 7} 125-200 
8 80T20 20:1 1780 120 5 (2) 16,000 1614 x 6! 200-300 
80T24 24:1 2000 144 6 16,000 1614 x 6Y4 200-300 


(1) HR’S B-10 Life calculated at 10,000 PSI 
(2) Tandem bearings available for 10,000 PSI operation 


technical competence in plastics process machinery 


r 
WALDRON-HARTIG, Box 531, Westfield, N. J./a division of Midland-Ross Corporation |, f R 

















HYDRAULIC PRESSES 


MOTOR DRIVEN UNITS ARE COMPLETE 
AND READY FOR OPERATION 


HOBBING 





100 TON $ 2,360. 
200 TON $ 2,662. 
500 TON $ 3,750. 
1000 TON $ 7,822. 
2000 TON $24,189. 





25 TON !12x12) __ go g76 


| Md COMPRESSION MOLDING 
nl (18x18) 
‘im | 






(20x20) 
150 TON (24x24) — $6,497 


200 TON (24x24) — $7,072. 


50 TON (20x20) $3,996. 
75 TON (20x20) $4,657. 
100 TON (20x20) $5,474. 


300 TON (24x24) $7,797. 





TRANSFER MOLDING 


25 TON . $6,325. 
50 TON . $7,705. 
75 TON $7,935. 
100 TON $10,114. 
150 TON $11,097. 
200 TON $11,436. 
300 TON $14,921. 





FIBREGLAS MOLDING 
Model 1-R 





(12x12) 
25 TON rer 

50 TON . (20x20) 

75 TON . (20x20) 

100 TON . (20x20) 
(20x20) 

150 TON vey 
200 TON . (24x24) 
300 TON . (24x24) 


PRESSES BUILT TO ORDER FOR SPECIAL APPLICATIONS 


IMMEDIATE DELIVERY 


Moot®\ 


HYDRAULIC PRESS CO. 


780 ROUTE 3 . CLIFTON, N.J. 
PRescott 7-0503 











LEADING 
JAPANESE 
PLASTIC MAKERS 
COVERING 

ALL PHASES 
FROM MATERIALS 
TO PROCESSING 
MACHINERY 


PROCESSING MACHINERY 


. Calender 
.. Injection Moulder 
.. Blow Moulder 
.. Vacuum Forming Machine 
... Film Inflation Machine 
... Extruder & Auxiliary Equipment 
.. Embossing Machine & Roll 
... Laminating Machine 
... Printing Machine 
.. Welder 


.. All other Plastic Machinery 


MATERIALS AND PRODUCTS 


... P.V.S. Resin 

.. ““Hi-zex”’ 

.. P.V.C. Products 

.. “Hi-zex"’ Finished Products 
... Plasticizers 

... Polyvinyl Alcohol 

.. Vinyl Acetate 

.. Silicon Resin 


Please refer inquiries to - 


MITSUI & CO., LTD. 


(MITSUI BUSSAN KAISHA, LTD.) 


2-1, Shiba Tamura-cho, Minato-ku, Tokyo, Japan 
Cable Address: MITSUI TOKYO 
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in ONE EASY STEP! 


One machine does the work of an entire factory . . . 


SLASHING TIME AND LABOR COSTS 


CUTTING @® HEATSEALING © EMBOSSING 
BAGGING & REMOVAL OF SCRAP MATERIAL 











Entire fabricating process is electronically KABAR “oe rect Line’ AUTO —— MA 
automated and controlied. Maximum CHINES are custom des igned for cat 
speed and precision maintained at every Zw any or large plastic — he on 
stage of fabrication. NO WASTE NO ade of THE RMOPL ASTIC MATERIAL, 


INVENTORY NECESSARY. Every product is FLEXIBL E, UN SUPPORTED RIG 1D SUP 
beautifully, perfectly finished inside and PORTED, LAMINATES, COATED MATERI 


ALS, ETC 
TOYS & RING BINDERS ADVERTISING 
NOVELTIES & STATIONERY SPECIALTIES 
SPECIALTIES 
HANDBAGS PERSONAL 


THERMO ines CL ITEMS 























| CT aa MANUFACTURING CORPORATION 


180-B BABYLON TURNPIKE ROOSEVELT, N. Y. 


, TOTAL AUTOMATION IS HERE!! 


transform raw material into finished product 


LUGGAGE, 
PACKAGING, 
APPLIQUES, ETC. 


FReeport 9-4900 











AUTOMATION IN ACTION 


Materials are fed into the machine 
——— products come out from an- 
other ction while ie 










rap material 











KABAR AUTOMATION 


fommpnnente eliminates production 
— and cost problems gives you 
omplete independes ce as & man- 
— GREATER 
PROFITS Bo ony EVER BEFORE 
ill facts 








TESTING INSTRUMENTS 


FOR 


MECHANICAL 
PERMEABILITY 
THERMAL anpd OTHER 
PROPERTIES OF 
PLASTICS 


\ 
Included \ 












in our Catalog 
is the Dow Gas 
Transmission Cell 
and Console (ASTM 
D-1434) as depicted. 
Check our Testers 
and CSI Service (D=- 
sign-Engr.-Mfg.) on 
special units for your 
testing problem. 


Brochures and Price Upon Request 


CUSTOM SCIENTIFIC INSTRUMENTS, INC. 


541 DEVON ST. KEARNY, N. J. 
WYman 11-6403 











PREDICTABILITY - 


A Key to Reliability 


Advanced technologies demand accu 
rate predictions of performance in 
tools as well as materials. Predictabil 
ity in tools used is basic to reliability 
in products made 


CRATEX RUBBERIZED 
ABRASIVES can be 


used with com- 
plete confidence. They will perform 
as expected — engineered for the most 
delicate and sensitive applications in 
Deburring, Smoothing, Cleaning 


and Polishing. 


Sold through leading 
Industrial Supply Distributors 


FREE! sc 


( tex Application Ma 


CRATEX 


MANUFACTURING COMPANY, INC. 


600 R 
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Reifenhauser 
Extrusion Plants 
for the Manufacture 


fe) MOL) wutler-h(-lemealci-1ilale, 


Reifenhauser Kft 


Maschinenfabrik Troisdorf/ West. Germany 





Representative for sales and 
service in USA and Canada: 


REIFENHAUSER U.S. SALES CORP. 
111 Eighth Avenue 
New York 11, N.Y. 


















e Mills e Presses 

e Autoclaves e Extruders 
e Calenders e Banburys 
e Mixers e Vulcanizers 


ENGINEERING * REBUILDING > MANUFACTURING 


Reliable specializes in rebuilding all types 
of plastics and rubber machinery. 
All rebuilt equipment is guaranteed. 





wire or telepheo ne 


o< 






OUGHT and SO 


RUBBER & PLASTIC MACHINERY CO., INC. 


2008-14 Union Turnpike, North Bergen, N. J. UNion 5-2850 


Plastic Preheat and Drying Ovens | FARTS ert ait: 
with Dehumidifier by YOtsam 








Remove Stock Faster, 
Save Man Hours, 





28 SIZES AND 
MEDIUM OR FINE MESH 


SHAPES 


Lower Your coanse 
Costs 





LONG 











ie uv 





For fast stock removal, pre- 
polishing or final polish, Engis 
Diamond files save costly man THE DI-PROFILER 


hours by operating at higher Although Engis Dia 
mond Files can be used 


A new preheating and drying 
oven series by Despatch eliminates the 
production problems previously encountered from variations in 
weather by the addition of a dehumidifer. Simple, accurate, 


automatic operation and a wide range oy a & .. This drawer speeds. The accurately graded manually, cutting action 
type oven (150°F.-450°F.) is one of the PLHD series for pre- diamond particles are metal is much faster and more 
heating and a | injection, extrusion, compression and bonded with points exposed precise when used with 
transfer moldings. Recommended for granular, Zytel, Lucite, the Di-Profiler Recipro 


for best results. Sizes, shapes 


Plexiglas and Tenite etc. cating Hand Machine 








Write today for complete PLHD series and grits are especially which provides vari 
covered in bulletin No. 201-1 AM adapted for use on carbides, a sagem and ot 
heat treated steel, ceramics oil pose Tagg Yh 
mn a =— and all hard coated metals. detail 
‘rr. ° =F 
it ty cll =I [ Write for complete price list No. FM-91 
: Steril 
} Laboratory ovens om) 4 oe ‘. HYPR v4 DIVISION 
b Pot-type CE) ° Box ar ENGIS €E 
furnaces Ry furnaces |} i] Walk-in batch ovens QUIPMENT COMPANY 
L DESPATCH OVEN CO. 619 S.E. 8th St., Minneapolis 14, Minn. 431 South Dearborn Street, Chicago 5, Ill. 
eed Ate 
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JUST PULL THE TRIGGER... 


SEALZIT 









£. - 


A combination of properties unobtainable 
in any other reinforced polymer applicator. 


AVAILABLE 
IN MODELS 
MV, SV, BV. 


@ The only reinforced plastics applicator which will apply lami- 
nate in any direction. Virtually eliminates waste. Directional 
control is so accurate that raw material waste may be reduced 
80%. Overhead laminates may be sprayed as efficiently as ver- 
tical surfaces or floors. Seaizit applicator is not dependent on 
gravity to deposit the plastics laminate on desired surfaces. 


@ Reliable catalyst injection integrally designed and built into 
plastics applicator. Just dial a number once to obtain accurate 
and uniform quantity control of catalyst. 


@ Easiest cleanup imaginable. Upon completion of spraying, 
open “‘flush"’ valve to inject a few drops of solvent into the air 
Caps and remove even trace quantities of catalyst from appli- 
cator. Séeaizit applicators need not be disassembled to clean if 
properly flushed after use. 
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By an exclusive patented process, continuous fibres are cut and 
pulled into a venturi tube, then ejected through a center nozzle, 
fanned out into a desired pattern and instantly enveloped by liquid 
plastic. This plastic envelope eliminates fibre glass waste, im- 
proves wetting, makes it possible to produce low fibre glass 
content laminates without rolling and virtually eliminates per- 
sonnel contamination. 


SEALZIT COMPANY of AMERICA 


subsidiary The Flintkote Company 
3640 Chicago Avenue, Riverside, California 


Please send information on Sealzit Reinforced 
Plastics Applicator. 


NAME 


tA trademark of The Flintkote Company. 

*U.S. patent applied for. The Seaizit gun is manufactured under the following 
U.S. patents: 2,787,314; 2,933,125 and 2,812,751. Other U.S. patents pending. 
Patented in Canada. World-wide patents pending. 
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WERNER & PFLEIDERER 


SERVE THE WORLD'S 
PLASTIC INDUSTRY 
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Twin-Screw Devolatilizing Dispersion Extruders. Tys 


operation for compoundir g high-density polyethy 


face-cutting) 


Machines and complete installations for compounding plastics 


have been our speciality ever since plastics were manufactured 
Through intensive development work in close cooperation with 
leading plastics manufacturers all over the world, we have for 
a long time been among the pioneers and leading suppliers in 
this field. Today we are able to offer complete installations from 
premixing to pellet-cooling and drying. Standard set-ups are 
available for many materials, processes and plant sizes. For 
special requirements we also provide the necessary engineering 


to suit the given conditions and purposes 


High speed pre-mixers 


The Turbo-Rapid-Mixer has found wide acceptance for dry 
blending and dry colouring due to such features as good pre- 
dispersion, short cycles, easy cleaning 

Mixing and disagglomeration is achieved in the high-speed 
aminar flow of material produced bythe specially shaped turbine 
agitator 

Available in two sizes TR 100 and TR 400 with 3.52 cu. ft. and 
14.1 cu. ft. working capacity (batch weights of 110!bs and 440 Ibs) 
of plasticized PVC, with two-speed drives of 32/40 HP and 

81/135 HP motors respectively 








Internal mixers 


Improved design of the standard, Banbury-type rubber and plastics mixer for intensive mixing, knea- 
ding, homogenizing in the production of master-batch and polyblends. With 4-bladed rotors for short 
cycle times and good dispersion. 

Forged shafts, antifriction bearings, big cooling surface allow extremely high power inputs; split 
design, interchangeable mixing chamber for reduced down-times, convenient maintenance and overhaul. 
Drop door (optional) for complete and rapid discharge, clean operation. 

Available in many sizes between 0,71 cu. ft. and 7,1 cu. ft. with drive capacities up to 1800 HP. 


The plastificator 


A special single-purpose machine for continuously compounding and pelletizing plasticized PVC, which 
is ideally suited for processors of PVC to do their own compounding (cable manufacturers; custom extru- 





ders), as well as for raw material manufacurers to split up their compounding installation into separate 
color lines 

Output: up to 500 Ibs/h, motor rating 25 HP. 

Color change: less than 15 minutes. 


Twin screw devolatilizing dispersion extruders ZSK-Type (PATD.) 


Self-cleaning screws for color changes without opening the machine, long runs of several weeks without 
stopping (no deposits with subsequent degradation in screws) safe and reliable devolatilizing. 
Kneading-discs (also self-cleaning) for maximum kneading and dispersion effect, excellent homogeni- 


zation. Interchangeable screw elements for semblies in accordance with the require- 










ments of product and process. 

Surplus mechanical strength for dependablé 
Ct Sizes: 3%” dia., 43” length, 81 HP 
4°" dia., BQ" length, 200 HP 

The decisive advantag 


ion, rare shut-downs. 


unmatched versatility in 
application as wel rompt and complete ser- 


vice, have contgibuted to making: ne of Ps ever designed for the 


. Service 


We offer to you any kind of service you may expect according to highest American standards. 

The development and research teams of our parent company in Stuttgart/Germany, as well as their 
excellent laboratory facilities, are at your service for any processing problems connected with compoun- 

, ding plastics which you submit to us. All information we obtain regarding your process is kept in strict 

confidence. 

Spare parts are available from our own service center combining workshop and warehouse with a stock 

providing for each machine-type supplied to the US all parts, with the only exception of such items as 

machine frames or housings. 


Available in the US are only machine types which have stood the test in strenuous round-the-clock pro- 


p duction in Europe. All models for export to the United States are designed to comply with US standards 
. as far as possible, using US-made motors and instruments. 

d 

) 

d 


WERNER & PFLEIDERER CORPORATION 


500 5th Ave. NEW YORK 36, N.Y. Tel. LAckawanna 4-1226 


A subsidiary of Werner & Pfleiderer, Maschinenfabriken, Stuttgart-Feuerbach, West-Germany 























PRESSES FOR EVERY PURPOSE | 
Standard or Custom built presses in any size or capacity. Le 


Try Them For Performance— Buy Them For Profits! t i 
Send for catalo 15 Semi Automatic Laboratory Press |i 
a ll 


25-100 Ton Capacity 









matic Laminating Press 
300 Ton Capacity Platen Size 12x12. 24x24 
12x12 36x36 Platen size 

500 Ton 


Hobbing 
Press 


Multiple Opening 
-~ Laminating Pre 30-50 Ton 
Bench 
Moldin 
g Emery Wheel Pre 
Press of 
).600 Ton Capacity 





Platen 14x] 4.30x3¢ 


CLIFTON HYDRAULIC PRESS Co. 


PMECTIYot my (elit Mii mab Acciacca; 
294 ALLWOOD ROAD CLIFTON, N. J. 











complete series of carbtde-tipped saw blades 
that make others obsolete! 


Exclusive Kerf designs make every Forrest Blade a precision cutting tool 


Forrest, through advanced engineeering, now produces an individual -++Where other blades have failed, Forrest now succeeds. Proof 
blade for each specific cutting problem on any type of plastic of the remarkable “Plasti-Kerf” Blade is yours by sending a sample of 
These blades eliminate vibration, chipping and give perfect burr-free your material for Forrest's own laboratory cutting evaluation. Your 
edges for jointing product will be better with less waste at less cost when cut with a 


Forrest Blade 
Unique in performance, Forrest can provide either inserted or 


gullet tooth carbide-tipped designs for cutting thin wall to heavy See why plastic manufacturers say, “There’s no other blade like it.” 
sheet material. For the fastest, most accurate cutting available use 
“Plasti-Kerf” on your next production job 


FOR REST wawracturinc company inc., 233 HIGHWAY 17, RUTHERFORD, W. J. 
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screw-type 
plasticizer 


Here is a new machine de- 
signed for high product uni- 
| formity and strength and 
~ Sra) a / é ik excellent color dispersion. 
SS Ideal for running heat-sensi- 
tive materials because they 
are worked mechanically. 
Can be supplied with three 
different screws for molding 
different materials. 


These two new machines mean 


selectivity 
unlimited 


on your injection molding requirements 


plunger-type 
plasticizer 


All-new machine for molders 
requiring a normal straight- 
shooting machine of ad- 
vanced design. Delivers high 
output with low cost and min- 
imum maintenance. Will mold 
a great variety of products 
with excellent dimensional 
stability and fine surface 
finish. 





Suggestive of the unusual degree of selectivity available to you k A R R Ee L 


at Farrel Watson-Stillman are the two new 12 to 20 ounce machines 
illustrated. Each has advantages depending on the needs of the WATS oO Ne 
individual molder. The screw-type version, for example, assures 

high quality in molding the more difficult types of plastic materials 


...can be ordered with a choice of 41 optional features! The STi LLMAN 
— ® 


plunger-type machine has appeal for those interested in a normal 
straight-shooting machine. 














Send for details and specifications of these versatile machines, © HORIZONTAL INJECTION MOLDING MACHINES 
Ask for a copy of bulletin 601. 5 to 500 ounces 
, @ VERTICAL INJECTION MOLDING MACHINES 
1 te 22 ounces 
FARREL-BIRMINGHAM COMPANY, INC. > aenetiiiiaiess 
WATSON-STILLMAN PRESS DIVISION 50 to 1200 tons 
565 Blossom Road, Rochester 10, N. Y. Telephone: BUtler 8-4600 © mya eae PRESSES 
Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. © LABORATORY PRESSES 
Sales Offices and Agents in all Principal Cities 30, 50 and 100 tons 
European Office: Piazza della Republica 32, Milano, Italy © GENERAL PURPOSE PRESSES, PREPLASTICIZING UNITS, 
Represented in Canada by: Barnett J. Danson, 1912 Avenue Road, Toronto, Ontario” LAMINATING PRESSES, SPECIAL MACHINERY 
Represented in Japan by: The Gosho Company, Ltd. 
Ws.84 Machinery Department, Tokyo, Osaka, and Nagoya 
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MAKES EVERYTHIN 
FOR EXTRUSION 


_..extruders from 1 to 12” 
and complete < 
extrusion systems 











No matter what your plastic extrusion pro- 
duction might be, you'll find an MPM unit is avail- 
able to help you do the job. MPM builds the complete 

size range of extruders and has the specialized engineering 





experience to build your complete system as well. More informa- 
tion? Just send for our latest bulletin. 













































































































































































EXTRUSION LAMINATION SYSTEM. For 
coating of paper, cellophane, foil and 
other materials. Complete package 
unit. 


ET EXTRUSION SYSTEM. For Sty- 
rene, Polyethylene, Polyvinylchlo- 
ride, Polypropylene and other resins. 
Various thickness ranges available. 
Widths to 72”. Completely self-con- 
tained package with the latest design 
improvements. 


BLOW MOLDING. Complete package 
system with extruder and molding 
machine manufactured in our own 
plant. High speed, economical pro- 
duction with most thermoplastic 
resins. Several models available—air 
or oil hydraulic with accumulator as 
standard. 


FLAT FILM. Extrusion chill roll cast- 
ing line. Complete self-contained 
package for Polyethylene, Polypro- 
pylene and Viny! film widths up to 
120”. Embossing attachment avail- 
able. Tubular film systems also avail- 
able in any width. 


MONOFILAMENT Complete monofila- 
ment extrusion lines with pump die 
heads, a selection of Godets, draw- 
ing ovens and spoolers. For all ther- 
moplastic resins. Multifilament 
equipment also available. 


Modern Plastic Machinery Corp. 


64 Lakeview Avenue 


Clifton, N. J. 





on 


a 
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EQUIPMENT FOR 
MONOFILAMENT 
















A 














SHREDDERS 


for all flexible and rigid foams 


NEW STR 60 
EXTRUDER 


(poly-ethers, esters, styrenes, etc.) 


MATER 


3 MODELS 
5 to 40 HP. 


Cc 


PELLET BLOCK SHREDDERS | 
EQUIPMENT FOR 
THE MANUFACTURE 


OF RIGID PIPES —break apart blocks 


formed by gelled pellets 


ae te SD me 


POLYETHYLENE 
BLOWING EQUIPMENT 





DIE PRESSES 


—for steel rule die cutting 


BOTTLE BLOWING 
EQUIPMENT ; ae 
—for blister trimming 


Up to 60’ x 40” x 24” daylight 


PRESSURE FORMING PRESSES 


for sheets to 48’ x 72” 
TO 250 TONS 


ORMONT 


MACHINE CO., INC. 
687 Broadway 
New York 12, N.Y. 
Telephone: SP 7-3360 





EQUIPMENT FOR THE 
MANUFACTURE OF 
BLINDS AND PRO- 
FILES IN GENERAL 


THE RAINVILLE COMPANY INC. | 






uy VC BLOWING 
EQUIPMENT 





~~ 
{cS 


ce 
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BUILDERS OF 
BETTER BOILERS 
SINCE 1885 47 


4 


+ 

+ 
v 
: 
- 
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ORR & SEMBOWER, INC. 


825 Morgantown Road, Reading, Pa. . . . Since 1885 


WORLD LEADER IN PACKAGED AUTOMATIC BOILERS AND BURNER SYSTEMS 





Powermaster Model PF 





Powermaster Model 3 


O&S Fuel Burning 





Systems 


Orr & Sembower packaged automatic boilers are built in the United 
States, Canada, Mexico, Brazil, England, Belgium and Australia. Sales 
offices and service representatives are in every major marketing area 
in the United States, Canada and South America as well as in most of 


the free countries throughout the world. 


POWERMASTER POSITIVE FLOW® BOILER—Model PF 


Greatest advance in packaged firetube 
boiler design in seven decades! Avail- 
able in 50 to 100 hp sizes in oil, gas and 
combination gas/oil models 

Features: Positive Circulation design 
permits boiler feed injection and natural 
thermal circulation to augment each 
other This provides tl maximum 
water circulating rate with the most 
efficient form of heat transfer, counter- 
flow. Side Located Furnace eliminates 
danger of heat damage due to stagnant 
water and sludge. Turn-around spaces 
are simple, accessible and positively 
sealed. 


POWERMASTER MODEL 3 


Low Pressure and High Pressure De- 
signs for Heating, Process or Power 
Requirements 


\ quality boiler noted tor 
ability, high 
operation 


its depend- 
efficiency and low-cost 
Available in 125 to 600 hp 
sizes, and in oil, gas, and combination 
gas/oil models 

Highest Efficiency—(Guaranteed mini- 
mum 80% efficiency on all fuels at any 
load from 20% to 100% of 
capacity 


rated 


5 to 1 Turndown—An O&S exclusive 

Gives you equal firing efficiency from 
20% to 100% of full firing rate or any 
load in between, resulting in fuel sav- 
ngs at every operating rate 

High Fuel Savings— More Uniform 
Product Quality— [Exclusive modulating 
firing control delivers perfect fuel/air 
mixture automatically, resulting in 1m- 
pressive fuel savings at all firing rates 
Pressure or temperature is kept con- 


Hinged Front and Rear Covers, with 
quick-opening fasteners (no bolts). 
Front can be opened for access to heat- 
ing surface without disturbing burner, 
wiring or piping. Rear provides excep- 
tional ease of accessibility and mainte- 
nance. All these features plus: exclu- 
sive 5 to, 1 turndown and modulating 
firing control, 3-pass design, 5 sq. ft. of 
heating surface, finest automatic con- 
trols, exclusive PyroFlow® burner that 
is unmatched for dependability and 
flexibility 


Write for Bulletin 1275. 


stant at all loads, resulting in more 
uniform process and in improved prod- 
uct quality. 

3-Pass Design—5 Sq. Ft. Heating 
Surface— Efficient three-pass design ex- 
tracts maximum heat from combustion 
gases. Number and diameter of tubes 
in each pass is engineered for most 
efficient gas flow. Flue gas outlet is at 
the rear where it belongs. Five square 


feet of fireside heating surface per 
boiler horsepower (greatest amount 


offered in any packaged boiler) handles 
rated load with ease, assuring trouble- 
free operation and continuous uniform 
output. Dry steam is generated at 
minimum 99.5% steam quality. 

Safe, Fully Automatic Operation— All 
models equipped with finest automatic 
operating controls. Entire unit ap- 
proved by Underwriters’ Laboratories, 
Factory Mutual, FIA or Canadian 
Standards where they apply. Write for 
Bulletin 1260. 


POWERMASTER MODEL 5 (Not Illustrated) 


Low Pressure and High Pressure De- 
signs From 20 to 100 hp Sizes in Oil, 
Gases and Combination Gas/Oil Models 


\ low cost boiler incorporating many 
of the high quality features of the Model 
3. Its extraordinary ease of operation 
and dependability commend it for small 


plants. Available in high pressure for 


O&S FUEL BURNING SYSTEMS 


Feature for feature, O&S Fuel Burn- 
ing Systems are indisputably the world’s 
finest and most efficient fuel burning as- 
semblies They deliver extraordinary 
fuel savings at all firing rate, often pay- 
ing for their investrnaent in a matter of 
months. They have the widest straight 
line turndown rate, maintaining a higher 
efficiency over a wider range than any 
other burner system. On oil burning 


power and process, and low pressure 
steam or hot water for comfort heating. 
Oil burner is a mechanical pressure 
atomizing type designed for burning 
light oil. Gas burner is the same pre- 
mix burner furnished on the Model 3 
that delivers impressive fuel savings 
throughout the entire range. Write for 
Bulletin 1265. 


and combination burners, their air 
steam atomization principle handles 
heavy No. 6 oil with unequaled ease, 
cleanliness and dependability. No other 
burner system is as complete as the O&S 
system. They are by far the easiest and 
most economical to install as all auxili- 
aries and controls are factory assembled 
and tested. 


Write for Bulletin 1255. 
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PLASTIC 
PRESSES 
and large 
BLOW MOLDING 
EQUIPMENT 


Compression, 
transfer molding 
and laminating presses 





Large Blow Molding Equipment 
Each is individually engineered 
to meet your production or 
laboratory requirements. Discuss 
your press problems with 
experienced WW engineers. 


WILLIAMS-WHITE & CO 
600 Third Ave., Moline, Ill. 
The measure of 
Performance Reliability for 
more than a century. 














Beat Competition with Better 
Products and Prices .. . using 


THERMOLATOR’ 


MOLD 
TEMPERATURE 
CONTROL 


Scrap vanishes, Production 
Rate rises phenomenally . . . 
Quality improves to a new 
high standard. You get 
Better Products for Less. 
Only THERMOLATOR em- 
ploys scientific input con- 
trol to prevent temperature 
“over-run”™ and costly waste. 


e 100% Automatic 

e All Parts Easily 
Serviced 

e Built To Last 
(The First 
THERMOLATORS 
ever built are still 
going strong.) 















ee 
Write for Descriptive Folder 


INDUSTRIAL MFG. 
CORP. 


31 E. Georgia St. Indianapolis 4, Ind. 























Pantex Speedylectric Steam Generators 
in W. R. Grace Plastics Research Centers 





SERVING AUTOCLAVE IN POLYMER CHEMICALS 
DIVISION, CLIFTON, NEW JERSEY 


Space economy, quick response, precise control ind 
flexibility influenced the engineers of W. R. Grace & 
Company to instali a Speedylectric Steam Generator ir 


the Technical Service Laboratories at Clifton, New Jersey 
and two years later to purchase a larger unit for the 
Washington, D. C. Research Center 


PANTEX MANUFACTURING CORP. 


Request bulletins SG-100 SPEEDYLECTRIC DIVISION 
P.O. BOX 660 MPE 
PAWTUCKET, RHODE ISLAND 





NOW! ...with our 


pipettes ique VERTICAL 
INJECTION MOLDING 
MACHIN 

BY PROGRESSIVE! 


* Sliding table for easy loading 









mold 

and 
cylinder 

in 
minutes... 








* Automatic ejection 


* Metered feed 


* Automatic cycle 


* Oil cooler 


* Adaptable to D.M.E. series mold sets 


HERE’S THE NEW WAY, to profitable 


insertion contact and plug molding. Avail- 





able in | 


oz. plus capacity per plastic shot with ex- 
clusive sliding table giving operator more freedom of 
movement in positioning inserts. Full push button con- 
trol. No levers. Less operator fatigue, more production 
Table moves swiftly in and out between platens. Produc- 
tion, 600 cycles per hour. Highest mold accuracy. Occupies 
absolute minimum of floor space. No operator risks 
Mold sets for these units cost approximately half conven 


tional sets. Profitable on long or short runs 











Capacity per shot (Viny 1 oz. plus 
Floor space . "x 34" 
Height . eb” 

Approx. weight 2040 Ibs 

Shipping weight 

Domestic . 2200 Ibs 

Overseas . 2700 Ibs 
Shut height . < 
Daylight ” 

SPECIFICATIONS Plasticizing Capacity 20 Ibs./hr. approx 

Hyd. oil capacity 28 gal 

Platen clamp pressure 45-ton approx 
Injection plunger 14%” diam. 

Injection cylinder 4” diam 

Injection pressure 9500 P.S.! 
mplete deta ina brochure Injection stroke 6” 

Nozzle V2" spher. rad 
pP . " Locating ring hu oun, 
rogressive tool & die co. pam anes eA: 
Pump 4.8 (G.P.M 
530-17 Boston Turnpike, Shrewsbury, Massachusetts 
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Kautex Method World-Known 


Adjusting — handling — readjusting easily done 
Special mechanism for vertical and horizontal travel-stops 


Retarding-device permits oversize items 


A minimum of lost time guarantees up to 2000 operations per hour, 


Only one blow-mold, yet one-, two-or three-fold. 
5 machines for articles up to 0.28 — 0.35 — 0.63 — 3.8 — 9.2 c. ft. 


Over 120 patents in more than 30 countries 


KAUTEX leading in the piastics biowing technique 
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Bliowing Automats 
for plastic goods 
upto 9.2 c. ft. 


For processing of all thermoplastics 
Semi- and fully automatic 


One- and two-colored items 

Finished articles in one single operation 
Worm plastifier and closing device in one unit 
Automatic: Rectangular movement — 
vertical hose-coupling 


KAUTEX- 
MACHINES INC. 


536 East Elizabeth Ave 

Linden, N.J.,U.S.A 

Phone: Wabash 5-0305, 5-0306 
Distribution and 


Demonstration Center of 


KAUTEX-WERKE 


REINOLD HAGEN 
HANGELAR/SIEGBUAG 
GERMANY (WEST 





... serving the Plastics Industry for more 


than 30 years... 


CARVER LAMINATING PRESS 
[| [i 


o 


Our Standard Production Model . . . for laminating TAMPER-PROOF - 
MOISTURE-PROOF Identification Cards and Badges, Photographs, 
important Papers in sizes up to 9” x 12”. 


The Carver Laminating Press has proved its superiority as a dependable produc- 
tion unit for laminations from wallet size to létter size. It is widely used by 
many governmental agencies, and by industrial firms, colleges and institutions. 


Material to be laminated is placed between two sheets of Vinyl, 
Acetate, or other suitable plastic, in stacks to six layers within the 
size of the polished plates. Each stack is electrically heated with 
accurate thermostatic control and rapidly water cooled. 


Model 150 Carver Laminating Press is recommended for all wallet size cards, 
passes, badges, etc. Two such cards can usually be laminated in each layer 
or a total of twelve in a stack. Over 800 such pieces can be laminated in a 
normal day. 


Model 154 Carver Laminating Press with 9” x 12” plates and blotters can lami- 
nate all work up to a maximum of approximately 84%” x 1142”. Here again six 
layers are laminated at one time. 


The original two opening feature for simultaneous heat- 
ing and cooling of two stacks assures a continuous flow 
of work of uniform quality. No special wiring or 
plumbing required. No particular skill is required 
eee Tene and the complete service and instructon manual 
. is furnished with the Press as well as all 
necessary operating accessories. Prompt 
shipment from stock. Bulletins sent 
upon request. 






























CARVER LABORATORY PRESS 


... Standard for Plastics Research, Development and Control 


In thousands of leading industrial firms, government and technological laboratories 
the Carver Laboratory Press is an indispensable aid in plastics research and develop- 
ment. Original in design, the Press has long been accepted as standard for making 
quick, accurate small-scale tests; for development, research and instruction work; 
testing single cavity molds; preparation of samples, and for small 
scale production. 


The Press is equipped with large easily-read gauge normally having 
the maximum reading of 24,000 Ibs. Lower reading gauges are avail- 
able. The Press can be supplied with or without Carver accessories: 
Electric or Steam Hot Plates; Electrically Heated and Water Cooled 
Hot Plates; Carver Test Cylinder Outfits, 24%” ID., or 1¥e” ID.; Swivel 
Bearing Plates; Cage Equipment; etc. 


Also available in a larger 20 Ton Model with 8” x 8” platens similar 
to the Standard Press except for size, weight, and capacity. Accessory 
Hot Plates in the 8” x 8” size similar to those available for the Stand- 
ard Press can be supplied. The Press and certain of the accessories 
are patented. « Free bulletins available describing Press and some 
of its many applications. 


FRED S. CARVER INC. C JO 


HYDRAULIC EQUIPMENT 
5 CHATHAM ROAD ~~ SUMMIT. N. J. 
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By the well-known Zimmer Melt Roll Process, 





flexible base materials such as textiles, 

paper, aluminium foil, etc. can be coated with 
thermoplastics in the form of pellets, dry 

blend or paste in a single operation without the 
use of bonding agents. 

Zimmer Machines are offered in four coating 
widths, ranging from 320-1300 mm. (12 4” - 
51”), all of which are working successfully 

on a variety of products, all over the world. They 
are simple to service and economical to operate 
and combine versatility with modest space 

and power requirements. Low production costs 


ensure a high return for the invested capital. 


COOOCOO 


ZIMMER PLASTIC GMBH 


74, Frankfurter Strasse - Offenbach am Main - Western-Germany 














NOT CLAIMS —BUT FACTS: 


MORE THAN 65% OF ALL 
OUR SALES WERE MADE 
TO PLASTIC MANUFACTURERS 
WHO PREVIOUSLY BOUGHT | 
OTHER MAKES OF HEATSEALERS 


This fact proves Cosmos superiority ‘ : 
more than any other claim 


oS 


COSMOS HEATSEALERS perform every 
standard operation and in addition have 
the EXCLUSIVE PATENTED FEATURE 
of MAKING THREE DIMENSIONAL AP- 
PLIQUES in DIFFERENT COLORS. 


P| COSMOS 


ELECTRONIC MACHINE CORP. 


656 Broadway, New York 12,N.¥. GR 7-7700 
DISTRIBUTORS & SERVICE—coast? to coast 


FR 





rm 


























e DEPENDABLE, 

-e& HIGH QUALITY 

& \. OVENS AND DRYERS 
FOR PLASTICS 





TEFLON Sintering 
Over 


CABINET 
tray 
dryer 


NYLON tray 


dryer using 
dehumidifier 


DRAWER TYPE 
cabinet oven 








Separate bulletins for each model give —_ 87 Zabriskie St., Hackensack, N.J. 
complete details, features and specifications SAth ’ DI 3-4334 (Area Code 11) 
7 


OFFERING THE EXPERIENCE OF 33 YEARS AND MORE THAN 4300 INSTALLATIONS 
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AMERICA’S FASTEST GROWING EXTRUDER ™ 


MAKERS OF A FULL RANGE OF SUPERIOR EXTRUSION EQUIPMENT FOR 
- BLOW MOLDING - FILM AND SHEETING - COMPOUNDING 
- LAMINATING + WIRE COATING AND CUSTOM EXTRUSION 


Sterling engineers, have developed many improvements in extruder design, includ- 
ing the following: 


e Floating-type extruder construction, e Advanced high-speed and high 
made possible by a floating, high- throughput screw design. 
capacity thrust-bearing assembly. e Efficient air or water/steam cooling 
e High-capacity gear reducer with over- . dg uniform response-heatin, 
size shafts and bearings. © Quick-opening clamp or swing-bol! 
e Centrifugally-cast Xaloy-lined barrel hinge-gate assembly that withstand 
designed to withstand pressures up high extrusion pressures without 
to 10,000 psi. leakage. (Up to 10,000 psi.) 
© Rugged, three-point barrel ‘support ¢ Complete wiring to central termina 
that. minimizes heat transfer \ dg] om leler-h¢-temelam-> ccaulel-1Mi ey 11-8 
He e Rugged, fabricated steel base wit! 
e Large-opening, tangential, water- motor mounted integrally on base t 
cooléd feed throat section. eliminate alignment problems. 


e All Sterling extruders are available with vent for devolatizing, pressure gauge 
transducer and melt thermocouple. 


Extruder. Available in L/D " 
rati eb 21:1, 24:1 and 30:1 \ 
—,— EOS OE 
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1537 West Elizabeth Avenue - Linden, New Jerse mT 


y 


WAbash 5-3968 


Extruder. Available in L/D 


ratios of 21:1, 24:1 and 30:1 


Extruder. Available in L/D 
ratios of 21:1, 24:1 and 30:1 


Extruder. Available in L/D 
ratios of 21:1, 24:1 and 30:1 


ali ats) up to 96” width, 
caaplete with unwind section, 
laminating section and rewind 
section. Automatic or manual 
splicing. Film or,sheeting dies 
available up to 96” in width. 


Blown tut lies from 1”.di- 
ameter to 72” diameter. Side- 
u{<To Me] am ole) ecolantai-te Mm) ¢-1dlelal-1a meld 
rotating. (Patent applied for). 


Automatic sereen’ changer for 
continuous operation without 
extruder shut-down. For use in 
compounding, film, sheeting, 
laminating, blow molding, mon- 
ofilament, wire coyering, pipe, 
rods and shapes..- (Patent ap- 
plied for). 
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Vertrod is the oldest manufacturer of Thermal Impulse 
Heat Sealers. Our complete line of highly efficient 
sealers are designed to meet most sealing require- 
ments. They deliver uniform positive seals and trim- 
seals without continuous heat. No warm-up periods 
required. Seals all thermo-plastic materials and lami- 
nations such as: Polyethylene, Saran, Pliofilm, Vinyl, 
Polyviny! Alcohol, Polyflex, Rigid Vinyl, Nylon, Mylar, 
Kel-F; Polyurethane Foam, Polystyrene and Acetate. 
Dependably built, they need a minimum of mainte- 
nance and have built-in safety features. Seals can be 
made through wrin- 
kles, gussets, liquids 
and powders. Hand, 
foot-pedal and elec- 
tromagnetic or pneu- 
matic power-operated models up to 96” long. Special 
sealers made to fit unusual sealing problems. 


Vertrod Therma! impulse Seolers ore monufactured under one of more of the fol 
lowing U. S. patents: 2,460,460, 2,479,375, 2,509,439; 2,574,094, 2,630,396; 


2,633,433; 2,640,796; 2,640,798; 2,650,183; 2,675,054; 2,682,294 Caonadion 
Potents 468,140 ond 496,237. Other Patents Pending 


—Wertrody., 

































—V- of Thermal Impulse Heat Sealing 
2037 Utica Avenue, Brooklyn 34, N. Y. 































80 M Trowbridge Street 
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able machine for en- 
graving name plates and panels 
forming small molds and dies 
ofiling small par ts. Geometrically cor 
rect r7 wr true three dimens jonal work. Accu- 
ately duplicates master copy in metals, plastics 
wood. Rugged, sturdy construction 
OTHER MICO PRECISION PRODUCTS FOR 
CUTTER GRINDER AIR COMPRESSORS CONTINUOUS §& 
FIBER MICROTOME VACUUM PUMPS PRODUCTION OF fae 
NAMEPLATE EDGER PRECISION HOLE-CUTTING TOOLS RIGID FOAMS 


PRECISION DRILL PRESS 


Catalogs sent on request 


MICO INSTRUMENT COMPANY 


PORTABLE 


ENGRAVERS 





ADJUSTABLE SLOPE FOR CONTINUOUS 
PRODUCTION OF FLEXIBLE FOAMS 








‘ € at te 
inexpensive and port- 


















“SOLDERUX” SOLDERING FLUXES 








Cambridge 38, Massachusetts 


PANTOGRAPH _ FOR FLEXIBLE 


AND RIGID FOAMS 


Armorbelt conveyors 





for faster 
production 
lower costs 





Armorbelt convey- 
ors offer every fea- 
ture for high speed, 
quality production 
of foam plastics at 
lower cost. Proven 
by use in plants 
throughout the 
country. 


Send us your 
detailed require- 
ments for prompt 
proposal and com- 
plete information. 







M-H STANDARD CORPORATION 


515 Communipaw Ave.; Jersey City 4, N. J., HE 3-5834 





Models from 
D 30 to @ 90 mm 


Complete auxiliary 
equipments 


Two models: 


1 OF-Te}- tori t(-1- Miceli) 
1/5 up to 2 liters. 


From 28 g. to 520 g. 
Maximum daylight between 
platens 


Ve Talelet-Mmailele(-it- Mel alerelselele-lilale| 
screw preplasticizer 


ab celecteliior- lib amerelaligelicaze, 
sprue break 


Surface hardened tie bars. 


AGENTS Vickers pumps. 
Logon taa Fully automatic, semiautomatic 
: Vale Mm ar-tale Mme) el-16-1(-1e Muilele(-1t) 








—— NEGRI BOSSI & C. 


© 





FACTORY AND OFFICES MILAN - VIA BAZZINI, 24 
PHONE 292.897 - 230.512.- CABLE ADRESS: NEGRIBOS --MILAN( 


NB&C ) 
aa 











@ MILLAFILL 


Air operated high speed mold 
filter for precision density 
control. 


FOR 
BLOW * 
MOLDING 
KAP PRESS 


inexpensive 
automatic equip- 
ment for manu- 
facture of small, 
thin-walled arti- 
cles. Includes 
ram-type ex- 
truder. Simple, 
compressed air 
operation. 
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CONAPAC 


120 East 13th Street + New York 13, N.Y. * SPring 7-6150 


MILLACHECK 


Low cost heat-cooling control as- 
sures positive steam and water flow 
into mold without backing. Elimi- 


nates extra piping and valves. 





FORMPACK R-4 
for thin-walled containers, 
cups, boxes 


Fully automatic, 4-station 
operation featuring double 
side heating and offering 
deep drawing, pressure 
forming or plug assist proc- 
esses. High speed cycling (3 
seconds) and small forming 
area provide low cost volume 
production. 


Division of Roto-American Corp. 


FOR EXPANDABLE POLYSTYRENE MOLDING 
MILLER & VAN WINKLE MACHINERY 


(Subsidiary of Roto-American Corp.) 


NOW REPRESENTED EXCLUSIVELY BY CONAPAC CORP. 


@ MILLATRON 


The only fully automatic horizontal press 
that includes mold filling and unloading in 
the high speed automatic cycle. Provides 
complete monitoring and control of every 
phase of the molding cycle and produces 
consistently high quality molded parts. Ad- 
justable grid system. Hydraulically actuated 
movable platen. Grid size 42” by 66”. 


@ MILLAMATIC 


Semi- automatic horizontal molding press 
with self-contained air/oil hydraulic system. 
Grid size 30” by 36.” 


eee eee eee eee eee ee eee eee eeeeeeeeeee 
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CORPORATION 


(Illustrated ) 











@ MILLA DRAIN VALVE 


Fast positive steam and 
water cycle control provides 
positive steam retention and 
immediate water drainage. 


ROTOJET 
low cost production of small parts 
perfect for threaded closures 


Rotating turret utilizes up to 8 
low cost single cavity molds. 
Automatic injection, cooling, 
sprue removal and ejection. 
Screw pre-plasticizer with inde- 
pendent ram action. 3 models 
from % to 2 oz. 


WORLD'S 
LARGEST 
PRODUCER 
OF 
FOAM , | 
FABRICATING =>s ay | 
MACHINERY 


ENGINEERING SS == 
DEVELOPMENT 

PRODUCTION 
SALES 
SERVICE 


















ONE SOURCE 
ONE RESPONSIBILITY 


AUTOMATIC CONVEYORIZED SLAB LEVELER 
AND SPLITTER—Splits foam slabs 80” wide 
x 40” thick and up to 40’ long into sheets 
as thin as 1/16”. Completely automatic. 
AUTOMATIC “FOAM LINE” CUT-OFF MA- 
CHINE—Positioned at end of foaming line 
to automatically cut blocks of foam to re- 
quired lengths. Cuts blocks 48” thick x 84” 
wide x 50’ long. 

HORIZONTAL MULTI-CUT MACHINE—Mackes 
as many as 18 horizontal hot wire cuts 
through a block of foam simultaneously. 
Foam blocks up to 10’ long x 80” wide x 
36” high can be cut. 

GANG SLABBER—Splitting heads mounted 
in series over power driven conveyor make 
it possible to fabricate entire block of 
foam into slabs simultaneously with this 
machine 

CIRCUMFERENTIAL PARING MACHINE — 
Pares a log of foam 84” wide x 40” in 
diameter into a continuous sheet for lami- 
nating. Stock can be pared as thin as 
1/32”. Cutting speed from one to 320 FPM. 
UNIVERSAL TABLE SAW — Made for fabri- 
cating rigid foam blocks into sheets as 
thin as 1/4”. Will handle stock 50” wide x 
125” long and 42” thick. Completely auto- 
matic. 

BLOCK CUT-OFF MACHINE — Cuts foam 
blocks up to 80” wide and 42” thick. Avail- 
able with feed and discharge conveyors. 
ROLLER DIE CUTTER—Uses inexpensive steel 
rule dies to cut specific shapes from sheet 
or roll stock. Fully automatic. Available in 
variety of sizes with vertical or horizontal 
die handlers. 











The FALLS ENGINEERING ana MACHINE. ; 
CUYAHOGA FALLS, OHIO + AREA CODE 216 + WaAlbridge 68-1154 


¢ 
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IN THERMOFORMING, 
EXPERIENCE COUNTS 


The know-how and technical 
services offered by Auto-Vac are 
as important to you as having the 
right machine for the job. What- 
ever your thermoforming prob- 
lem, from the development of a 
completely new idea to the more 
efficient production of existing 
products or packages, Auto-Vac’s 
outstanding experience and tech- 
nical ability are at your service. 


Before recommending the ma- 
chine best suited for your require- 
ments, Auto-Vac carefully con- 
siders the many factors which 
can mean the difference between 
a smooth-running, profitable oper- 
ation or one which is inefficient 
and unprofitable. Forming meth- 
ods and techniques, material 
selection, mold design, accessory 
operations and equipment, and 
the many other details which con- 
tribute to successful thermoform- 
ing are carefully evaluated with 
the experience gained from hun- 
dreds of machine sales. 


Years of experience with the 
forming characteristics of dozens 
of plastic materials, and continu- 
ous testing of new materials, 
enable Auto-Vac personnel to 
recommend the plastics best 
suited for any forming require- 
ment. In mold design and con- 
struction, a highly specialized 
area of thermoforming technicians 
specify the mold materials, design 
and size most satisfactory for your 
needs. Every other facet of your 
operation is given careful consid- 
eration to insure maximum pro- 
duction efficiency. 


Whether you’re just starting a 
thermoforming operation or have 
been in the business for years, 
it will pay you to see Auto-Vac 
before you buy. Auto-Vac offers 
you the finest in equipment, the 
most experience and the best in 
technical service. 


IN BLOW MOLDING, 
LEADERSHIP COUNTS 


Auto-Blow offered the first suc- 
cessful commercial blow molding 
machine manufactured in this 
country. Many of the original 
Auto-Blow models are still in 
production, competing success- 
fully with more modern models. 
The new Auto-Blow Meter Mas- 
ter represents the culmination of 
experience gained from an early 
leadership in this field. Before 
you purchase blow molding equip- 
ment, be sure to consider the 
Auto-Blow Meter Master. 
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LAB -VAC _ design and material test- 


ing, prototype forming or short production runs. 
Low cost, versatile machine for straight vacuum, 
drape and plug forming. 





PRO-VAC —economy machine for 
production or “in between” jobs. Vacuum, drape 
and plug forming with 24” x 30” forming area. 
Manual or automatic operation. 








EQA — versatile “work-horse” of 


the industry — from deep-draw forming to skin- 
packing. Five models, with forming areas from 
24” x 36” to 48” x 72”. 





AUTO-PAK — high volume skin- 


packing, blister packing or Snap-Pak, or use it 
for small article production. Plug attachment 
available. Forming area 20” x 25”. 





MASTER-VAC -— high speed roll. 


fed production of thin gauge items. Forming area 
42” x 72” also handles large heavy-gauge parts 
to 8” deep. 








MODEL L_— largest production model 


in the world. Vacuum forms items up to 6 ft. x 
12.6 ft. up to 24” deep. Completely automatic. 





MV-2 _ two sided heating for fast forming 
of heavy gauge material. Ideal for deep drawn 
parts up to 24”. Six models for parts to 4’ x 6’. 











PRESSURE FORMING 


Four times faster than vacuum or drape forming! 
Superior distribution of material, sharp detail 
and very close dimensional control in formed 
products. Two automatic, high production models. 








METER MASTER blow molding machine 


High quality, high production blow molding machines, 
which combine fast action toggle presses with high 
pressure hydraulic accumulators to offer exceptional 
versatility and extremely high rates of production. 








AUTO-VAC/AUTO-BLOW 


A DIVISION OF NATIONAL CLEVELAND CORPORATION 


105 Meadow Street, Fairfield, Conn. 
EDison 4-9481 








Synclinal 
SUMP 
TYPE 


CAPACITIES: 5—8—10—20—30—50—75 and 
100 G.P.M 


PIPE SIZES: %"—1"°—14%" —14" —2°—2'" and3”. 
CONNECTIONS: Coupling—Male Nipple. 
BY-PASS VALVE: Not Available 

for use with regular petroleum base Hydraulic Oils, 


Coolants, Lubricants, all types of Fire-resistant 
Hydraulic Fluids and Water. 








IN-LINE FILTER 


CAPACITIES: Up to 60 G.P.M. 
PIPE SIZES: %"—1°—1\%" and 11%" (at both inlet 
and outlet). 
BY-PASS VALVE: Available with or without 
By-Pass Valve. 


For use with regular petroleum base Hydraulic Oils, 
Coolants, Lubricants and all types of Fire-resistant 
Hydraulic Fluids. 


SUMP TYPE 


200 G.P.M 


Fluids and Water. 








Synclinal 
LINE 
TYPE 


CAPACITIES: 5—8—10—20—30—50—75. and 
100 G.P.M 

PIPE SIZES: 4%" —1°—14%"—14" —2"—-24" and 3” 

BY-PASS VALVE: Not available. 

CPERATING PRESSURES: Up to 80 p.s.i 

For use with regular petroleum base Hydraulic Oils, 


Coolants, Lubricants, all types of Fire-resistant 
Hydraulic Fluids and Water. 





Bonded 
LINE 
TYPE 


CAPACITIES: 10—20—30—50 ana 75 G.P.M 
PIPE SIZES: 1°—1%"—1\%" —2” and 2,” 
BY-PASS VALVE: Available with or without. 
OPERATING PRESSURE: Up to 250 p.s.i. 
OPERATING TEMPERATURES up to 300° F 


For use with regular petroleum base Hydraulic Oils, . 


Coolants, Lubricants, all types of Fire-resistant 
Hydraulic Fluids 


AW PAV 





Tandem Synclinal 


CAPACITIES: 10—16—20—40—60—100—150 and 


PIPE SIZES: 4%" —1°—14%"—1\" —2”—2%" and 3”. 


FOR DEPENDABLE PROTECTION on all Hydraulic 
and other low pressure circulating systems 
MARVEL FILTERS are designed to give more ACTIVE filtering 


area—MORE dependable protection—MORE productive opera- 
tion before filter cleaning is necessary. They meet J. I.C. Standards 


FILTERING MEDIA in all Marvel Filters is Monel wire cloth and 
available in mesh sizes of 30-40-50-60-80-100-150 and 200 to 
meet your degree of filtration requirement. 
EASY TO CLEAN—AIll Marvel Filters are easy to clean. Line 
type units operate in any position and may be serviced without 
disturbing pipe connections. 
OVER 900 Original Equipment Manufacturers install Marvel 
Filters as Standard Equipment. 

IMMEDIATE DELIVERY 
For further information on a specific type or size filter —Write—wire or phone 


MARVEL ENGINEERING COMPANY 
7227 N. Hamlin Ave., Chicago 45, Illinois * Phone: JU niper 8-6023 


Bonded SUMP TYPE 


PIPE SIZES: 1°—14%"—1" —2°—and 2%". 
CONNECTIONS: Coupling—"O" Ring— 


CAPACITIES: 10—20—30—50 and 75 G.P.M. 


CONNECTIONS: Coupling—Male Nipple. 
BY-PASS VALVE: Not available. 


For use with regular petroleum base Hydraulic Oils, 
Coolants, Lubricants, all types of Fire-resistant Hydraulic 





Male Nipple. 
BY-PASS VALVE: Available with or without 
By-Pass Valve. 
For use with regular petroleum base Hydraulic Oils, 


Coolants, Lubricants and all types of Fire-resistant 
Hydraulic Fluids. 
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A PROGRAM FOR ALL DEMANDS 








The progressive application of plastics in industry and trade re- 
quires efficient processing machines. Battenfeld automatic ma- 
chines meet these requirements and impress by reliability and 
economical production. We are pleased to inform you of our 
manufacturing program and to assist you in solving all your 
production problems. 


Main Office and Plant 


BATTENFELD MASCHINENFABRIKEN GMBH 
Meinerzhagen/Westf., GERMANY 








— 


BATTENFELD 





MACHINES FOR PROCESSING OF ALL PLASTIC MATERIAL 


More than 7000 Battenfeld auto- 





matic injection molding machines 
are in operation in 67 countries all 
over the world. This figure evi- 
dences the confidence in our ma- 
chines and is a proof for the ca- 


pacity of our production plants. 


We build machines handling work 
pieces with a weight up to 25 kgs. 
for the still increasing needs of in- 
jection molding equipment with 


large sizes. 





BATTENFELD CORPORATION OF AMERICA 
959 W. Grace Street, CHICAGO 13, Ill. 

with Sales and Service-Organisations in 

ENGLAND: Battenfeld (England) Ltd., Great South West Road, Bedfont, Feltham, Middx. 








MODEL HE300-F48 





MODEL MA225-R32 





To meet the needs of the plastic molding industry, Impco offers a complete 


line of screw plastifiers. Various design adaptions for this type of plastify- 
ing are now available on all of our machine models. Bulletins describing 
these adaptions as applied to Impco 175, 225, 275, 300 and 450 ton 
clamp models are on hand. Send for them today. We will be happy to 


discuss these and other significant improvements with you. 


IMPROVED MACHINERY INC. 


NASHUA, NEW HAMPSHIRE 


8) 





IN CANADA: SHERBROOKE MACHINERIES LIMITED, SHERBROOKE, QUEBEC 
IN EUROPE: SUNDS VERKSTADER AB, SUNDSBRUK, SWEDEN 
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PROOF of 
the corrosion 
resistance of 
Xaloy 306 


Both rings were cut from the same 
steel cylinder lined with Xaloy 
306. Section at left shows original 
cylinder with Xaloy 306 lining. 
Section at right, cut from the same 
tube, was immersed in boiling 
50% hydrochloric acid — nete how 
the Xaloy 306 lining remains 
unaffected, while the steel cylinder 
is almost entirely dissolved by 
corrosion. Here is visible proof of 
the corrosion resistance of 

Xaloy 306. 





ANSWERING SPECIFIC CORROSION AND ABRASION PROBLEMS, Xaloy 306 and 
Xaloy lined cylinders assure substantial economies in operation plus unparal- 
leled long life where either corrosion and /or abrasion problems are encountered. 
Increased output and expanded production time are the direct benefits of 
Xaloy lined bimetallic extruder cylinders—proven in use throughout the world 
for over a quarter of a century. 

SUPPLIED AS ORIGINAL EQUIPMENT by all leading extruder manufacturers, 
Xaloy 306 and Xaloy are now available to plastics and rubber processors and 
manufacturers in an exclusive new range of lengths, diameters and wall 
thicknesses. 

NEW EXTERIOR APPLICATIONS of Xaloy 306 and Xaloy on rolls now add another 


significant development in Industrial Research Laboratories’ continuous re- 
search and expansion program. 


LW 
® Cit Y w eading Manufacturer of Bimetallic Ext r Cylinder: 


INDUSTRIAL RESEARCH LABORATORIES 


961 East Slauson Avenue, Los Angeles 11, Calif. - ADams 1-4374 + CABLE: IRLXALOY 
Eastern Branch: New Brunswick, N. J., 3 Terminal Road, P.O. Box 910 + CHarter 6-0200 


Fore ign Man ujacturing Licensees: 





Europe: Brookes (Oldbury), Limited * Subsidiary of Tube Investments Ltd., Birmingham, England 
Telegrams: Brux, Oldbury; Telephone, Broadwell 1294/5 


Australia, New Zealand: A. Goninan & Company, Limited * P.O. Box 21 

Broadmeadow, Newcastle, N.S.W. * Telegrams: Platinum; Telephone MA-3811 WRITE FOR NEW 1962 
Japan: The Japan Steel Works, Ltd., Hibiya-Mitsui Building, 12-Banchi, 1-Chome 

Yurakucho, Chiyoda-Ku, Tokyo 





; XALOY ENGINEERING 
Foreign Agents: 

South America: Omni Products Corporation * 460 Fourth Avenue, New York 16 New York 

Telex: NY 1 3941 Cable Gunnseadin Tolaphene Lenteaten 2 1320 7 ; - AND DATA BROCHURE 
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SEALANT GUNS , 


reduce material 
waste up to 


15% 


Ag 


JF ~ Save TE, MATERIAL and MAN HOURS 
y with PYLES high efficiency equipment. 


®@ Quality built for long service. 
@ Ideal for two-part compounds. 
@ Sturdy, all-metal construction. 


@ Disposable polyethylene liners 
save cleaning. 


@ Smooth, uniform flow. Dripless 
shut-off. 


@ Lightweight, easy handling. 
@ Uses standard air supply. 


















\ \ Write for detailed literature and prices. 


INDUSTRIES, INC. 


EGRAPH R 


A complete line of modern, 
economical, metering, mixing, 
and dispensing equipment for 
one and two-part compounds, 
foams, adhesives 


Write for 


Catalog 
61A 
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CERRO 
ALLOY 


in many 
plastics fabricating operations 





Low temperature melting with molten CERRO ALLOY 
CERRO ALLOYS show sub 1/16” thick. The alloy shell 
stantial savings in making was then removed from the 


blow, vacuum, drape, dip and patterns and put in a chase 


injection molds, also short run rhousands of bottles were pro 
prototype molds. To produce 


the polyethylene bottle mold 


duced from the mold. Send for 
full information regarding this 
of which one half is shown and other ingenious cost-cut 
ting uses of CERRO ALLOYS 


in the plastics industries 


here, the patterns were secured 
to a metal plate and sprayed 


*T. M. Cerro Corp 


the Fiore Spray Gun, sold by Cerro Sales Cor 


CERRO SALES CORPORATION 


SUBSIDIARY OF CERRO CORPORATION 
Rm. 1521, 300 Park Avenue, New York 22, N.Y. 














we~ NOTICE ox 


PLASTICS PROPERTIES CHARTS 


for 1962 now available in limited quantities 








Don’t wait! Now’s the time to order extra 
copies of our up-to-date PLASTICS PROP- 
ERTIES CHARTS. 

Color-coded for easier reading, these wall- 
sized charts (45” x 28”) list essential data on 
the physical, chemical, thermal, electrical 
and molding characteristics of all commer- 
cially available thermoplastics and thermo- 
setting plastics. 

These are the very same authoritative 
charts that appear in the 1962 Modern Plas- 
tics Encyclopedia—yet both charts (thermo- 
setting and thermoplastics) cost only $1.50. 
sulk rates upon request. Write to Reprint 
Dept., Industrial Magazine Service (an affil- 
iate of Breskin Publications), 770 Lexington 
Avenue, New York 21, N.Y. 


RR a A AT ONS AA CEERI 


oF cannes eg ACCESSIBLE PUSH-BUTTON 
OF CATERPILLARS TENE = - 


VERSATILE GRIP PADS 

























UNIVERSAL CHOICE 


ENOLESS BELTS 
OF HIGH QUALITY 
CONSTRUCTION —— 


BALL BEARING 


ROLLER BED $ 
FULL LENGTH . BELT TENSION 
OF CONVEYORS - J =‘ ADJUSTMENTS 


DRIVE MOTOR 





2 SPEEDO CHANGE 
GEAR BOX 


JACK SCREWS 
PROVIDE FIXED 


LOCATIONN. (J 


UNIVERSAL 
TAKE-OFF 
MACHINES 


For take-off of all profiles, cables, tubes 


and sections at infinitely variable speeds MOUNTED ON. SPEED SETTING 
CASTERS — 


without distorting product. 


MODEL C550 


eseeeee eee eee eeaeeeaeeeae2ee02¢2000e822000¢8 


SEND FOR BULLETIN NO. FM-141 


FARRIS UNIVERSAL MACHINE CORP. 


MACHINES FOR THE PLASTIC, RUBBER AND METAL INDUSTRIES 
400 COMMERCIAL AVENUE” PALISADES PARK, NEW JERSEY WINDSOR 4-6300 


AFFILIATES: FARRIS ENGINEERING CORP. FARRIS FLEXIBLE VALVE CORP. FARRIS COMBUSTION CONTROLS CORP. FARRIS INDUSTRIES CANADA LTD. FARRIS ENGINEERING LTD. 








COMPLETE 
URETHANE FOAM Pump . . . Condition BROSITES OVENS and DRYERS 
PRODUCING Control Mix . . . Dispense 


EQUIPMENT Model #1 


Single door, width 24'/2” Height 
50”; Depth 28/2". Five trays: 15” 
x 22” x 22” 1800 watt, 100-500°F 
thermostat control. 





Model #2 


Double door, width 48” 
Height 50”; Depth 28!/2” 
Ten trays: 15” x 22” x 
2/2" 3600 watt, 100-500°F 
thermostat control. 








Model #3 Twenty tray, double-decker also available. 


BROSITES MACHINE CO., Inc. 


The MARTIN SWEETS Co., Inc. 50 CHURCH STREET, NEW YORK 7, N. Y. 


3131 W. MARKET STREET (Cable Address—BROMACH) 
LOUISVILLE 12, KENTUCKY TELEPHONE DIGBY 9-3600 
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SCREW 


PLASTICIZING INJECTION MOLDING 


Breakthrough 























SCREW TRAIN MOTOR 
% HOW IT WORKS: 
STAGE ONE: Screw moves forward, applying steady 
PISTON pressure directly onto plasticized material, rapidly 
& CLAMP SECTION a Pe INJECTION PRESSURE injecting it into the mold. 
CONTROL SWITCH 


SHSSSSSSSHHSSEHSSSSESSSSESEEEEEEEEEEEEEEESESEEEHEEEHE SHEE EEEESEEEEEESEEEEEEEEEEEEEESESEESEEEEEEEEEEEEEEEE EEE 


RESERVOIR OF PLASTICIZED MATERIAL FOR NEXT SHOT 


STAGE TWO: After injection the screw automatically 
rotates, plasticizing next shot. This moves the screw 
back against controlled hydraulic pressure in prepa- 
ration for next injection. Molded part is cooled and 
ejected during the same period. 





PART EJECTED SHOT VOLUME CONTROL SWITCH 











ADVANTAGES: 


molding temperatures lowered 30-50°F 

melts thoroughly mixed, thermally homogeneous 
molds filled faster with less differential shrinkage 
cycle time reduced up to 60% 

molding pressures reduced; fewer molded-in strains 


mold shrinkage reduced; molding to closer tolerances ANKERWERK INTERNATIONAL 
heat history shortened on heat-sensitive materials nate MODELS FROM 1.5 to 36 oz 





excellent color dispersions and rapid color changes 
optimum physical and chemical properties of polymer 


tested and proven by five years production experience KRAUSS-MAFFEI INTERNATIONAL 


MODELS FROM 36 to 120 oz. 





for complete information ask the leaders in screw-plasticizing machines 


ANKERWERK INTERNATIONAL / KRAUSS-MAFFEI INTERNATIONAL 


Sales Offices, Service and Spare Parts Established at 1229 East Wakeham Avenue, Santa Ana, 
California; and 2 Hamilton Street, Bound Brook, New Jersey. Sold in U.S.A. under License 
Pat. 2,734,226 
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CuMBERLAND 


The greatest variety of plastics granulating, pelletizing 
and dicing machines ever offered. Machines of 
advanced design for every need from laboratory 
models to the ultimate in size and capacity. 

Cumberland “‘Stair-Step” Dicing Machines Cumberland Model 30 Granulator 


For dicing the full range 
of thermoplastic materials. 

Cubes 44” to 1” produced 
from plastic sheet or ribbon 
stock. Pellet sizes altered 
merely by changing knives. 
Cubing is done in one sever- 
ing operation with rotor 
knives cutting against one bed 
knife. 

All surfaces contacting plas- 
tic materials are of corrosion- 
resistant metals. 

Three sizes of machines for 
stock widths 314", 7”, and 14”, 








A large heavy-duty machine 
for extremely rugged work, 
offered in throat sizes 11”x30” 
and 16” x 30”. Optional num- 
ber of knives on rotor and 
optional type of knife mount- 
ings. Pivoted doors provide 
ready access to cutting cham- 
ber for easy cleaning and 
adjusting knives. Screen is 
readily removable. 

Frame and cutting chamber 
are of thick weldments with 
deep welds. Rotor and seal 
tings are heat treated and 
ground all over to provide 
tough, undamageable parts. 
Hardened surfaces preserve 
new appearance, 





Cumberland Pelletizing and Straight Feed Five Improved Cumberland Large Throat 
Dicing Machines Granulating Machines 


A full range of pelletizing 
machines with the following 
o feed ad widths: 
6”, 14" , 24”, 28” and 42”. 
Newly pM wit models to 
accommodate today’s high in- 
put speeds and high hourly 
capacities. 

Straight feed dicing ma- 
chines are modified pelletiz- 
ing machines known as the 
Cumberland Notched — Knife 
and Ratchet — Tooth Dicing 
Machines. They are less ex- 
pensive though more limited 
in application than the Cum- 
berland Stair-Step Dicer. 
These straight feed dicing 
machines have the same feed 
table widths as the pelletizers. 
They produce rectangles or 
cubes from extruded or milled 
sheet or ribbon stock, 











Large throat openings — 
8”x10", 10”x12”, 10”x16", 
14”x16”, 14”x20” — designed 
for use beside the press or for 
central granulating machines. 

New knife design and slow 
rotor rpm provide better 
granulation, and at the same 
time yield quiet operation. 
Clean cutting is assured 
throughout the complete 
range of thermoplastic mate- 
rials from softest polyethyl- 
ene and vinyls to hard and 
tough nylon, ABS and acetal 
resins. 

Quality construction, rug- 
ged as all Cumberland ma- 
chines, is entirely of steel 
weldments. Advanced design 
leaves all working parts read- 
ily accessible for cleaning and 
adjustment of knives. 

Minimum floor space. End 
removable screens, 























Cumberland Laboratory and Cumberland New Extra Large Granulating 


Pilot Plant Machines | Machines. 


' 

A new 6” Pelletizer | Four new machines, throat sizes 15x24”, 

A new 31/,” Stair-Step Dicer | 18x28”, 18x37”, and 20x50” for bulky 

Granulating Machines O and 810 aay eg 0 film, blow molded and vac- 
uum formed items. 


Nept 4 ry 
i I . RM © 


Oithesteyssaeebete! : Direct factory engineering assistance avellehle chroughout North America ion 


sales offices in Providence, New York, Cleveland, Chicago and Los Angeles. 


ENGINEERING COMPANY, INC. 


Outside N America — Cumberland machines are manufactured and 
sold by our eenean ‘BURTONWOOD ENGINEERING COMPANY, LTD., 
BURTONWOOD, WARRINGTON, LANCASHIRE, ENGLAND. 
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2nd STAGE 


INJECTION UNITS 


UP TO 50 oz. 


CAPACITY 











© Increases the efficiency of any Lombard Injection Molding Machine now in operation. 


© Available as standard equipment on any new Lombard Injection Molding Machine. 


' THESE STANDARD MACHINES NOW AVAILABLE 





MODEL 


























300-148 | 2414.6 | 3214-12 |3220-125 (A}]3220-125 (B)| 3624-18 
Max. Capacity-oz. (conventional) 4 ° 16 16 20 24 
Max. Capacity-oz. (with 2nd stage) 30 32 50 50 50 
Clamping stroke (inches) 6-14 6-14 8-14 8!/.-20 8!/.-20 8-24 
Daylight opening (inches) 32 32 36 42 42 50 
Clamping pressure (tons) 300 250 375 375 375 450 
Maximum Mold Size (VXH) 16/228 | 14%x28 | 20x36 20 x 36 20 x 36 23% x38 





INJECTION MOLDING MACHINE DIVISION 
LOMBARD GOVERNOR CORPORATION 


ASHLAND, MASSACHUSETTS 














NN 
We SCREW INJECTION 


LOMBARD woLpING MACHINE 


... OVER TWO YEARS IN 
DEVELOPMENT. 

... FULLY TESTED IN 
ACTUAL OPERATION FOR 
16 MONTHS. 














MODEL 300-145 


FEATURING — 


© Extreme versatility — capable of molding virtually all thermoplastics — from rigid 
PVC to styrene — without changing screws 


® Faster color changes than ever before 


Lower demand on clamping pressure 
Ruggedness and speed never before available 


A LOMBARD SCREW INJECTION MOLDER ASSURES YOUR OBTAINING — 


Higher quality parts — virtually strain free 
A more homogeneous melt — extreme accuracy on heat control 
Positive metering of shot weight — no packing 


Greater injection speeds — for thin walled and deep core items 


A SCREW INJECTION MACHINE DESIGNED AND BUILT FOR THE AMERICAN MOLDER 


INJECTION MOLDING MACHINE DIVISION 
LOMBARD GOVERNOR CORPORATION 


ASHLAND, MASSACHUSETTS 
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ALWAYS A YEAR AHEAD 


HIGH TORQUE 
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PRODEX 


COMPACT 


PRODEX COMPACT EXTRUDERS 
are highly versatile heavy duty 
machines designed for continu- 
Ous Operation at pressures up to 
10,000 psi. They are extremely 
simple to operate and have been 
designed for maximum output 
with a minimum of floor space 
requirement. 


In spite of their low price and 
relatively small screw diameter, 
they incorporate the same quality 
features and instrumentation as 
the finest larger machines — and 


are capable of extruding prod- 


ucts of large cross sectional area. 
This is due to screw design, a spe- 
cial valving system and tooling 
used with PRODEX COMPACT 
EXTRUDERS. 


These machines deliver 50 to 
150 Ibs./hr. of high quality ex- 
trusions. The 134” COMPACT is 
available with L/D ratios of 20:1 
and 24:1, with 5 HP and 7’ HP 
motors. The 2” size with a L/D 
ratio of 20:1 is available with a 
10 HP or 15 HP motor. 


PRODEX 





—in design and 
performance 

































OF 


EXTRUDERS 


with CHANGE GEARS 


BOTH HIGH AND LOW VISCOSITY MATERIALS CAN NOW BE 
EXTRUDED AT MAXIMUM H.P. EFFICIENCY AND OUTPUT 


The versatile PRODEX HT EXTRUDERS offer a unique combination of the most desirable 
features found in any machine. They give you the best possible machine return on your 
investment of any extruder in tne world today. 

PRODEX HT EXTRUDERS produce high output rates with excellent precision and 
have also shown a remarkable freedom from maintenance problems, year after yeor. 

The new change gear provision of the PRODEX HT EXTRUDER permits the extrusion 
of both high and low viscosity materials at maximum horsepower efficiency and output 
rate. This feature also eliminates extruder obsolescence since new and higher screw 
speeds can be accommodated at any time together with the necessary drive horsepower. 

PRODEX offers vented or non-vented extruders with valving in sizes from 134” 
through 10”, with L/D ratios of 20:1—24:1 and longer. All feature greater horsepower 
capacity. 

PRODEX 24:1 L/D ratio or longer extruders are available with venting for removal 
of volatiles. All vented extruders are supplied with leak proof vent closures for use as 
conventional machines. The vented extruders offer a substantial saving over con- 
ventional machines equipped with predryers or vacuum hoppers. PRODEX field experi- 
ence with hundreds of vented machines has proven the advantages in many applications. 
Consult PRODEX specialists to determine if this type of machine is advantageous to 
your application. 


PRODEX COMPOUNDING EXTRUDERS 


PRODEX COMPOUNDING EXTRUDERS have been developed to handle every compounding and 
devolatilizing need. These special heavy duty machines have earned a worldwide reputation for 
their high capacity performance and dependable, maintenance-free operation, They are used 
not only for raw material production but are also used widely in place of banbury and mill 
equipment to feed calenders. 

Capacities up to 7500 Ibs./hr. are available from cold feed. Higher capacities from melt 
feed. Special feed mechanisms are built for powders and other difficult-to-handle materials, 


Write for illustrated bulletin E-6 


PRODEX CORPORATION 
FORDS, NEW JERSEY + Phone HILLCREST 2-2800 


laboratory. 








HENSCHEL 





— tor INTENSIVE 


Resin Dryblending * Pigment Dispersion « 
Mechanical Heating * Vacuum Drying of 
resins and compounds in 
EXTREMELY SHORT CYCLES WITH 
EXCELLENT UNIFORMITY! 


Both laboratory and high production units are now 
available with capacities from a few Ibs. to thousands 
of Ibs./hr. e They can be cleaned quickly and easily. 
e All contacting surfaces are stainless steel. e Vacuum 
tight construction is available for vacuum extraction. 
e Loads and discharges while running. 


Write for illustrated bulletin M-1 
provexcransui > kn > WW 
MOLDERS 





For small parts—up to 1 gal.—a toggle clamp mech- 
anism is used to develop high pressures and high 
speed action. A continuous parison flow from a 
single head feeds up to four mold clamps, resulting 
in extreme uniformity of parts. The highly stream- 
lined head permits use with all polymers, including 
rigid PVC 

For large parts—up to 30 gal.—an accumulator 
system allows fast extrusion of large parisons, with 
precise shot metering and uniform temperature 
throughout the parison prior to blowing. 


Write for Bulletin BM-1. 























30° OR 90° WIRE 4 








MULTIPLE HEAD PROFILE OR PIPE EX- 
TRUSION SYSTEM—For easier cooling and — 


shape holding at high output rates. A variety 
of advanced die and take-off systems 


pipe. 


ING SYSTEM—Fully = ; ns 


tes 
available to handle all types and sizes of 











MONOFILAMENT SYSTEM—For eredertion 


ot polyethylene, polypropylene, nylon and 
Saran monofilaments. Integrated speed con- 


trol of orienting equipment, 25-75 ends. 


Speeds up to 750 ft./min. : 
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SHEET EXTRUSION SYSTEM —For styrene, 

polyethylene, acrylic, cellulosic and PVC 
sheet from .010” to .500” and more. Com- 
pletely automatic and self-contained. Pro- 
vision for lamination and beta-ray gauge. 
Width up to 84”. 














EXTRUSION LAMINATION SYSTEM—for 
polyethylene and vinyl coating of paper, 
cellophane, mylar and other materials, Also 
available for roll cast film production, Width 
up to 120”. 




















ROLL CAST FILM SYSTEM —for highest 
speed production of flat polyolefin, vinyl 
and nylon film. Thickness range, .0005” to 
010”. Widths up to 120”. Also available 
in conjunction with bi-axial orienting system. 


woh UP aie a 
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SY) / COMPLETE CONVEYING SYSTEMS 


FOR ALL PLASTIC MATERIALS... 





And now a NEW Drying Hopper 


Completes a system that gives you better products and better 
production. 

® Uniform flow of material without channeling. 

@ Easy cleaning during material changes. 

®@ 10 capacities—50 to 1000 Ibs. 

Drying Hoppers provide more efficient distribution of hot, 
dehumidified air delivered from Whitlock Dehumidifying Dryers. 
@ Dryers in 3 standard models supply dehumidified air to — 20° 
dewpoint and lower. Drying capacities to 600 Ibs. per hour. 






ORYING 
worPrEeRS 





There's a plastic materials conveying system to fit your needs. 


®@ Pneumatic Conveyors in 20 standard models—automatic or 
manually controlled—large capacity models—bulk handling 
models—capacities up to 2000 pounds per hour. 


@ Dust-free Vacuum Conveyors. Capacities to 8000 Ibs per hour. 


And for unusual conveying problems, Whitlock custom-designed 
equipment is also available. Write for catalog of complete line. 


WHITLOCK ASSOCIATES INC. 
21655 COOLIDGE HWY. 


Cctlock OAK PARK 37, MICH. 


60-A 


DEMUMIDIF TING 
Onvers 




















TF-9 THRU-FEED GRINDER ee a ee PG-7 FORM GRINDER 








Wheels mounted between 
bearings 


aS 

i, \ variable regulating wheel 
speed 
greatest wheel surface of 
grinder in price range 


For precise duplication and 
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T hese Glebar machines are specifically 
designed to help you meet tight pro- 
duction schedules easier, faster, more 
economically . .. and maintain uni 
form quality control on a wide variety 
of plastic and other non-metallic ma 
terials. 


FEATURES AND ADVANTAGES: 


1. Low initial operating and mainte 
nance costs. 


2. Simplicity in set-up and operation 


3. Compact size saves valuable floor 
space. 


4. Ability to handle wide range of 
stock sizes 


Write for complete information and 
descriptive literature 


Cyr GLEBAR CO INC 525 Commerce St., Franklin Lakes, New Jersey 
e we Phone FEderal 7-8595 
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Most advanced 
design available 
_Bonds or embosses 
in seconds 

Easily visible and 
accessible controls 
Vacuum variable 
power control 
Automatic 2-hand 
push-button operation 











These completely modern, 
self-contained machines almost instantly form seals that are 
stronger than the material itself. Rugged construction and 
low-cost operation make them ideal for large, continuous 
operations. Press incorporates double ‘‘V"’ gib and slide con- 
struction. Models from 1.5 to 20 Kw. 






MODEL 8 


THERMAL IMPULSE SEALERS. 





PLASTIC SEALING AND 
WELDING EQUIPMENT 








HOT AIR PLASTIC WELDERS. By means of this unique 






ON MASTER HEAT GUN 


Low- cost, self-contained units that 
provide quick, flameless heat, these guns 
are ideal for softening sheets, etc., for 
fabrication, pre-heating of small and 
experimental molds, fusing of parts and 
many other uses. 110V, AC-DC or 220V. 


Model 12500, 500 to 750° heat range. 
Model 12750, 750 to 1000° heat range. 





For the right sealing, bonding or welding equipment for your 
operation, please write today outlining complete details. 





WAS: LDOTRON Corporation 


MANUFACTURERS OF INDUSTRIAL ELECTRONIC EQUIPMENT 
AND CONTROLS AND PACKAGING MACHINERY. 


907-E FRELINGHUYSEN AVENUE, NEWARK 14, N. J. 
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THERE'S A MINI-JECTOR TO SOLVE 


Now...Fully Automatic...Up to I oz. Capacity 


Auto-Hornet 
Model 65-HA-100 


MINI-JECTOR 


PLASTIC INJECTION MOLDING MACHINE 


Here’s the answer to steady, low-cost, day after day production of precise 
parts up to 1 oz! Hydraulic operation—approximately 18 tons clamping 
pressure—capacity to 114 oz. (vinyl). Maximum cycles, 500 per hr. (dry). 
Uses 6” x 5-14” x 5” mold. Can be operated automatic, semi-automatic or 
manual. Five injection ram sizes—14”, 5”, 34”, 7”, 1-1/16”. 


» 





Outstanding Features 


Rapid Cylinder removal and change 


Auto-Hornet MINI-JECTOR 


Complete with control 


Built-in packing stroke—single panel containing automatic 
Rapid mold removal and change temperature control for in- 

J jection assembly (0- 
Compensating feed 700°F) and timers for 
Adjustable clamp stroke automatic cycling. Price 


$3,600.00 


Wasp MINI-JECTORS 


Ideal for molding parts in- 


. , , - volving inserts or loose cores 
Special Super “Hornet g 


: sub-miniz 2 ‘ 
MINI-JECTOR also available ek eee 2 ae 

: Air and hydraulic models. 
(for manual _ operation). 


; For experimental and pro- 
3.00 , ; 

a eee duction work. Priced from 
$965.00 to $1,770.00 








Write for FREE Catalog > 


1038 


YOUR INJECTION MOLDING TO 2oz. 


And...Fully Automatic...Up to 2 oz. Capacity 


Imperial 


MINI-JECTOR...... 


PLASTIC INJECTION MOLDING MACHINE 





Now... a 2 oz. capacity MINI-JECTOR using DME 
molds to maximum of 11” x 8” with 20 sq. in. 2 casting 
area. Completely automatic, panel has pyrometer type 
control (0-800° F) and timers for automatic cycling. 
Hydraulic—42 tons clamping pressure. 





The Imperial MINI-JECTOR 
Model 80-HA-200 
Price $6,470.00 


Eldorado MINI-JECTORS 


Designed especially for molding inserts or loose cores. Capacity up to 14% oz. 
Vertical clamping—no front tie rods to hinder access to mold area. Automatic, 
semi-automatic and manual models. From $3,385.00 to $5,400.00 


Write for FREE Catalog 





get complete data and prices 


Newbury Industries, Inc. 
P. O. Box PE Newbury, Ohio 


| 
| 
r . . 1 . | 
New, useful, illustrated. Shows fast, low-cost way | Please send me your FREE Catalog. 
to develop and produce molded items in all | 
thermoplastics. Shows how to cut your molding NAME 
costs. Fill in coupon NOW! 7 COMPANY 
| 


ADDRESS 
CITY STATE 


For convenience attach to your letterhead and mail. 


—  — ——  —_— | || 





MORE TONS CLAMP 
PER SQUARE FOOT 
OF FLOOR SPACE 






AUTOMOLDER’ 
MODEL KS6-100-50 


The KS6-100-50 is a highly 
efficient screw plasticizing 
injection unit designed to handle 
critical materials and the newly 
developed thermo-plastics. 

A reciprocating screw acts as 
the injection ram and melt 
homogenizer producing better parts 
consistently. Moderately priced, 
this machine satisfies the needs 
of the progressive molder. 


AUTOMOLDER’ 
MODEL K3-100-50 


In this simply-designed, 

fully hydraulic machine there 
are features not found in 

other small molding machines. 
The K3-100-50 produces 1500 
automatic cycles per hour with 
a clamping unit closing force of 
100 tons. Being self-contained 
the K3-100-50 uses only 

10’ x 3’ x 6’ of floor space. 


AUTOMOLDER’ 
MODEL Ke-50-50 


This is a smaller two ounce 
machine which may be electrically 
or cam operated. A unique 
sub-plate mounted vaive system 
eliminates costly maintenance and 
offers easy access. The K2-50-50 
offers production capacities for 
a minimum initial investment. 


AUTOMOLDER* 
MODEL Ke-100-50 


Another compactly-designed 
fully hydraulic injection 

molider from Standard’s drawing 
board. Built on a solid 
weldment frame the K2-100-50 
is a 100 ton clamp machine 
providing two ounce shot size 
and 2000 cycles per hour. 


The ingenious design and unique engineering advantages of 
= Standard Tool Company machines offer you many benefits. 


Our mold making facilities and technical staff combine to 
provide you with a complete package for your molding needs. 


STANDARD TOOL COMPANY “Trademark Reg US. Pat. Of 


PIONEERING PLASTICS SINCE 1911... ENGINEERING, CASTING, MOLD MAKING AND MACHINERY 
BUILT BY STANDARD TOOL COMPANY, LEOMINSTER, MASSACHUSETTS - SOLD BY KAVANAGH SALES INC, LEOMINSTER, MASSACHUSETTS AND FOREIGN REPRESENTATIVES 
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THORESON-MCCOSH, INC 


S_INDUSTRY 
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HOPPER DRYER and new combination JET HOPPER LOADER 


increases your production ...soon pays for itself in savings to you! 


Dries and preheats mate Easy installation in a More production because Less material handling, New Jet Loader maintains 
rial at less cost than with matter of minutes on any of properly controlled with increased hopper ca- preheated condition of ma- 
conventional drying ovens standard machine conditioning of material. pacity, no oven handling. terial. No compressed air. 


For complete information write today. THORESON-McCOSH, Inc., 18208 W. McNichols, Detroit 19, Michigan, KEnwood 1-4700 





cut your costs on... 


EXTRUDER PACK SCREENS 
WILLIAMS WIRE CLOTH 
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Low Cost Extruder 


circles any diameter 
: —. . : _ 

3," table model laboratory plastic ex- special shapes W "1 

truder has speed variations from 10 to 

112 R.P.M. will operate on either 110 | ‘ 


‘ 

5 

‘ 

‘ 

) 

, 

] 

) . 

? prompt service 

) 
or 220 V.A.C. single phase. Stand op- ) large stock I 

. ° ° ) —~ 

tional. Quality construction-performance , 

‘ 

‘ 

‘ 

, 

, 

, 

\ 

5 

, 

, 

) 

) 





Manual controls. delivered prices | | 


Descriptive literature and prices on request 


GEORGE A. WILLIAMS & SON 


17 MURRAY STREET. NEW YORK nu. 


WAYNE MACHINE AND DIE COMPANY 


23-B Grand St., Garfield, N.J PRescott 3-7110 


Eek 
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Container size, in liters 
Hourly output (thick-walled) 
Bore 

Sealing pressure 


Size of mold-clamping plate 


Clearance between guide columns 


Mold assembly height, min. 


Hydraulic pressure (low pressure), max. 


1 Machine 
x Possibilities 


Blow molding unit BA 500 


Blow molding machine mod. BA-200 and BA-500 


200 - 500 

12-6 

1000 mm 

100 tons 

1000 x 1200 mm 
945 mm 

420 mm 

100-120 atmospheres 


Hydraulic pressure (high pressure), max. 200-250 atmospheres 


Hydraulic drive (low pressure) 


Hydraulic pressure (high pressure) 


High-pressure axial 
piston pump 
High-pressure axial 
piston pump 


wooo UU 


MACHINES AND MOLDS FOR THERMOPLASTIC CONTAINERS 





Motor capacity: 
Low pressure 
High pressure 


Weight: 
Blow molding machine 
Extruder subassembly 
Extruder 
Compression piston 
Accessories 


Floor space 


Crated size: 
Blow molding unit 
Extruder subassembly 
Extruder 
Compression piston 


VELBERT 


35 HP 
2x12 HP 


9700 kg 
2600 kg 
2800 kg 
1400 kg 
1500 kg 


5500 x 4300 mm 


6500 * 1600 * 
2000 * 1300 * 
2500 * 1000 * 
3000 * 800 * 


1800 
1000 
1500 

500 









mm 
mm 
mm 





ror the NEWEST in PACKAGING & PLASTIC EQUIPMENT 


SLIDE PACKAGE FLANGE FORMER 





VACUUM FORMER 





BLISTPAK HEAT SEALER 


DIE CUTTER 


EXPANDABLE POLYSTYRENE MOLDER 








PRESSURE FORMER 





....for PROFITABLE production! 


SLIDE PACKAGE FLANGE FORMER, Model C. Moves 80” to 400” per 


minute, makes 90° to 180° folds on any commonly used thermoplastic. Vari- 
able speed drive and positive dual thermostatic heat control assure smooth 
folding, whatever the speed. Edge being formed is heated, top or bottom, at 
all stages through forming die. Will fold parts up to 14” wide. 


BLISTPAK HEAT SEALER, Model 1422. Seals through card, protecting 
product and plastic blister... lets you seal up to card and blister edges. A 
new process that cuts sealing time to as little as two seconds. Flat steel master 
tray minimizes chance of warpage or improper sealing, takes punishment that 
deforms plastic web materials used in conventional sealers. Fast, siraple 
changeover. Conveyorized automatic unit or efficient manual model. 


EXPANDABLE POLYSTYRENE MOLDER, Mode! XP 3050. Delivers 16” 
stroke, more if necessary to handle any size parts. Special mold mounting 
permits full use of “daylight,” speeds loading, eliminates hazards of working 
“in the press.” Connections of air, water and steam only ones needed. Five 
platen areas available, from 24” x 36” to 49” x 73”. Available fully auto- 
mated, if desired. 


VACUUM FORMER, Model! VF 2436. combine the Vacuum Former with other 
Tronomatic machines in automated operations to accomplish everything from 
forming to heat sealing, trimming, and stacking of finished parts. Unique 
patented features permit forming full 24” x 36” area 10 cycles per minute 
with forced cooling. Standard models for skin packaging. Full range of other 
sizes available to meet all packaging requirements. Custom tailored equip- 
ment also available. 


DIE CUTTER, Model 2436. Handles all thermoplastic materials . . . provides 
up to 20” of “daylight,” more than 6” of stroke. Patented Tronomatic air- 
hydraulic power head rated at over 50 tons delivers pressure and speed de- 
sired, eliminates maintenance problems of pure hydraulic systems. Spring- 
loaded shuttle table permits safe, easy, outside loading. Mechanical in-press 
stop and heated platen increase die life and make special applications pos- 
sible. Advanced safety and timing controls. Cutting areas: 24” x 36, 30” x 50”, 
40” x 60”, and 49” x 73” and others. 


PRESSURE FORMER, Model PF 2430. Unique patented features of Trono- 
matic pressure-forming machines permit working with all thermoplastic mate- 
rials at efficient low pressures. Production speeds up to 20 cyc/min. in auto- 
mated operations. 12” x 22”, 24” x 30” and 20” x 24” models, available 
with Tronomatic indexing and trimming equipment. 


TRONOMATIC leadership in plastic production equipment and packaging machinery is maintained through 
advanced engineering, precision fabrication and years of pioneering in these fields. Custom adaptations of 
any Tronomatic machines will be made to suit your requirements. For information, write or call today: 


25 Bruckner Boulevard, New York 54, N. Y. * Mott Haven 5-4600 


{  TRONOMATIC CORPORATION 


facturers of plastic forming, molding, fabric ating, sealing and cutting equipment 








No) 
ve 
a4 
ae 





ss vt EE eae a= r 3 
Waldron-Hartig Extrusion Coating Installation, Marvellum Co., Holyoke, Mass. 


Integrated web process systems 
for Coating, Laminating & Casting 


Complete line: standard unwinds, 
winds, coaters, laminators, em- 


PLATFORM | 
| 


WINDER REVERSE ROLL COATER UNWIND CURING OVEN. BELT RETURN DRUM 
A 


PRE-CONDITIONING STAINLESS STEEL BELT 
OVEN / \ | \ bossers, extruders and ovens, es- 


pecially combined for your exact 





\ Ae Ds | SAS needs. One source. One responsi- 
9 Qe 8 e —~ ees — , 
Wi \ pry] ——_ _oe iit bility. Qualified representative 
7 —_— _—T oa — er a A v 





fo ORR mete me 7 EE aE A A RIO TEE escncooe: 2 O available on call. 
Cast coating line for Vinyl foam 





EXTRUDER SHEETING DIE DRAFTER SECTION UNWIND OVEN TENTER EXIT TURRET WINDER 
CASTING ROLLS | AUX.WINDER | TENTER ENTRY NIP ROLLS PRESSURE ROLL 
\ |  WEBGUIDE | TRIM | TRIM TREATER 
\ | Af | | 
o \ ae ee, —_, | | 
> 4 \ f } + WO F 4 4 
 _—_—- = ] o_o 3 ¢ 
it ¢ ahs = z 1 Pr = — - - dt 2) OY 
Hy \ aon —_ } ” b , 
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aD && | | || 
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Bi-qgially oriented film line 


WALDRON-HARTIG 


technical competence in web process machinery 


WALDRON-HARTIG, Box 791, New Brunswick, N. J./a division of Midland-Ross Corporation VA 
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FREE 
PRODUCT 
LITERATURE 


WHAT IT IS-HOW IT HELPS YOU 


THIS SECTION is a review, essentially of free literature made available 
by the companies who supply the basic materials, chemicals, equipment 
and services necessary to the production of plastics products. Over half the 
listings refer to material not previously made available through the pages 
of MODERN PLASTICS. The remaining material has been listed on the 
Manufacturers’ Literature pages of the magazine for the months of Sep- 


tember, 1960, up to and including July, 1961. 
Through use of these booklets, brochures, catalogs, and technical bulletins, 


you can conveniently supplement the information contained in the 


Encyclopedia Issue itself. 


HOW TO GET IT 


Just turn to the Reader Service Card Page at the end of this section, fill 


CONTENTS 


in the information . .. and mail. 


Resins and Molding Compounds, Foamed Plastics .......... 1045 


Chemicals and Additives for Plastics 
Film, Sheeting, Rods, Tubes 


Sus 0nedekmscanl eine aetnaeeee 1049 


Fillers and Reinforcements, Laminates and Reinforced Plastics 1049 
Custom Services for the Plastics Industry ...............+- 1050 


Machinery, Equipment and Supplies 





Resins and Molding Compounds, Foamed Plastics 


PLASTICS. 4-page illustrated folder de- 
scribes two polystyrenes and two poly- 
ethylenes. Typical physical properties, 
features, other data. Koppers, Inc., Plas- 


tics Div. (S-1) 
POLYETHYLENES. [Illustrated booklet 


covers complete line of polyethylenes. 
Physical characteristics including density 
and melt index, tensile yield strength, 
stiffness, in flexure, mold shrinkage, etc. 
Koppers, Inc., Plastics Div. (S-2) 


POLYPROPYLENE RESIN. 18-page il- 
lustrated book gives complete informa- 
tion on polypropylene including proper- 
ties, processing, cycle times, mold 
temperature, linear shrinkage, etc. Com- 
plete information, chemical resistance 
charts, etc. Montecatini. (S-3) 


VINYL RESINS. 14-page booklet with 
sample covers line of vinyl resins. Dis- 
cusses grades, flexibility and water bar- 
rier properties, adhesive properties, 
blending procedures, application tech- 
niques, suggested applications, etc. E. I. 
du Pont de Nemours & Co., Inc., Elec- 
trochemical Dept. (S-4) 


MELAMINE. 24-page illustrated book 
gives complete information on melamine 
including introduction, _ specifications, 
physical properties, applications, etc. 
British Oxygen Chemicals Ltd. (S-5) 


POLYESTER RESIN SELECTOR. IIlus- 
trated booklet gives complete informa- 
tion on line of polyester resins. Includes 
general purpose resins, room tempera- 
ture lay-up resins, resilient resins, hot 
strength resins, chemical-resistant resins, 
resins for special applications, etc. Amer- 
ican Cyanamid Co., Plastics & Resins 


Div. (S-6) 


POLYESTER RESINS. Booklet describes 
im ggaee resins for gs application. 
or construction of boats, swimming 


pools, furniture, industrial housings, etc. 
Also for lining of boats, tanks, walls, etc. 
Complete information including catalyst 
concentration chart. American Cyanamid 
Co., Plastics & Resins Div. (S-7) 


EPOXY SYSTEM. Technical data bulle- 
tin describes epoxy system for rotons 
preimpregnate abric. Covers typica 
properties of pre-preg resin solution, typi- 
cal glass reinforced laminate properties, 
general instructions, storage life, etc. 
Brunswick Corp., Defense Products ay 

-8) 


PLASTICS COMPARISON. 12-page il- 
lustrated folder offers comparison charts 
that evaluate the major properties of 
plastics. Includes data on cost—measured 
in cubic inches of material per dollar, 
heat deflection temperature at 264 p.s.i., 
impact strength at room temperature, im- 
pact at low temperature, tensile modulus 
or rigidity and hardness. Borg-Warner, 


Marbon Chemical Div. (S-9) 


THERMOPLASTIC RESINS. Illustrated 
booklet covers family of ADS thermo- 
slastic resins available in eleven major 
Soauiehetiaiat, Offers toughness, hardness, 
rigidity, good electrical properties, resist- 
ance to chemicals, etc. Borg-Warner, 


Marbon Chemical Div. (S-10) 
VINYL PROCESSING. Illustrated folder 


describes company geared to assist the 
vinyl processor in solving his production 
problems, improving his product quality 
and obtaining marketing advantages. 
Complete information, including produc- 
tion facilities, research and development 
facilities. Cary Chemicals Inc. S-11) 


ABS RESINS. Price list gives prices on 
complete line of ABS resins. Also in- 
cludes description of resins—including 
pipe material, heat resistant resins, sheet 
material resins, etc. United States Rubber 
Co., Naugatuck Chemical Div.  (S-12) 


POLYETHYLENES. Technical bulletin 
describes broad line of polyethylene res- 
ins, available for any film, injection, or 
blow-molding application. General infor- 
mation, complete technical data, other 
information. Rexall Chemical Co., Divi- 
sion of Rexall Drug & Cane 


POLYPROPYLENE. 12-page illustrated 
book describes polypropylene—lightest of 
all thermoplastics. Features, properties of 
injection molding and extrusion grades, 
many applications, other data. AviSun 
Corp. (S-15) 


POLYSTYRENES. Technical bulletin 
gives formulations; mechanical, physical, 
optical, thermal and electrical properties 
of 5 general purpose and modified im- 
pact grades of polystyrene. Solar Chemi- 
cal Corp. (S-16) 


PLASTIC FINISHES. Two _ brochures 
describe “Armorhide” and “Armorsol”; 
“Armorhide” is a textured plastic finish 
resembling leather and characterized by 
high abrasion and chemical resistance— 
can be applied at 60% solids. “Armorsol” 
is a modified vinyl dispersion coating 
combining workability of vinyl enamels 
plus abrasion resistance characteristic of 
the vinyl resin family. John L. Armitage 


& Co. (S-17) 


EPOXY RESIN ADHESIVES. 16-page 
brochure describes line of epoxy resin 
adhesives, gives prices, specifications and 
instruction sheet for use. Armstrong Prod- 
ucts Co. (S-18) 


SELF-ADHESIVE FOAM. Self-adhesive 
urethane foam for industrial and com- 
mercial uses has applications in product 
design, manufacture and packaging. It is 
a pressure sensitive polyurethene foam 
that adheres to a clean, , be surface after 
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removal of backing sheet. Air-O-Plastik 
Corp. (S-19) 


POLYETHYLENE PROCESSING 
GUIDE. 96-page guide to use of poly- 
ethylene for extruders, injection molders, 
blow molders, other uses of PE. De- 
scribes production, properties, processing 
techniques, shipping of PE resin. U.S. 
Industrial Chemicals Co., Div. Nat'l Dis- 
tillers & Chem, Corp. (S-20) 


PLASTICS RESINS AND MOLDING 
COMPOUNDS. 8-page brochure lists 
thermosetting molding compounds, fire- 
retardant resins for reinforced plastics 
and bending and coating resins. Gives 
data on when to use them, selection guide 
to properties. Durez Plastics Division, 
Hooker Chemical Corp. (S-21) 


METHACRYLIC RESINS. 8-page 
pocket-sized folder lists three types of 
methacrylic resins—gives color, thickness 
and size, thickness tolerance, properties 
and applications. Mitsubishi Rayon Co., 
Ltd. (S-22) 


VINYL FOAM. 4-page description of 
types and uses of vinyl foams which are 
readily electronically heat sealable. Uses 
tea & chair cushions, innersoles, gask- 
eting, coasters, packaging, etc. Micron 
Chemical Products Corp. (S-23) 


URETHANE FOAM. A urethane foam 
insulation dimensionally stable at sub- 
zero temperatures with an overall density 
of 2 lb./eu. ft. is described in this 4-page 
folder. Can be machine or batch mixed. 
Nopco Chemical Co., Plastics Div. (S-24) 


POLYESTER RESINS. Specifications and 
properties of this clear colorless solution 
of methyl ethyl ketone peroxides and 
hydroperoxides in dimethyl phthalate are 
given.. Used for low temperature poly- 
merization of polyester resins where fast- 
est gel and cure times are desired. Wal- 
lace & Tiernan, Inc., Lucidol Div. (S-25) 


POLYSTYRENE MOLDING. Trouble 
shooting guide for polystyrene molders 
includes dry coloring guide, list of mold- 
ing faults and possible remedies. 12-page 
brochure with inserts. Erinoid Ltd. (S-26) 


PLASTICS RESINS. Two bulletins de- 
scribe two nylon resins, giving chemistry, 
grades, handling, injection molding in- 
formation, mold design data, fabrication 
& machining, properties. Belding Corti- 
celli Industries. (S-27 


VINYL RESINS. 12-page brochure de- 
scribes line of vinyl homopolymer and 
copolymer resins produced by both sus- 
pension and emulsion polymer methods. 
Applications include phonograph records, 
wire and cable, coated fabrics, molded 
products, film and sheeting, extruded 
products, protective coatings. Diamond 
Alkali Co., Plastics Div. (S-28) 


COATINGS FOR METALS. 6-page bro- 
chure describes two water base coatings 
for all metals for air-dry, force-dry or 
baking systems. Coatings are non-flam- 
mable, non-toxic, water thinnable. Said 
to give protection and quality comparable 
to baking enamels and lacquers. Bee 
Chemical Co. (S-29) 


CELLULOSE PROPIONATE MOLD- 
ING COMPOUNDS. 14-page bulletin 
describes line of cellulose propionate 
molding compounds available in trans- 
lucent and transparent colors, having ade- 
quate heat distortion and freedom from 
objectionable odor. Celanese Polymer 
Co. Div..of Celanese Corp. of Ame'so) 


SILICONES. 8-page catalog describes 
a of —_ =~ for industry, incl 

antifoamers, foamers, ing agents, ad- 
hesives, paints, wane sae lubri- 
cants, insulator coating, etc. Dow Corn- 
ing \ (S-31) 


URETHANES. Catalog describes three 
basic groups cf urethane foarns: poly- 
ester, pooner and a soft, resilient open 
cell urethane. Physical properties, heat 
resistance, solvent and chemical resist- 
ance, flex resistance are discussed. Dayco 
Corp. (S-32) 


THERMOPLASTICS COMPARISON 
CHART. Pocket-sized folder lists five 
thermoplastics with their properties com- 
peree. Shows ASTM test method used 
or each property. A. L. Hyde Co. (S-33) 


EPOXY MOLDING METHODS. 8-page 
reprint on “Methods and Equipment for 
Mixing, Metering, apenas and Mold- 
ing Epoxies” covers g problems, 
continuous mixing and dispensing sys- 
tems, batch vacuum potting equipment, 


transfer molding equipment. Hull-Stand- 
ard Corp. (S-34) 


RIGID POLYETHYLENE. 24-page cata- 
log and data sheets describe many end 
uses for this rigid polyethylene resin and 
lists physical, chemical properties, pig- 
mentation and _ applications. Phillips 
Chemical Co., Plastics Sales Div. (S-35) 


EPOXY MOLDING COMPOUNDS. 
Pocket-sized kit gives data on complete 
line of epoxy molding compounds which 
are able to fll many voids in the thermo- 
setting plastic molding compound spec- 
trum. Fiberite Corp. (S-36) 


SYNTHETIC MICA. 34-page catalog de- 
scribes various formulations of synthetic 
mica, including three precision-molded 
materials which allow use of multiple 
cavity mold production with sharp detail. 
close tolerance control, intricate design, 
inclusion of metal inserts and absolute 
dimension stability. Mycalex Corp. of 
America. S-37) 


PLASTICS INDUSTRY. 36-page bookle 
outlines the “ABC’s of Modern Plastics”. 
Includes material on what plastics are, 
how they are made, what determines the 
plastic to use, how pe ee become prod- 
ucts, hidden uses of plastics, why we use 
plastics, where we use them. Union Car- 
bide Plastics Co., Div. of Union ei 


RESINS. Binder contains data sheets on 
PVC and copolymer resins (applications 
for records, injection molding, extrusion, 
calendering, etc.). Also detailed informa- 
tion on PVC profile extrusion and injec- 
tion molding compounds. Cary Chemicals 
Ine. (S-39) 


EPOXIES FOR TOOLING. 4-page il- 
lustrated brochure delineates useage of 
epoxy based resins for plastics tooling. 
Lists basic operations, typical tool fabri- 
cations, application analysis of tools. Fu- 
rane Plastics, Inc. (S-40) 


INDUSTRIAL PLASTICS. 16-page cata- 
log gives properties, applications of in- 
dustrial plastics, iacindien mill shapes 
and machined parts, tubing and hose, 
sintered plastic parts, molding resins, 
plastic coatings. The Polymer Corp. 
(S-41) 


EPOXY ——_. jf Pane beochage Reb 
ing specifications of araldite xy 

and solutions. Also hy are sug- 
gested applications and end uses. Ciba 
Products Corp. ( 


Corp. 


RESINS. 28- describes com- 
plete line o' with color 
samples, properties, other data. Com- 
mercial Resins Corp. (S-44) 


POLYVINYL DISPERSION, Illustrated 

12-page brochure gives general i 

tion on a ly formulated, high 

molecular weight, polyvinyl dispersion 
ich is a 1 non-volatile liquid not 


whi 

high pressure in converting to 
‘clid. Chemical Products Corp. ( 
CELLULOSE ACETATE BUTYRATE, 
4-page data sheet describes 
tate tyrate 


signed es: 
and similar a 


DIALLYL PHTHALATE RESIN. 2% 
page catalog give effect of various 


ral physical perties, e 
properties, otal resistance, 
resistance, proofing of 
phthalate resin for molding mat 


Food Machine & Chemical 
Chemicals and Plastic Div. oh 


CORROSION RESISTANT PVC. Dats 
file folder describes applications of cor 
rosion resistant PVC in use in lal 

exhaust system, waste acid neutraliz- 
tion tank, glass etchi _ aa etc, 
Bolta Products, Div. meral Tire & 
Rubber Co. (S-48) 


HIGH DENSITY POLYETHYLENE. 
20-page catalog lists “101 Ideas in high 
density Log ye lene”—pictures many ap- 
plications for resin. W. R. Grace & 
Co., Polymer Chemicals Div. (S-49) 


PLASTICS RESINS. 16-page illustrated 
catalog lists illustrations, uses, i 
ian roa gee of li 

A materials, yuretha 

B. F. Goodrich Chemical Co. 


POLYURETHANE RIGID FOAM. Two | 


brochures detail uses and applications of 
polyurethane rigid pour-in-place 
Uses include acoustical insulation, elec- 


tronics, packaging, flotation. General Le 
tex & Chemical Corp. (S-51) 


GLASS REINFORCED ALKYD MOLD- 
ING COMPOUNDS. 5 page booklet 
gives nature, molding information, a 
plications chart, properties chart for this 
molding compound. Applications espe 
cially in the electrical and electronic it- 
dustries. Glaskyd Inc. (8-52) 


EPOXY RESINS AND _ CURING 
AGENTS. 4-page brochure describes and 
gives specifications for line of epow Tes- 
ins and curing agents. Prices inc 
Jones-Dabney Co. 


POLYETHER URETHANE FOAM. * 
page brochure describes molder of foam 
i i square, 
ted, simply or in 
Bostrom Corp. 


ASPHALT-ASBESTOS COATING FOR 
MULATIONS. 12-page booklet coves 
the more popular types of cold applied 
solvent containing asphalt asbestos com 


positions, giving specifications procedure 





4a 5 = *s OS = 


—oco sos Seo 


rT ~—e ee —6hF aauCrvCU6mhTrmlUMMUCUGlCUm®Y 


" 


/ 
fa 
[- 
y 
a- 
Cc. 
& 
8) 
E. 
ah 
p 
& 
9) 
ed 
ae 
ls, 
Is. 
0) 
wo 
of 
Mm. 
ec- 
La- 


o 
= 


Sztzgaaq wees gery 


- 


GekaS Stes 


for manufacture of asphalt asbestos com- 
position coatings, etc. Lake Asbestos of 
Quebec, Ltd. (S-55) 


PLASTICS MATERIALS, 12-page boek- 
let describes complete operation of com- 
pany producing rigi and flexible plastic 
toams and adhesives and coatings. Casa- 
van Industries, Inc, (S-56) 


COATING OR MOLDING COM- 
POUND. A dispersion of. high molecular 
weight vinyl chloride polymer or co- 
polymer resins in liquid plasticizers which 
is non volatile, liquid, requires no high 
pressure when converting it to a solid is 
described in this 12-page illustrated cata- 
log. Chemical Products Corp. (S-57) 


POLYPROPYLENE. 8-page catalog gives 
chemical resistance, properties of brand of 
polypropylene molding compound which 
can be injection or compression molded 
extruded, thermoformed and heat sealed 
with standard machinery. Enjay Chemi- 
cal Co., Div. of Humble Oil & a | 
Co, (S-58 


NYLON RESINS. Illustrated 56-page 
booklet discusses the properties, design 
possibilities, applications, and advantages 
of “Zytel” nylon resins. Includes injection 
molding, extrusion, and wire coating tech- 
niques. E. I. du Pont de Nemours & Co. 
Inc. (S-59) 


REINFORCED MOLDING COM- 
POUNDS. Catalog of a line of reinforced 
molding compounds gives descriptions, 
specifications, recommended molding con- 
itions, storage and handling tips and 
suggestions on die selection and design. 
Atlas Powder Co. (S-60) 


POLYPROPYLENE. 18-page profusely 
illustrated booklet discusses the chemical 
nature and structure of “Moplen,” a 
thermoplastic material particularly useful 
for injection molding and _ extrusion 
methods. Properties are detailed as well 
as typical applications. Chemore Corp. 

(S-61) 


ACRYLIC. 20-page booklet gives detailed 
information on machining, forming and 
finishing of acrylic and other shapes. II- 
lustrated processes include layout, cut- 
ting, sawing, punching, drilling, routing, 
shaping and turning. Cadillac Plastic & 
Chemical Co. (S-62) 


RIGID VINYL. Three one-page technical 
data sheets on rigid vinyl and cellulose 
—<—. Specific — egy dene 
and impact stren, » water absorption 
and heat distortion detailed as are forms, 
thicknesses, maximum widths and colors. 
Nixon Baldwin Chemicals, Inc. (S-63) 


EPOXY LAMINATING RESINS. 2-page 
technical data sheets describe features of 
two epoxy laminating systems designed to 
eliminate allergic reactions in individuals, 
other advantages. Marblette Corp. (S-64) 


POLYESTER FINISHES. Illustrated bro- 
chure describes properties, uses and ad- 
vantages of a souchhieed polyester resin, 
“Glid-Tile,” available in glossy finishes 
and many colors, with special application 
in the coating of such building materials 
as concrete, cinder blocks, wallboard, 
wood and metal to provide a tile-like sur- 
face. The Glidden Co. (S-65) 


POLYCARBONATE THERMOPLAS- 
TIC, 4-page technical data bulletin sup- 
plies ialocuelienn on new plastic with en- 
gineering applications . . . a thermoplas- 
tic polycarbonate resin for processing by 
extrusion or injection molding. Tables, 
charts, specifications and data. Mobay 
Products Co., Sub. Mobay aun Co. 
-66) 


POLYETHYLENE. 12-page illustrated 
booklet describes new high-density poly- 
ethylene that combines durability and 
processability. Physical, chemical and 
electrical properties. Also, specific ad- 
vantages, features, grades and applica- 
tions, Goodrich-G micals, aS en 


PVC RESINS. Comprehensive 56-page 
manual gives details on company’s line of 
PVC resins, accompanied by extensive 
data on plasticizing, stabilizing, coloring 
and compounding. Includes much proc- 
essing information and detailed explana- 
tion of test methods. General Tire & 
Rubber Co. (S-69) 


EPOXY BONDING AGENTS. Two tech- 
nical data bulletins describe applications 
and features, physical properties of high 
strength epoxy adhesives for bonding 
such things as cast iron, steel, copper, 
aluminum, bronze, plastics: polyester 
phenolic, urea, melamine, acrylic an 


Mylar to themselves or each other. 
Chemical Development Corp. (S-70) 
SPRAYING ORGANOSOLS. Illustrated 
cal e describes line of organosols 
that hg a sprayed with conventional 
equipment like ordinary enamels. For 
products of 
nesium, glass, etc. Physical characteristics, 
Co 


a 
i , etc. The Stanley Chemi- 
oma — etc ey ($71) 


EPOXY CURING AGENTS. 10-page 
brochure discusses characteristics and 
properties of two bifunctional alkyl al- 
kanol amines. They undergo typical ter- 
tiary amine reactions in addition, 
contain hydroxy groups which give them 
some acteristics of alcohol. Pennsalt 
Chemicals Corp. (S-72) 


PLASTICS FOR INDUSTRY. Illustrated 
12-page booklet features properties and 
t foal end uses of various plastics. De- 
tatled results of ASTM tests on styrene, 
polyethylene and vinyl chloride molding 
compounds. Information on forms, typic 

uses and characteristics of fabricating, ex- 
truding, calendering, and laminating ma- 
terials, etc. Monsanto Chemical Co., 
Plastics Div. (S-73) 


FOAM SYSTEMS. Two bulletins de- 
scribe “infusible” foam systems — 
unique high-amp temperature resis 

soa rties and polyether foam systems 
with intermediate heat resistant proper- 
ties. Outstanding advantages, product in- 
formation, test results, notes. The Carwin 
Co, (S-74) 


EXTRUSION & MOLDING COM- 
POUNDS. Illustrated 4-page brochure 
lists vinyl and polyethylene extrusion and 
molding com ds, custom compound 
types and color concentrates. Outlines 
laboratory and plant facilities. Blane ee) 


aluminum, brass, mag- 


UREA RESINS, LAMINATING AND 
PHENOLIC VARNISHES. 16-page tech- 
nical bulletin describes features and 
shysical properties of 1) a series of Urea 
pondinkeds water soluble resins. 2) a 
series of phenolic laminating varnishes, 
post-forming core stop varnishes, phenolic 
varnishes. 3 a series of petites poly- 
vinyl chloride latex. Colab Resin oR 16) 


Chemicals and Additives for Plastics 


ANTI-OXIDANT FOR POLYOLEFINS. 
fechnical data bulletin with illustrations, 
describes inhibitor that is an effective 
anti-oxidant for polyolefins, such as poly- 
propylene, polyethylene, and various 
paratfin waxes. General description, typi- 
cal properties, milling stability, other 
data. Eastman Chemica Products, Inc. 
(S-77) 


ULTRA-VIOLET LIGHT INHIBITOR. 
Illustrated technical bulletin describes 
ultra-violet light inhibitor which is very 
effective in poly-(vinylchloride) formula- 
tions, when used in conjunction with a 
heat stabilizer, Complete information, in- 
cluding _ typical properties. Eastman 
Chemical Products, Inc. (S-78) 


STATIC ELIMINATORS. 8-page illus- 
trated book describes complete line of 
static eliminators. Complete specifica- 
tions, advantages, applications. Includes 
useful information on how static is gen- 
erated and eliminated. The Portland Co. 

(S-79) 


LIGHT-FASTNESS OF COLOR. Illus- 
trated brochure describes equipment for 
redetermining in the laboratory the light 
astness of colors and other photochemi- 
cal changes caused by exposure to sun- 
light. Complete description, specifications, 
applications, other data. Atlas Electric 

vices Co., Inc. (S-80) 


ALIPHATIC KETONES. Assorted data 
sheets describe symmetrical aliphatic ke- 
tones derived from corresponding fatty 
acids. Also included: aluminum pastes, 
epoxy resin catalyst, liquid beryum type 
zine stabilizers, etc. Argus Chemical 
Corp. (S-81) 


PLASTICIZERS. Spiral-bound, 36-page 
technical bulletin describes series of plas- 
ticizers specifically designed to meet cer- 
tain important requirements of the vinyl 
industry. Complete description, proper- 
ties, specifications, other data. Argus 
Chemical Corp. (S-82) 


WHITE MINERAL OIL, 8-page indus- 


trial research bulletin discusses white 
mineral oil for use in the plastics indus- 
try. Gives physical and chemical specifi- 
cations, uses with various plastics resins. 
Sonneborn Chemical and Refining pars 


ETHYLENE GLYCOL. 4-page technical 
bulletin describes chemical properties, 
specifications of ethylene glycol; applica- 
tions include antifreeze, explosives, hu- 
mectant and plasticizer, synthetic fibers, 
alkyd resins, esters, polyesters, heat trans- 
fer. Allied Chemical, Nitrogen me 


VINYL STABILIZERS. Data sheets and 
specifications for a complete line of sta- 
bilizers, including Organotins for pre- 
mium crystal clarity in PVC, barium- 
cadmiums for light stability with low-cost 
processing clarity, auxiliaries to oo 
compounding and performance charac- 
teristics of primary stabilizers. Metal & 
Thermit Corp. (S-85) 
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SYNTHETIC PEARL PIGMENT. 12- 
page booklet gives history, properties 
applications, and surface coatings of pear 
essence finishes available. Argenta - 
ucts Co. (S-86) 


SYNTHETIC OF GANIC CHEMICALS. 
Complete physical data, including ship- 
ping information on plasticizers other 
chemicals and additives for plastics. 
Union Carbide Chemicals Co., Div. 
Union Carbide Corp. (S-87) 


PIGMENTS. Luminescent pigment selec- 
tor chart lists daylight color, fluorescent 
or phoaghesescent color, specific gravity, 
chemical base, other data for fluorescent 
and phosphorescent pigments. United 
States Radium Corp. (S-88) 


LIQUID STABILIZER. 4-page brochure 
and data sheet on a vinyl stabilizer in all 
formulations for calendering, extruding, 
molding. Includes price lists. The Har- 
shaw Chemical Co. (S-89) 


ANTIOXIDANT. Leaflet describes a new 
antioxidant specially designed for appli- 
cation in polypropylene and also suitable 
for use in polyethylene. Lists uses, avail- 
ability, toxicity. Imperial Chemical In- 
dustries, Ltd. (S-90) 


ISOPHTHALIC. 8-page folder discusses 
application and use of this non-hy 

scopic, non-caking, high-melting white 
crystalline powder used in the plastics in- 
dustry for saturated and unsaturated 
polyesters, polyamides, polyester-amides, 
etc. Oronite Chemical Co., A Calif. 
Chem. Co, Sub. (S-91) 


PIGMENTS FOR PLASTICS. 5 data 
sheets describe pigments used for color- 
ing various plastics—gives special proper- 
ties, physical properties, lightfastness, 
solvent bleed, etc. General Dyestuff Co., 
Div. Gen. Aniline & Film Corp. (S-92) 


ULTRAVIOLET ABSORBERS. 12-page 
booklet presents both new and estab- 
lished uses of ultraviolet absorbers in 
clear coatings. Brings reader up to date 
with company’s evaluation program and 
serves as a reference for starting formu- 
lations with many different vehicles. 
Antara Chemicals, Div. General Aniline 
& Film Corp. (S-93) 


CHEMICALS & PLASTICIZERS. 32- 
page catalog gives s cations, applica- 
tions for 8 chemic polymerics, seba- 
cates, adipates, ph tes. Also includes 
charts, test methods. Wallace & Tiernan, 
Inc., Harchem Div. (S-95) 


PIGMENTS. 26-page pigment handbook 
gives technical reports, including prop- 
erties and applications of pure yellow, 
red, black iron oxides; “very very fine’ 
pigments, etc. C. K. Williams & Co. 
(S-96) 


COLORS FOR PLASTICS. 4-page bro- 
chure describes line of dyes for plastics 
industry; gives applications, how-to-use 
information, offers color sample _ kit. 
Patent Chemicals, Inc. (S-97) 


CHEMICALS FOR PLASTICS. One pig- 
ment described imparts flame resistance 
to point and piace compositions and has 
a low specific gravity and low tinting 
strength. A supplementary vinyl stabilizer 
offering a specialized approach to the 
control of plating, hazing, crocking and 
dry hand in vinyl products is also dis- 
cussed in these data sheets. National 
Lead Co. (S-99 


ORGANIC INTERMEDIATES. 12-page 
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booklet describes properties, packaging 
and shipping information for large group 
of organic intermediates used for organic 
and pharmaceutical products. a a 
Chemicals, Inc. S-100) 


PIGMENT. 24-page catalog lists avail- 
able colors, properties, uses of line of 
pigments in a vesey of physical forms. 
Explains methods by which assi 

property ratings were determined. Coll- 
way Pigments, Div. of General Aniline & 
Film Corp. (S-101) 


RELEASE AGENT. 24-page booklet 
gives definition of abhesive or 

agent intended to effect the physical re- 
lease of components from adjacent sur- 
face. Product is packaged in aerosol wend 
container. Price-Driscoll Corp. (S-102) 


RELEASING PARCHMENTS. Samples 
of various types of releasing parchments 
and product information iving 
properties, release, surface, flexibility, 
printability, etc. are included in this data 
kit. Paterson Parchment Paper Co. 
(S-103) 


POLYSTYRENE COLORS. Folder with 
color swatches describes line of opaque 
and transparent colors for polystyrene. 
Specially treated to afford a minimum of 
dusting and to aid dispersibility. H. 
Kohnstamm & Co., Inc. (8-104) 


PIGMENTS. 4-page folder explains 
“Murano,” a synthetic nacreous pigment. 
It can produce a play of colors in con- 
junction with pearly luster for many a 

plications, (Previously confined to o 

taining color play in cast methacrylate). 
Its use in ie coatings and plastics is 
described. The Mear! Corp. (S-105) 


PLASTICIZERS. 28-page catalog de- 
scribes low temperature, polymeric, 
epoxy, plasticizers. Includes performance 
data comparison chart, pong chart, 
specific gravity chart, end uses. Uses ir 
clude film, sheeting, coated fabrics, floor- 
ing, extrusions, plastisols, vinyl foam. 
Emery Industries, Inc., Organic Chemical 
Sales Dept. (S-106) 


ANTISTATIC AGENT. 4-page technical 
data sheet describes a slip agent and anti- 
static agent for extrusion and molding of 
polyethylene. Agent was developed for 
use in quality products. Fine Organics, 
Inc. -107) 


PLASTIC ODORANTS. 8-page booklet 
discusses use of plastic odorants, includ- 
ing technical considerations, sources of 
malodor, methods of masking, list of con- 
centrated odorants, thermoscents. Fritz- 
sche Brothers, Inc. (S-108) 


CADMIUM COLORS. Color swatch 
folder gives background, composition, 
properties of cadmium pigments. These 
pigments are used when clear, intense 
on of exceptional fastness are needed; 
used in acrylics, cellulose nitrate, many 
lastics resins. General Color Co., Inc., 
Div. of H. Kohnstamm & Co., Inc. 


(S-109) 


PLASTICIZER STUDY. 40-page techni- 
cal bulletin presents a compilation of 
data obtained from a plasticizer compati- 
bility evaluation performed on_polyester 
resin, Chemical Div., The Goodyear Tire 
& Rubber Co. (S-110) 


PLASTICIZER. 4-page brochure de- 
scribes and gives specifications, proper- 
ties, advantages of this light colored, 
lymeric, epoxy- plasticizer formu- 
fated for optimum balance of plasticizer 
properties. Reichhold Chemicals, Inc. 
(S-111) 


LIGHT ABSORBERS. 10-page data 
sheet two light absorbers de. 


letin presents 

and evaluation as well as exposure data, 
American Cyanamid Co., Intermediates 
Dept. (S-119) 


DAYLIGHT FLUORESCENT pic. 
MENTS. 10-page technical bulletin dis. 
of daylight fluo cee Cae 
ight rescent mts. Co 
swa , prices leied Temes Broth- 
ers Inc. (S-114) 


CHEMICALS FOR PLASTICS. 4 data 
sheets describe silver conductive adhe- 
sives; disintegrators for stripping cured 
epoxy, pol , polyester and simi- 

compounds; resin for masking or tem- 
porary of wire leads, lugs, 


protection 
contact points, etc. Isochem = a 


STABILIZERS. 4- catalog lists the 
“ hemi, bs wi 

See Band includes 

a section on problems encoun- 
tered in vinyls as well as laboratory test- 
ing methods for heat and light stabilizers. 
Ferro Chemical, Div. of Ferro Ca 3 * 


PLASTICS ADDITIVE. Properties, ap- 
plications, of synthetic calcium sulfonate 
in a medium having visetictaing proper- 
ties, are di in 10-page brochure. 
Applications include use as a_plastisol 
viscosity depressant, pigment dispersant 
in plastisols, time saving dispersant in 
remixing tions, etc. Continental Oil 
Co., P mical Dept. (S-117) 


COLOR CONCENTRATES. Color 
swatch book includes colors of calen- 
dered and extruded vinyl yielding strik- 
ingly color vinyl having a_pearl-like 
luminosity. tae My colors included. 
Claremont Pigment Dispersion Crs » 


LOW OPACITY COLORS. 4-page folder 
shows low onecity light-fast, non 
acid-alkali stable, ily dispersible 
non-bleeding colors for use in can 
closure coatings, automotive metallic 
finishes, wood stains, etc. Columbia Car- 
bon Co., Mapico Iron Oxides Unt se) 


COMPOUNDING, STABILIZATION 
OF RIGID POLY. 10-page folder and 
technical data sheets point up new boun- 
daries of usefulness for rigi vinyls. Ad- 
vance Solvents & Chemical Div., Carlisle 
Chemical Works, Inc. (S-120) 


INDUSTRIAL FUNGICIDES. Catak 
describes complete line of indus 
fungicides, including copper, copper & 
uinolinolates, mercurials, zincs, organi¢ 
ungicides, metallo-organic fungici 
and preservative formulations. Complete 
information, applications, prices, 


other 
data. Nuodex Products Co. (S-121) 


METALFLAKE DECORATION. Illus 
trated 6-page brochure discusses the areas 
of use for colored metal flakes desi 

for laminating into plastic sheeting. The 
Dobeckmun Co. (S-128) 


VINYL LUBRICANT. Folder describes 
specifications and properties of a bea 
wax which acts as a lubricant during & 


trusion and is said to impart a “patent 
leather” finish. Lanair Co. (5-123) 


ANTI-STATIC AGENT. Bulletin sheet 
describes an anti-static agent for ny: 
synthetic blends and wool. Supplied #& 





STAs Tr Har errr eS 


7TTeT eS 


Ferrers = 


5% solution, ready to use, or as crystalline 
powder. Applied by spray or sponge. Fine 
Organics, Inc. (S-124) 


ANTI-STATIC AGENT. 4-page brochure 
describes an anti-static agent said to have 


POLYPROPYLENE FILM. 8-page illus- 
trated book describes polypropylene film 
and its manufacturing process. Applica- 
tions and complete summary of proper- 
ties included. AviSun Corp. (S-128) 


MACHINING & FABRICATION OF 
NYLON. 4-page folder gives information 
on machining nylon rod, sheet, and heavy 
wall tubing manufactured by this com- 
pany. Includes properties chart. Westlake 
Plastics Co. (S-129) 


PLASTICS SHEETS FOR DRAWING. 
Booklet describes types, sizes, use, re- 
production methods, transfer process of 
plastic sheets for drawing, cartograph 
and printing applications in general. 
Mazzucchelli Celfuloide s.p.a. (S-130) 


FABRICATED SHAPES. 4-page _ bro- 
chure tells where to buy polycarbonate 
resin in standard fabricated shapes (film, 
sheet, plate, slabs, discs, tubing, rod). 
Lists fabricator, types of shapes available. 
General Electric, Chemical Materials 


Dept (S-131) 


PVC FILMS. Data sheets describe ori- 
ented line of PVC films and water soluble 
polyvinyl alcohol films. General charac- 
teristics, chemical resistance properties, 
applications. Reynols Metals Co. (S-132) 


long-lasting effect with all hard-surfaced 
plastics, both thermoplastic and thermo- 


set. Merix Chemical Co. 


KETONE PEROXIDES. 6-page brochure 
describes features and applications of a 


Film, Sheeting, Rods, Tubes 


PLASTIC EXTRUDED PRODUCTS. 
22-page data file includes information on 
this company’s services, a mechanical 
potents selector chart, materials speci- 
cation chart, chemical resistance aot 
peodestion and engineering ‘tips standard 
imensional tolerances, etc. Minnesota 
Mining and Mfg. Co., Irvington Div. 
(S-133) 


EXTRUDED PRECISION SHAPES. 4- 
page, illustrated folder describes line of 
plastic extruded shapes and fabricated 
parts. Bulletin outlines application to 
three important plastic materials. Speci- 
fications, data. National Vulcanized Fibre 
Co. (S-134) 


PLASTIC EXTRUSIONS. 8-page bro- 
chure illustrates plastics extrusion service 
for plastic, appliance, aircraft and missile, 
etc., fields. Such materials as rigid vinyl, 
elastomeric vinyl, polyethylene, styrene 
are used, Crane Plastics, Inc. (S-135) 


PLASTICS PARTS: MOLDING & MA- 
CHINING. A study of factors that deter- 
mine when to mold and when to machine 
a plastic part reveals there is no fixed 
qoaly above which molding is cheaper 
than machining, or vice versa, is con- 
tained in this 6-page booklet. Reveals 
specific break even points for 10 different 


ketone peroxide in a diluent of dimethyl 
phthalate, a clear, oily, mobile liquid 
possessing greater reactivity than other 
low temperature organic peroxide cata- 
lysts. U. S, Peroxygen Corp. (S-127) 


categories of thermoplastic parts. Cadillac 
Plastic & Chemical Co. (S-136) 


EXTRUDING FROM STOCK DIES. 
4-page brochure shows in profile several 
dozen shapes available from a stock of 
standard dies. Lists the plastic com- 
pounds kept in stock. Conneaut Rubber 
& Plastics Co. (S-137) 


RODS, TUBES, SHEETS. 10-page cata- 
log lists prices, and other information on 
nylon rods, electrical spaghetti, nylon 
pressure tubing, sheet plastics, etc. Car- 
mer Industries, Inc. (S-138) 


PLASTIC FILM LAMINATIONS. Illus- 
trated article describes plastic films 
continuously laminated to rigid and semi- 
rigid stubstrates. Covers continuous ap- 
plication of plastic films to discontinuous 
or continuous substrates for horizontal or 
vertical applications, either decorative or 
functional. C. A. Litzler Co., Inc. (S-139) 


PLASTIC TUBING. Illustrated sheet de- 
scribes plastic tubing from % in. in di- 
ameter to 16 in. in diameter. Flexible or 
rigid . . . in rigid and standard poly- 
ethylene, rigid and elastomeric vinyl, 
acrylic cellulose acetate, cellulose bu- 
tyrate, etc. Yardley Plastics Co. (S-140) 


Fillers and Reinforcements, Laminates and Reinforced Plastics 


REINFORCED PLASTICS. Illustrated 
report called “Tooling with Gypsum 
Plasters for Reinforced Plastics,” illus- 
trates many quick, inexpensive tooling 
techniques for the reinforced plastics in- 
dustry. Includes information on fabricat- 
ing original models and patterns, tooling 
with gypsum plasters for “glass fiber 
ducts,” molds for reinforced plastics, etc. 
United States Gypsum Co., Industrial 
Sales Div. (S-141) 


FIBRE-RESIN-SPRAYING PROCESS. 
Series of illustrated bulletins describe 
ibre-resin-spraying process that elimi- 
nates many difficulties and handicaps, 
and offers opportunity to use fibre rein- 
forced plastics for quantity production 
economically, Complete description, pho- 
tos, charts, other data. Aust & Schutt- 
ler Ci (S-142) 


FIBER REINFORCING MAT. Illustrated 
data sheets describe continuous fiber re- 
infor ing mat, structural mats and tapes, 
chopped fiber strands, veils, etc. Com- 
plete information, including specifications. 


Modiglass Fibers, Inc. (S-143) 


GLASS TEXTILES. 30-page illustrated 
00k describes complete line of glass tex- 
tiles for industry. Covers types and prop- 
erties of glass textiles, woven fabrics, 
broad glass fabrics, glass tapes, glass 
fabric finishes, etc. Hess, Goldsmith & 
Co., Ine. (S-144) 


REINFORCED PLASTICS, Illustrated 
ooklet gives information on new con- 
rm ts design and color in reinforced 
P stics General information including 
ypical minimum physical properties of 


+ 


Machine 


reinforced } wag The Cincinnati rar 


., Cimastra Div. (S-14 


REINFORCED LAMINATES. Illustrated 
bulletin titled “New Copper Clad Glass 
Reinforced Laminates For Electrical 
Use” discusses copper clad materials 
used by the printed circuit industry, prop- 
erties of laminates at elevated tempera- 
tures, electrical properties of etched lam- 
inates, copper clad laminates property 
comparison chart. The Cincinnati Milling 
Machine Co., Cimastra Div. (S-146) 


FIBER GLASS FABRICS. Illustrated 
brochure with spiral binding covers com- 
plete line of fiber glass fabrics for indus- 
try. Includes lightweight and electrical 
glass fabrics, boat and tooling glass fab- 
rics, woven roving glass fabrics, glass 
tapes, filtration fabrics. Complete infor- 
mation, specifications, finishing prices. 
J. P. Stevens & Co., Inc. (8-147) 


REINFORCED PLASTICS. 8-page fold- 
er discusses complete reinforced plastics 
service offered, shows electronic parts, 
structural parts, corrosion resistant parts, 
mock-ups, etc., produced. Atkins & Mer- 
rill, Inc. (S-148 


REINFORCED PLASTICS PRODUCTS. 
Data kit includes information on prod- 
ucts produced by these designers and 
processors of reinforced plastics products. 
Armored Plastics Co. (S-150) 


FIBER GLASS TEXTILE YARN. 12- 
page brochure gives fiber comparison 
chart, yarn comparison table, applications 
and specifications for line of fiber glass 
textile yarns and other yarn products. 
Johns-Manville. (S-151) 


INDUSTRIAL PAPERS. 4-page folder 
shows some uses of these “papers to solve 
sticky problems”; carrier sheet for flexible 
decorative laminates, interleaving sheets 
for plastic insulating materials, protective 
sheeting for calking compounds, ete. 
KVP Sutherland Paper Co. (S-152) 


FABRICATED PARTS. 8-page brochure 
describes an asbestos-reinforced thermo- 
setting plastic which is laminated and 
molded or machined into precision parts 
used in varied assemblies in many indus- 
tries. Properties, comparative data given. 
Raybestos-Manhattan, Inc., Equipment 
Sales Div. (S-153) 


GLASS REINFORCED PLASTICS. 4- 
page brochure outlines services and fa- 
cilities of this custom fabricator of glass 
reinforced plastics. Structurlite Plastics 
Corp. (S-154) 


ASBESTOS/PHENOLIC MOLDING 
COMPOUNDS. 4-page bulletin on as- 
bestos reinforced shemale molding com- 
pounds developed to meet need for ever- 
increasing resistance to high temperature 
environments, Grades, recommended 
molding procedures, mechanical and elec- 
trical properties, thermal properties 
given. U.S. Polymeric Chemicals, Inc. 


(S-155) 


METAL CLAD LAMINATED .PLAS- 
TICS. 6-page brochure describes produc- 
tion of printed or etched circuits, based 
on use of laminated plastics as an insu- 
lating material. Gives specifications for 
various grades of metal-clad laminates. 
Synthane Corp. (S-156) 


PLASTIC IMPREGNATED MATE- 
RIALS. 20-page catalog describes line of 





impregnated papers for decorative lami- 
nates, industrial applications, fabrics for 
high and low pressure molding, custom 
impeogaating service, Fabricon Products, 
Div. gle-Picher Co. (S-157) 
REINFORCEMENTS. 12-page booklet 
details specifications and prices for rein- 
forcing mat, woven roving, rs, 
other fiber glass reinforcements produced 
by this company. Ferro Corp., Fiber 
Glass Div. (8-158) 


GEL COATS FOR REINFORCED 
POLYESTER LAMINATES.  6-page 
technical bulletin gives information on 
catalysis, application, viscosity reduction, 
cleaning equipment, laminating proce- 
dures, tooling of color gel coats for rein- 
forced lyester laminates. Ferro Pat 


Color Div. 

GLASS POLYESTER MOLDING MA- 
TERIALS. Data file contains specifica- 
tions for molding materials compounded 
with polyester resins, fibrous glass rein- 
forcement, and various inert mineral fill- 
ers. Reprint of articles on problems with 
premix molding, quality control included. 
The Glastic Corp. (S-160) 


ASBESTOS FIBRE. 18-page bulletin de- 
scribes standard test procedures for eval- 
uation of asbestos fibre. Sampling, fibre 
length, bulk and density, viscosity, air 
permeability, etc. are included. Lake As- 
»estos of Fesbec, Ltd., Sub. of American 
Smelting & R (S-161) 


REINFORCING MAT. 4-page brochure 
gives information on a fiber glass chopped 
strand mat for sheets, boats, and high 
pressure molded products. Specifications 
chart included. Pittsburgh Plate Glass 
Co., Fiber Glass Div. (S-162) 


efining Co. 


GLASS FIBER INSULATION. 4-page 
bulletin describes high-quality thermal 
and acoustical insulation of glass fiber 
manufactured to meet Navy specifica- 
tions. Can be had in thermal plain, ther- 
mal faced and perforated acoustical types. 
Also custom-molded forms and special 
thicknesses. Fibrous Glass —?. 14) 


POLYESTER PRE-IMPREGNATED 
GLASS CLOTH. File folder contains 
sample, technical data on flame-resistant 
polyester resin pre-impregnated glass 
cloth for use in laminates for electrical 
and electronic applications. Standard In- 
sulation Co. (S-165) 


CLAY FILLER FOR REINFORCED 
PLASTICS, 20-page technical handbook 
contains comprehensive discussion of use 
of hydrite kaolinites as filler for rein- 
forced plastics. Includes chart and graph 
data of kaolinite-filled resins. Georgia 
Kaolin Co. (S-166) 


HEATING TAPE. Illustrated bulletin 
describes heating tape for the sign in- 
dustry. Used for heating that portion of 
an acrylic sheet where a bend is desired. 
General description, prices, other data. 
Briscoe Mfg. Co. (S-167) 


ASBESTOS FIBERS. Technical bulletin 
describes aeid digested asbestos fibers—a 
purified form of asbestos that offers many 
chemical and physical advantages over 
raw asbestos and other reinforcing fillers. 
Asbestos Corp. of America. (S-168) 


FIBERGLASS REINFORCED PLAS 
FT ude teraeet poaeasn of Real 
of world’s cers 0 

reinfo lastics. Complete Been 
of mo , applications, 
other data. The Molded Fiber Glass Co, 


(8-169) 


FIBERGLASS. Folder with catalog 

describes custom molded fiberglass te 
industry, including fume hoods, process 
and plating tanks, exhaust stacks, pans, 
troughs, duct work. Also covers 
orthophthalic polyesters. Poly-Fibre Asso. 
ciates, Inc. (S-170) 


REINFORCING MATERIALS. 24-page 
book describes extra strong, Hightwet 
reinforcing material for molding with 
thermosetting and thermoplastic resins, 
Offers solutions to problems of surface, 
abrasion-resistance, chemical-resistance, 
stain-resistance, wicking, electrical 
erties—wet or dry. Troy Blanket ie 
-171) 


FIBER GLASS WOVEN ROVING, 4 
age illustrated catalog folder describes 
= the and applications of a line of fiber 
glass woven roving fabric designed for 
use in construction of such things as fiber 
lass swimming pools, large containers, 

ats, etc. Bean Fiber Glass, Inc. (S-172) 


WATER GROUND MICA. 6-page br- 
chure gives technical data on a water 
ground mica designed for application to 
molding, parting, casting compound, for 
primers, sealers, latex emulsions, house 
paint, coated paper, wallpaper industries. 
Hayden Mica Co. (S-173) 


Custom Services for the Plastics Industry 


DESIGN INSERTS. 4-page bulletin with 


samples descri a pre-printed method 
of decorating low-pressure fibrous glass 
molded products. General information, 
other data. E. F. Twomey Co., Inc. 
(S-174) 


ELECTROFORMING. Bulletin describes 
activities of concern that specializes in 
precision plating. For plastics molders and 
finishers. Mold repairs, also injection 
molds, slush casting molds, rubber molds, 
vacuum forming molds, etc. B & E Elec- 
troform Co. (S-175) 


JAR MILLS. Illustrated catalog with 
complete information and specifications 
describes jar and jar rolling mills for the 
laboratory, pilot plant, and small produc- 
tion. Covers selecting the right size mill, 
special mills, accessories, etc. Paul O. 


Abbe Inc. (S-176) 


PLASTIC PARTS. 12-page illustrated 
brochure describes facilities of one of 
America’s leading concerns making plas- 
tie parts. Complete description, photos, 
general information. Perry rae 


CUSTOM MOLDING. 6-page folder de- 
scribes complete custom molding service 
offered by this custom molder of expand- 
able polystyrene. Includes examples of 
products molded. Weber Plastics, Inc. 
(S-178) 


CUSTOM MOLDERS. 4-page illustrated 
folder describes this company’s custom 
molding service for making precision- 
molded plastics products and components. 
Products illustrated range from large 
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structural parts to miniature parts for 
0.e.m. Wayne Plastics Corp. (S-179) 


CUSTOM MOLDING. 7-page illustrated 
brochure describes injection molding, sin- 
tered plastics, foam molding and vacuum 
forming activities of this company. Also 
a description of equipment and facilities 
and research and engineering services. 
Hermsdorf Industries, Inc. (S-180) 


CUSTOM ENGINEERING & FABRI- 
CATING. 10-page catalog lists services 
of this company which include production 
design and development engineering for 
industrial products. List of equipment 
available, Deouigtiee of products devel- 
oped included. Supersonic Blast, Inc., 
Div. American Technical Machinery 
Corp. (S-181) 


PLATING. 6-page brochure d 
plating service for surface finish on plas- 
tics to prevent iron impurities, preserve 
pattern textures and lower production 
costs. Chromium Corp. of America. 
(S-182) 


CUSTOM MOLDING. 12-page illus- 
trated brochure describes custom mold- 
ing service cameos engineering, de- 
sign, mold making, molding and finishing 
of custom molded products including 
pulls, knobs, and handles. Imperial 
Molded Products Corp. (S-183) 


CUSTOM MOLDING. 4-page data sheet 
describes molding service for producing 
thermoplastic industrial parts and com- 
plete items; also a free engineering serv- 
ice. Industrial Plastic Molders, Inc. 


(S-184) 


CUSTOM COATINGS. 4-page brochure 
describes custom coating service for pre- 
vention of adhesion, build-up, corrosion, 
contamination, abrasion, metal erosion, 
thermal damage, electrical loss, wear; 
materials used are Teflon, Kel-F, Penton, 
Rokide, Gencote. General racine 


CUSTOM MOLDER. 6-page brochure 
describes new molding process that r- 
moves the size limitations of molded parts 
while reducing initial expenditures for 
development and tooling. Examples in- 
clude gallon chemical processing 

of one piece construction, one-piece out- 
board motor boat, 12 feet in length with 
wall section of approx. .250. Amos 
Thompson Corp., Sintrex Div. (S-187) 


INJECTION MOLDING POLYETHYL 
ENE. Booklet is offered as practical 
guide to the injection molder of - 
ethylene to show him how to cont 
improve the quay of his product, 
recognition of fundamental resin 
molding variables and their effects upon 
the salient properties of the molded piece. 
Union Carbide Plastics Co., Div. of Union 
Carbide Corp. (S-188) 


CUSTOM MOLDERS. Series of bulletins 
describes and illustrates products this 
company has molded of reinforced plas- 
tics to solve client’s designing problems. 
Includes meteorological radome, m 

ring, outdoor milk dispenser. Valco Cor. 
poration. (S-189) 


MOLDING EXPANDABLE POLYSTY- 
RENE. Data sheets describe systems 
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mold expandable polystyrene and include 
a survey to determine exact requirements 
for a specific application. Also included 
is brochure describing the custom mold- 
ing service available from this company. 
Expandex Corp. (S-191) 


CUSTOM LAMINATOR. 16-page illus- 
trated brochure describes services of 
company which bonds reverse printed 
polyester surfacing and laminating film 
to various sub-strate material to make a 
finished product such. as wall paneling, 
kitchen cabinet doors, etc. Decar Plastic 
Corp. (S-192) 


CUSTOM MOLDING. 12-page brochure 
describes services of this company which 
specializes in all-vinyl laminated con- 
struction, letterpress and offset printing 
processes, vacuum forming, die-cutting. 
List of other operations, custom molding, 
advertising and sales promotional special- 
ties, instruments, dials, knobs, included. 


The Emeloid Co., Inc. (S-193) 


EXPOSURE AND SERVICE TESTING 
FOR PLASTICS. A 12-page booklet de- 
scribes service which provides quick test- 
ing of durability and permanency of plas- 
tics to accelerated actual weathering and 
sunlight. South Florida Test ee 14) 


CUSTOM MOLDING. 4-page folder de- 
scribes new materials and facilities of 
et New Jersey custom molder. Mate- 
rials include epoxy and polyester resins, 
silicones and vinyl plastisols and plasti- 
gels. New facilities encompass casting, 
potting, low pressure molding, dipping 
and electronic assembly. Boonton Mold- 
ing Co. (S-195) 


DECORATED MOLDED PARTS. Il- 
lustrated sheet describes plants, facilities, 
processes of manufacturer for producing 
high quality decorative plastic parts. Fin- 
ishes include top-surface, and rear-surface 
vacuum metallizing, silk-screen, etc. An- 
dover Industries, Inc. (S-196) 


INJECTION MOLDING. Illustrated bul- 
letin describes injection molding special- 
ists—molding in nylon, lypropylene, 
Delrin, Teflon, vinyls, polystyrene, etc. 
Range: from fractions to 50 in. wide, 50 
in. high, 25 in. draw. The Dover Molded 
Products Co. (S-197) 


MOLDING AND FABRICATING. 16- 
page booklet describes manufacturing fa- 
cilities capable of producing plastic stock 
shapes and custom molded and fabricated 
parts. Injection ge extruding and 
machining facilities. Also includes spe- 
cification sheets on “Teflon”, “Nylon”, 
“Derlin” and C.T.F.E. Garlock, Inc. 
(S-198) 


CUSTOM EXTRUDED POLYETHYL- 
ENE, 4-page illustrated brochure de- 
scribes features, facilities of a polyethyl- 
ene custom extrusion molding and lami- 
nating service. Contour Extrusion Co., 
Inc. (S-199) 


Machinery, Equipment and Supplies 


VACUUM FORMING. Data sheets with 
photo attached describe rotary vacuum 
forming machine, continuous vacuum 
forming machine, vacuum forming ma- 
chine, forming and trimming machine. 
Complete specifications, prices, other 
data. Brown Machine Co. (S-200) 


VACUUM FORMING. 12-page brochure 
describes, in picture story form, several 
techniques that may be used to make 


molds and forms for vacuum forming 
plastic sheet materials. Shows how to 
fabricate molds and forms quickly and 
inexpensively. Complete information in- 
cluded, United States Gypsum Co., In- 


dustrial Sales Div. (S-201) 


COMPRESSION PRESS. Illustrated 4- 
page folder describes 20-ton fully auto- 
matic compression press that has been 
modified to reduce cycle time and sim- 
plified to reduce production costs. Com- 
plete information, including  specifica- 
tions. B.I.P. Engineering Ltd. (8-202) 


WOVEN WIRE FABRICS. 8-page illus- 
trated book describes complete line of 
woven wire fabrics including aggregate 
screens, filter cloth, cotton impression 
cloth, ete. Chart describes standard grades 
of woven wire fabrics. Sherwatt Equip- 
ment & Mfg. Co., Inc. (S-203) 


PLASTIC WELDER. Illustrated bulletin 
describes electric plastic welder that 
welds thermoplastics safely, efficiently, 
rapidly. For polyethylene, rigid PVC, 
plasticized vinyl tank linings, etc. Gen- 
eral information, specifications, features, 
other data. Seelye Craftsmen, Inc. ($-204) 


DIE CUTTING MACHINE. Illustrated 
6-page folder describes hydraulically- 
powered die cutting machine with elec- 
tronic controls. Exerts hydraulic pressure 
up to 30,000 Ibs. Complete description, 
specifications, features. United Shoe Ma- 
chinery Corp. (S-205) 


HEAT SEALING MACHINERY. 12- 
page illustrated booklet describes ther- 
mal impulse heat sealing machinery. 
Hand, foot pedal, and power operated 
pneumatic and electromagnetic models. 
Also contains description of thermal im- 
pulse process of heat sealing. Vertrod 
Corp. (S-206) 


INJECTION MOLDING MACHINES. 
12-page illustrated booklet describes au- 


tomatic plastic injection molding ma- 
chines with screw injection unit. 
Complete description, specifications, sche- 
matic diagrams, etc. Buhler Brothers En- 
gineering Works. (S-207) 


GRANULATING MACHINES. _Illus- 
trated bulletin describes complete line of 
plastics granulating, pelletizing and dicing 
machines. For every need from labora- 
tory models to the ultimate in size and 
capacity. Complete descriptions, specifi- 
cations, other data. Cumberland Engi- 
neering Co., Inc. (S-208) 


CUSTOM-BUILT HYDRAULIC PRESS. 
4-page illustrated folder describes cus- 
tom-built hydraulic presses available at 
stock machine prices. Complete descrip- 
tions, specifications, applications, etc. 
Clifton Hydraulic Press Co. (S-209) 


COOLING, CIRCULATING UNIT. I- 
lustrated brochures with complete speci- 
fications describe cooling and circulating 
unit, high temperature controi units, 
single temperature control units, triple 
control units, etc. Sterling, Inc., Industrial 
Control Div. (S-210 


BALL, PEBBLE MILLS. Illustrated book 
covers ball and pebble mills for batch 
and continuous operation. Includes oper- 
ation of ball and pebble mills, design and 
construction, accessories, complete engi- 


neering data. Paul O. Abbe Inc. (S-211) 


FUSING, CURING, DRYING. Illustrated 
booklet covers complete line of ovens for 
efficient fusing, curing and drying. Low 
pressure vapor is used as a heat-carrying 
vehicle, thus eliminating fire hazards. 
Complete descriptions, specifications, 
other data. F. C. Dawson Engineering 
Co. (S-212) 


INJECTION MOLDING. 6-page illus- 
trated reprint, titled “Plasticizing Systems 
for Injection Molding Machines,” covers 
various aspects of injection molding. In- 
cludes information on plunger plasticiz- 
ing, screw injection molding—with plas- 
ticizing and injection both performed by 
screw, screw injection molding—with 
screw plasticizing and plunger injection, 
etc. Complete description, diagrams, 
other data. Netstal Machine Factory & 
Foundry Ltd. (S-213) 


INJECTION MOLDING MACHINES. 
4-page reprint, titled “Hydraulics in the 


Construction of Injection Molding Ma- 
chines,” covers injection processes, dwell 
oressure, ejection, types of drive, hydrau- 
io etc. Complete information. Netstal 


Machine Factory & Foundry Ltd. (S-214) 


SPRAY PAINTING. Spiral-bound illus- 
trated catalog covers complete line of 
equipment for spray painting, paint wip- 
ing, masking and mask washing, screen 
painting, roller coating. Complete infor- 
mation, advantages, applications, other 
data, Finish Engineering Co., Inc. (S-215) 


BLOW MOLDING MACHINERY. 4- 
page illustrated folder describes auto- 
matic blow molding machinery that fea- 
tures fast interchangeability of single and 
dual die heads. No special mold design 
requirements; takes all blow mold types. 
Description, specifications, features. Del- 
amere & Williams Co., Ltd. (S-216) 


DIAL FILLER. 4-page illustrated folder 
describes specialized Sial coating for em- 
bossed and recessed patterns. Great opac- 
ity, fast drying. For plastics, metals and 
ceramics. Complete description, applica- 
tions. The Irvin, Jewell & Vinson Co. 
(8-217) 


SECOND-STAGE INJECTOR. 8-page 
illustrated brochure describes new sec- 
ond-stage injector that speeds production, 
improves quality, cuts costs, makes diffi- 
cult molds easy. Complete description, 
advantages, other data. Improved Ma- 
chinery Inc. (S-218) 


EXTRUDERS. 4-page illustrated folder 
describes complete line of extruders. 
Compact construction, finger-tip controls, 
etc. Complete specifications, main fea- 
tures, other data. Killion Extruders. 
(S-219) 


PRECISION DRILL PRESS. Illustrated 
folder describes precision drill press with 
pneumatic controlled spindle. Also cov- 
ers heavy duty name plate engraver, 
nameplate edging machine, hand tapning 
machine, etc. Features, prices, other data 
Mico Instrument Co. (S-220) 


MOLDING MACHINES. Illustrated fold- 
er describes small molding machine, ca- 
pable of producing 1,500 fully automatic 
molding cycles per hour. Complete de- 
scription, diagrams, specifications, other 
data, Standard Tool Co. (S-221) 





ACCELERATED WEATHERING 
TESTS. IUlustrated brochure describes 
equipment for predetermining in the lab- 
oratory the resistance to weather of all 
types of products. Complete description, 
diagrams, specifications, applications, 
other data. Atlas Electric Devices Co., 
Inc. (S-222) 


STAMPING, MARKING, NUMBERING 
TOOLS. Illustrated catalog describes 
complete line of stamping, marking, 
numbering equipment. Includes hot 
stamping presses, wire and tube marking 
machines, cutlery marking machines, etc. 
Complete descriptions, specifications, 
prices, other data. The Acromark Co. 
(S-223) 


DISPENSING. Illustrated 4-page folder 
describes electro-pneumatically operated, 
cyclical metering, mixing, dispensing 
machine for multi-component resin sys- 
tems. Descriptions, method of operation, 
range of design specifications, control 
feature. Automatic Process Control, Inc. 

(S-224) 


GEL-TIME METER. Illustrated bro- 
chure describes meter that automatically 
measures the gel-time of all thermo-set- 
ting resins. Stops automatically when gel- 
time is reached, records time, signals 
completion of test. Complete description, 
applications, specifications and shipping 
information. American Petrochemical 


Corp., Mol-Rez Div. (S-225) 
PUNCH PRESSES. Illustrated catalog 


covers complete line of heavy ¢cuty, pow- 
er bench type, punch presses. 164 differ- 
ent model combinations—1 to 5 ton 
capacity. Complete description, snecifica- 
tions, prices, other data. Alva Allen In- 
dustries, Punch Press Div. (S-226) 


PUMP TANK UNIT. Illustrated bulletins 
describe pump tank units, industrial wa- 
ter chillers, portable water chillers. Gen- 
eral description, advantages, specifica- 
tions, other data. Application Engineering 
Corp. (S-227) 


MOTOR CONTROLS, 80-page illustrated 
catalog describes complete line of indus- 
trial motor controls. Includes manual 
starters, magnetic relays, magnetic con- 
tactors and stators, reduced voltage sta- 
tors, push buttons in stations, other 
controls and accessories. Complete de- 
scription, specifications, diagrams, other 
data. The Arrow-Hart & Hegeman Elec- 
tric Co. (S-228) 


ROTAMETERS., Illustrated folder covers 
new series of transmitting rotameters de- 
signed for sunerpressure flows of up to 
50.000 p.s.i. This equipment makes pos- 
sible direct measurement of high-pressure 
flows previously considered unmeasur- 
able. Complete description, general data, 
specifications. Brooks Instruments Co.., 


Inc. (S-229) 
FROZEN FOOD FILLER. Assorted il- 


lustrated bulletins describe frozen food 
filler that fills from 50 to 200 packages 
a minute, automatic filler and capper 
sanitary pump, bagging machine and 
syrup pump. Complete descriptions, 
snecifications, other data. Anderson Bros. 


Mfg. Co. (S-230) 


PLASTIC DIE STEELS. 10-nage illus- 
trated brochure plus assorted data sheets 
covers properties and selection of plastic 
die steels. Describes how to match the 
right steel to your job. General descrip- 
tion, mold and heat treating pronerties, 
grade characteristics, new methods, etc. 
Vanadium-Alloys Steel Co. (S-231) 
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FOAM MACHINES. Two-page data 
sheet describes and illustrates 150 gram 
to 450 gram-a-minute capacity 4-compo- 
nent foam machine with automatic mix- 
ing head, vertically adjustable swing arm. 
Cabriel Williams Co., Inc. $-232) 


HOT STAMPING MACHINERY. ver 
illustrates and describes pneumatic hot 
stamping machine for foil leaf marking. 
Three models illustrated. Weber Hot 
Stamping Equipment Co. (S-233) 


INJECTION MOLDING. Data folder 
shows injection molding machine for 
small plastic products—has continuous 
production at speeds up to 50 shots per 
minute, Conapac Corp., Div. of Roto- 
American Corp. (S-234) 


MOLDING MACHINERY FOR EX- 
PANDABLE POLYSTYRENE. 4-page 
folder describes automatic molding ma- 
chines for expandable polystyrene with a 
maximum part size of 28” x 28”, stroke 
(horizontal) of 24”. Springfield Cast 
Products Inc. (S-235) 


INDUSTRIAL FASTENERS. 6-page il- 
lustrated brochure describes “Banc-Lok,” 
an insert designed to provide screw 
threads with locking action wherever 
conventional tapping is difficult, ineffi- 
cient or costly. Used in sheet metal, plas- 
tic and metal castings, wood and com- 
position materials. Boots Aircraft Nut 
Corp., Div. Townsend Co. (S-236) 


HYDRAULIC BALING PRESSES. 4- 
page folder describes high-speed, all-steel 
hydraulic baling press which has a com- 
pletely self-contained unit with pump, 
motor and controls attached directly on 
the press. Used in many fields, including 
plastics. Consolidated Baling Machine 
Co. (S-237) 


EXTRUDERS. 8-page bulletin describes 
2%” and 3%” plastics extruders with 20:1 
or 24:1 L/D ratios. Includes snecifica- 
tions, illustrations. National Rubber Ma- 
chinery Co. (S-238) 


TESTING EQUIPMENT. 42-page cata- 
log of constant-temperature equipment 
includes sections on temperature-humidity 
equipment, constant-temperature cabi- 
nets, baths, and a temperature conversion 
table. Complete specifications and de- 
scriptions with illustrations. American In- 
strument Co., Inc. (S-239 


HYDRAULIC PRESSES AND CYLIN- 
DERS. 30-page catalog describes mold- 
ing, laminating, special, twin, metal draw, 
etc., presses—gives pictures and snecifi- 
cations, The C, A. Lawton Co. (S-240) 


EXTRUDERS. Data file contains many 
brochures on various types of extruders 
available, giving pictures, specifications. 
advantages. SAMAFOR (S-241) 


INJECTION MOLDING MACHINE. 
Four-page folder illustrates and gives 
features of injection molding machine for 
thermonlastic resins with screw-plasti- 
cizer. 6 shots per minute, 12.2 max. ef- 
eave injection capacity. Negri Bossi 
& C. 


(S-242) 


MACHINERY. 12-page catalog describes 
this company’s line of machinery, includ- 
ing impregnating plants, resin casting 
equipment, tube and cylinder winding 
machines, extruders for thermoplastics. 
coiling and reeling machines, etc. General 
Engineering Co. Ltd. (S-243) 


MARKING MACHINERY. Large fold- 
out shows 6 basic models and 16 special 
models adaptable for all plastics marking 
needs—includes stamping machines, im- 


rinters, marking 
wee ote J such as golf balls caps, 
Buttons, ete. Ackerman-Gould Co. (S-244) 


INJECTION MOLDERS. 12-page illus- 
trated catalog describes 14 models of in- 
jection molders, giving illustrations, speci- 
fications, features. Meiki Co., Ltd. (S-245) 


MATERIAL HANDLING CONTAIN. 
ERS. Collection of data sheets describes 
and pictures material handling containers 
designed, engineered and produced for 
industry. Custom contract service in pro- 
duction of thermoplastic products also 
available. Regal Plastic Co. (S-246) 


INJECTION MOLDING WITH PE. 48- 
page booklet describes and illustrates in- 
jection molding with a linear low-pres- 
sure polyethylene. Discusses molding 
problems, special techniques, applications 
as well as properties and general mold- 
ing information. Farbwerke mama is 


ROLL LEAF. 6-page folder is guide to 
selection of roll leaf. Standard colors, in- 
cluding imitation gold and silver avail- 
able from stock. Admiral Coated Prod- 
ucts. (S-248) 


DIELECTRIC HEATING. 4-page bro- 
chure describes and illustrates line of di- 
electric heaters which heats pieces evenly 
throughout the mass rather than by con- 
duction, and eliminates waste of heat. 
Allis-Chalmers. (S-249) 


THERMOCOUPLES, PRESSURE 
PROBES. 60-page catalog offers line of 
industrial thermocouples and pressure 
probes, giving complete specifications, de- 
tails and prices, easy ordering format. Ad- 
vanced Dynamics Inc. (S-250) 


POWER PRESSES. 8-page _ illustrated 
brochure gives complete specifications on 
50 models of gap, horn, inclinable, and 
straight side power presses. Johnson Ma- 
chine & Press Corp., Div. Bontrager ai 


for various 


INFRA RED HEATING OVENS. 4 data 
sheets illustrate and describe modular 
self-contained heating units operating on 
the infrared radiation principle. Can be 
stacked in any configuration to best take 
care of a heating requirement. Infra-Red 
Systems Inc. (S-252) 


LAMINATORS. 8-page illustrated folder 
describes seven models of laminators for 
foil, film, paper, board and cloth. Also 
included is a flyer on a slitter for difficult 
rewind materials. Inta-Roto Machine Co., 
Inc. (S-253) 


MARKING MACHINERY. Data kit holds 
pictures and data sheets on the following 
machines: manual flat overprinting 
machines, motor-driven flat bed printing 
machines, 2-color flat bed overprinting 
machines, silk screen automatic printing 
machine, electronic treatment of PE bot- 
tles for printing machinery, and special 
printing equipment. International East- 
erm Co. (S- 


BLOW MOLDING MACHINES. 4-page 
folder describes single and double press 
blow molding machines. Gives features, 
snecifications, accessories. Plastics Ma- 
chinery Div., The Producto —- A 


GRANULATORS & PELLETIZERS. 4- 
page folder illustrates granulators for 
chunks, for film and sheet, for rejected 
parts, for synthetic rubbers. Sizes a 

descriptions given. Alsteele Engineering 
Works, Inc. (S-256) 





DRUM TUMBLERS, Illustrated, 4-page 
folder describes three models of dual 
drum tumblers to meet any dry coloring 
requirement. Specifications, advantages, 
included. Ball & Jewell, Inc. (S-257) 


RANGE DRIVES. 6-page illustrated 
brochure describes range drives for paper, 
fabric, plastic and metal applications. 
Shows typical range drives, advantages. 
U.S. Electrical Motors, Inc. (S-258) 


HEAT-SEALING MACHINERY. _10- 
page catalog lists heat sealing machinery 
tor thermoplastic materials; machinery is 
hand, foot pedal and power operated— 
pneumatic and electromagnetic models 


listed. Vertrod Corp. (S-259) 


CENTERLESS FORM GRINDERS. 4- 
page bulletin describes machine designed 
to fulfill the need for precise duplication 
and high speed production of circular 
formed parts at a low unit cost. Used 
with ceramics, plastics, glass, etc. Glebar 
Co. (S-260) 


FASTENERS. 4-page brochure discusses 
line of job-designed cold headed fasteners 
including rivets, nails, pins, threaded 
parts, studs, drive screws, hinge pins, etc. 
Materials include stainless, brass, copper, 
bronze, silver, aluminum—any plating, 
coating or finish. John Hassall, Inc. 
(S-261) 


BAND HEATERS. Two flyers describe 
both mica and ceramic insulated custom 
band heaters. Lists typical design con- 
figurations, features, installation informa- 


tion. Industrial Heater Co., Inc. (S-262) 
EXTRUSION EQUIPMENT. Large spe- 


cifications booklet lists line of extrusion 
screws, extrusion equipment, sheeting 
dies. Gives drawings with parts labeled. 
Johnson Mfg. Co. (S-263) 


CONVEYOR SYSTEM. 6-page brochure 
describes bulk handling system for users 
of polyethylene, polypropylene, polystyr- 
ene, PVC, which allows user to' switch 
from bag to bulk buying. Gives case 
histories of users of this system. Dracco 


Div. of Fuller Co. (S-264) 
INJECTION MOLDING MACHINES. 


4-page brochure illustrates various models 
of injection molding machines including 
those with conventional plunger, two- 
state i, = preplasticizers, single-stage 
extruder, two-stage extruder preplasti- 
cizer. H-P-M Division, Koehring Co. 
(S-265) 


INDUSTRIAL CONTROLS. 84-page 
catalog describes line of electric, elec- 
tronic, pneumatic controls for industry. 
Includes temperature, pressure, humidity, 
actionators, dampers, thermostats. Min- 
neapolis-Honeywell Regulator Co. (S-266) 


THERMOPLASTIC EQUIPMENT. 16- 
page catalog on line of extruders ranging 
from 1” to 12” gives pictures and de- 
scriptions Chill roll casting equipment, 
blow molding machines, blown film take- 
up, other special equipment also covered. 
Modern Plastic Machinery Corp. (S-267) 


TESTING EQUIPMENT. Environmental 
test chamber with temperature range of 

0°F to +750°F for testing in plastics, 
textiles, etc. is described. Also gas trans- 
mission cell for determining the gas trans- 
mission rates of plastic sheeting and 
plastic coated papers and thermal con- 
ductivity probe. 3 data sheets. Custom 
Scientific Instruments, Inc. (S-268) 


HYDRAULIC PRESSES. 8-page bro- 


chure describes and illustrates small, low 
cost air-powered hydraulic presses for 
laboratory research work, plastic mold- 
ing, laminating, compacting, etc. South 
Bend Lathe, Inc. (S-269) 


PLASTIC INJECTION PRESS. 4-page 
brochure describes completely automatic 
1/3 ounce capacity pneumatic plastic in- 
jection press with maximum molding 
area of 6 inches. Simplomatic Mfg. Co. 
(S-270) 


COMPRESSION MOLDING PRESSES. 
12-page catalog describes and gives il- 
lustrations, specifications for fully auto- 
matic compression molding presses with 
capacities of 50, 75, 150 and 200 tons. 
Also describes other equipment for plas- 
tics nenee industry. F. J. Stokes Corp., 
Plastics Molding Equip. Div. (S-271) 


TEMPERATURE CONTROL EQUIP- 
MENT. 6-page brochure describes autp- 
matic temperature control for use in in- 
jection and blow molding, vacuum form- 
ing, film extrusion, film laminating. Sarco 
Co., Ine. (S-272) 


TEMPERATURE CONTROL UNITS. 
4-page illustrated brochure gives features, 
specifications and diagrams of 6 models 
of temperature controls designed for use 
where ranges higher than those normally 
maintained by use of water as the heat 
transfer medium exist. Sterling, Inc., In- 
dustrial Control Div. (S-273) 


MOTOR SPEED CONTROLS. 16-page 
brochure lists line of motor speed con- 
trol drive systems from sub-fractional to 
10 HP systems; includes brief descrip- 
tions, application data, outline drawings, 
etc., with data on drives particularly ap- 
plicable to the plastics processing field. 
Electro-Devices, Inc., Servospeed Div. 
(S-274) 


ELECTRICAL HEATING EQUIP- 
MENT. 64-page catalog illustrates line of 
industrial electrical heating units and 
equipment, including immersion heaters, 
circulation heaters, air heaters, hot plates, 
controls, etc. Edwin L. Wiegand Co. 
(S-275) 


BULK MATERIAL HANDLING 
EQUIPMENT. 32-page illustrated cata- 
log describes complete system for han- 
dling almost any bulk dry commodity. 
System employs bins holding from 600 to 
8,000 Ibs.; bins can be handled with fork 
or pallet lift truck. Automatic filling and 
discharging equipment for bins is also 
described. Tote System, Div. Hoover 
Ball & Bearing Co. (S-276) 


THERMOCOUPLES, l-page flyer de- 
scribes thermocouples which have hot 
junction in intimate contact with the 
melt, have thermal insulation from metal 
body of the extruder, have leakproof and 
easy to remove mounting fitting. Thermo 
Electric Co., Inc. (S-277) 


RIVETS. 8-page bulletin illustrates and 
describes line of “pop” rivets which are 
especially useful for “blind” fastening 
ee there is no access to the reverse 
side of the work. Bulletin illustrates com- 
plete line of rivets and hand and power 
tools for installing rivets. Shelton Div. 
United Shoe Machinery Corp. (S-278) 


JAR ROLLING EQUIPMENT. Jar roll- 
ing mills, grinding jars, and grinding 
media are pictured and described in this 


16 page bulletin. One, two and three tier 


mills, two and three parallel rollers, cus- 
tom built mills, are described. U.S. Stone- 
ware, Process Equipment Div. (S-279) 


HYDRAULIC PRESSES. 4-page bro- 
chure on molding, laminating, embossing, 
polishing operations presses gives pic- 
ture specifications of these presses. R. D. 
Wood Co. (S-280) 


AUTOMATIC CONVEYORS. 8-page 
brochure describes self supporting con- 
veyors, large capacity conveyors, bulk 
handling conveyors, special conveyors 
and attachments. Whitlock Associates, 
Inc. (S-281) 


MIXERS. 16-page illustrated catalog 
covers line of mixers, ae 
“* entering (propeller type), ratory, 
side entering, top and bottom entering 
(turbine and paddle types), shaft seals, 
and impellers. Mixing Equipment Co., 
Inc. (S-282 


EXTRUDERS. 12-page illustrated catalog 
gives information, specifications on line 
of plastic extruders. Also on dies and 
auxiliary equipment. Hale & Kullgren, 
Plastics Dept. -283) 


INJECTION MOLDING MACHINERY. 
8-page booklet lists line of plastics injec- 
tion molding machines, gives complete 
specifications, features, sales headquar- 
ters. National Automatic Tool Co., Inc., 
Plastics Machinery Div. (S-284 


PLASTICS TUBE MONITOR. 4-page 
bulletin describes equipment designed to 
measure and seseal wall thickness of 
plastic tubing continuously as it is being 
extruded. Responds to rapid pulsation as 
well as long term variations. West In- 
strument Corp. (S-285) 


ECONOMICS OF UNSCREWING 
MOLDS. 8-page reprint of article from 
MODERN PLASTICS discusses reduc- 
tion of costs by standardizing mold-base 
designs to accept interchangeable parts. 
Newark Die Co. (S-286) 


COATING MACHINE. Two-page bro- 
chure describes spray coating machine 
with production rates of up to 30,000 
parts per hour. Finish Engineering Co., 
Inc. (S-287) 


BLOW MOLDING MACHINE. 8-page 
folder describes 5 liter capacity fu y 
automatic machine with separate hy- 
draulic power pack and control panel. 
Operation can be adjusted for ten differ- 
ent automatic operations, thus permittin 
the selection of the most suitable meth 
for each product. Peco Machinery Sales. 
(S-289) 


HEAT SEALER. 4-page brochure illus- 
trates and describes heat-sealer designed 
for the positive sealing of all coated or 
laminated barrier materials by the simul- 
taneous application of heat and pressure 
for controlied periods of time. Packaging 
Industries. (S-290) 


INJECTION MOLDING MACHINERY. 
Vertical injection molding machine with 
dry run production of 600 cycles per 
hour and 1 oz. capacity is described in 
this illustrated 4-page brochure. Cylinder 
and mold changes take only minutes. 
Progressive Tool & Die Co. (S-291) 


DIE CUTTING EQUIPMENT. 6-page 
illustrated folder describes line of die cut- 
ting equipment including machine for 
heavy duty work, band knife splitting 
machine, block planer, and twin cutting 
machine with adjustable stroke. Herman 
Schwabe, Inc. (S-292) 


MOLDING MACHINERY. Brochures il- 


lustrate and describe rotation molding 
machinery and accessories, also tumbling 





machine. Includes description of produc- 
tion of hollow vinyl items. Brooklyn 
Blower and Pipe Corp. (S-293) 


AUTOMATIC MOLD WIPER. 4-page 
rochure on automatic mold wipers 
injection machines using automatic or 
semi-automatic molds, Synchronizes with 
machine cycle, is adaptable to all injec- 
tion molding machines. Bermer Tool & 
Die, Inc. (S-294) 


TOOL STEEL SELECTOR. 12-page 
catalog lists five basic groups of tool 
steels, properties guide, and selector giv- 
ing recommended grades for varying pro- 
duction conditions. Bethlehem Steel. 
(S-295) 


EXTRUDERS & DIES. 12-page catalog 
lists complete line of plastics extruders 
and dies and auxiliary equipment, includ- 
ing full specifications relative to the vari- 
ous models and sizes of extruders avail- 
able, Black-Clawson Co. Dilts Div. 
(S-296) 


PROCESSING EQUIPMENT. §8-page 
catalog lists line of equipment for the 
ceramics, chemical, mineral, food, plas- 
tics, steel industries and special services. 
Bonnot Co., Div. of The C. L. Gougler 
Machine Co. (S-297) 


BLOW MOLDING MACHINERY. Two 
data sheets illustrate and give specifica- 
tions for three blow molding machines. 
One machine molds plastic containers up 
to 5 gals. Other models can produce 
small bottles up to 1400 per hour. Baker 
Perkins Granbull Ltd. (S-298) 


ELECTRICAL CONTROLS. Line of 
electrical controls designed for plastics 
industry includes magnetic starters, mag- 
netic contactors, me buttons and pilot 
devices, enclosures, safety switch and 
wiring device lines. 6-page illustrated 
brochure describes and illustrates con- 
trols. The Arrow-Hart & Hegeman Elec- 
tric Co. (S-299 


INJECTION MOLDING MACHINE. 8- 
page booklet on vertical injection mold- 
ing machines with internally heated 
spreaders describes four standard models 
and long-stroke models. Describes method 
of operation, applications, Lester-Phoenix, 


Inc, (S-300) 


VINYL PROCESSING MACHINERY. 
Catalog illustrates company’s facilities, 
describes laminator-embosser for all plas- 
tic film, turrent centerwind, aluminum 
slat expander, idler rolls, etc. Lembo Ma- 
chine Works, Inc. (S-301) 


ROTARY MOLDING PRESSES. 4-page 
brochure describes line of rotary plastic 
molding presses for wide range auto- 
matic molding operations using thermo- 
setting molding compound, especially for 
producing small plastic parts as used in 
electrical, automotive, and aircraft indus- 
tries. New England Butt Co.  (S-302) 


TUMBLING EQUIPMENT. Data kit in- 
cludes sheets that picture and describe 
barrel finishing units, burnishing ma- 
chines, abrasives, media and compounds 
for tumbling metal and plastic parts. 
Tumb-L-Matic, Inc. -303 


HEATING CYLINDERS. Large catalog 
lists models of heating cylinders, cross- 
sections of machines. Includes photos, de- 
scriptions and prices for each item. Injec- 
tion Molders Supply Co. (S-304) 


INJECTION MOLDING ACCESSORY 
PLANT EQUIPMENT. 72-page catalog 
lists plant equipment available, givin 
pictures, specifications, prices for grind- 
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ers, drum tumblers, ovens, heating — 
der equipments. Injection mae 
ply Co., Inc. ) 


STEAM « GENERATORS. 5 bulletins de- 
seri steam generators wi 

built-in balanced control for generating 
high or low pressure steam for molding, 
laminating, embossing, drying, humidify- 
ing, cooking, etc. Complete operating de- 
scription included. Pantex Mig. Comp. 
Steam Generator Div. ¢ ) 


SPRAY GUN. 6-page bulletin describes 
the function and use of a spray that 
will have wide use in both the finishi 

and foam fields. Illustrations and ifi- 
cations. The DeVilbiss Co. ( ) 


CARTONING., 6-page brochure describes 
line of cartoning machines and adaptions 
and accessories. Includes vertical cartoner 
producing up to 120 cartons per minute. 
Bivans Corp. (S-308) 


ELECTRONIC METAL DETECTOR. 
Four-page illustrated brochure describes 
metal detector custom-made to solve spe- 
cific product and production problems. 
or bread 

. W. Brilmayer 
(S-309) 


Detector specifically desi, 
bakeries shown in detail. 
Laboratories, Inc. 


TESTING MACHINERY. Data kit in- 
cludes articles, descriptions of line of 
testers designed to provide a measure of 
the stress-strain properties of materials 
over a wide range of loading rates. Ca- 
pable of loading rates of from 0.2 inches 
minute to 8,000 inches/minute. Plas-T. 

Equipment Corp. (S-310) 


PNEUMATIC VIBRATORS. 16-page 
catalog lists complete line of vibrators for 
bulk handling, chemical plants, foundry 
molders, hoppers, emptying railroad cars, 


packaging drums and large containers. 
Cleveland Vibrator Co. (8-311) 
PLASTIC PACKAGING MACHINES. 
Brochures describe machinery for heat 
sealing operations. Illustrations, ifica- 
tions, price sheet included. Weldotron 


Corp. (S-312) 


RUBBERIZED ABRASIVES. 18-page 
manual includes information concerning 
the many uses for rubberized abrasives, 
case histories on typical applications. 
Most efficient methods for mounting 
dressing and trueing and recommend 

operating s are given. Cratex Manu- 
facturing Co., Inc. (8-313 


GRANULATORS. 4-page bulletin illus- 
trates three granulators for processing 
plastics waste materials. Two of the 
granulators are particularly suitable for 
installation beside an injection molding 
machine. Fellner u. Ziegler GMBH. 
(S-314) 


BLOW MOLDING MACHINERY. 4- 
page brochure describes and gives pic- 
tures, illustrations of automatic blow 
molding machine with 14” wide x 12” 
high platen, maximum product diameter 
of 11%” dia. (11K” x 12%” wide x 36” 
long). Operator controlled machine also 
included. Delamere & Williams Co. Ltd., 
Div. Pneumatic Scale Corp., Ltd. (S-315) 


EXTRUDING MACHINERY. 24-page 
catalog discusses and illustrates plant fa- 
cilities and line of extruders offered. Ex- 
truders from 1” to 12”, auxiliary equip- 
ment, described and specified. Sterling 
Extruder Corp. (8-316) 


METAL DETECTOR. 4-page brochure 
shows models of machines to detect any 
kind of metal or alloy, magnetic or non- 


magnetic—including a, geek 
. of America, Inspection & 
(S-317) 


PLASTIC INJECTION MOLDING MA- 
CHINES. 4-page brochure illustrates and 
gives specifications for modular design 
plastic injection molding machine with 
1% oz. capacity, and a choice of three 
mold clamping i and three 
heating cylinders. Reed-Prentice Div. of 
Fechnae Linubineéy Co. (S-318) 


HIGH FREQUENCY HEATING 
EQUIPMENT. 30-page bulletin gives in- 
formation on q ing, melting, 
plastic sealing, etc., equipment. Illustra- 
tions and specifications included. Reeve 
Electronics, Inc. (S-319) 


BLOW MOLDING. Illustrated bulletin 
describes equipment that cuts costs, in- 
creases pro t an in eer 
ueeze bottles, toy s i 
on handles, etc. General description, 
photographs, other data. The Pneumatic 
Scale Corp., Ltd. (S-320) 


ELECTRONIC SEALING MACHINES, 
Illustrated literature describes line of 
clngtiguie f pe. oy spol generators, 
Includes 2- post an guill otine 
presses, a 0" watt rotary sealer, and 
generators with from 1 to 50 KW. out- 
put. Mayflower Electronic Devices, Ine. 
(S-321) 
AUTOMATIC PLASTICS MOLDING. 
8-page data book contains an informative 
article on the economics of automatic 
thermoset molding (with case_ studies 
and outlines a newly-expanded line 

low-price, high- automatic molding 
presses. Advantages, features, specifica- 
tions. Dake Corp. (S-322) 


METERED LUBRICATING UNITS. 
30-page illustrated and technical data 
builetin describes equipment designed to 
deliver measured volume of filtered oil 
at regular intervals. Application is to ma- 
chines such as printing presses, machine 
tools, bottling machines, other 

machinery. Bijur Lubricating - — 


PLASTIC CUTTER. Illustrated 4-page 
brochure describes a self-sharpening plas- 
tic cutting machine featuring a wave 
edged knife said to eliminate fusing, and 
a round knife cutting machine. Eastman 
Machine Co. (S-324) 


ENGRAVING MACHINES. A series of 
brochures on two-dimensional engraving 
machines and attachments, engravers 
steel and other metals, hand engravers 
and accessories such as cutter grindef, 
electro-markers, work holding devices 
and master index fixtures. Specifications. 
H. P. Preis Engraving Machine On 


DEHUMIDIFYING DRYER. Bulletin il- 
lustrates a cl air system that assures 
controlled automatic ing. Varia 

temperature control 125°-250° F. (Higher 
temperature available). Whitlock ($396) 


PLASTICS MACHINERY. 12-page illus- 
trated catalog reviews line of mixers, 
mills, extruders, calenders, offered by this 
company. Engineering service for the | 
velopment of complete processing 
and laboratory facilities for the use 
plastics manufacturers also described. 
Farrel-Birmingham Co., Inc. (S 


AUTOMATIC GUIDING EQUIPMENT. 
30-page catalog describes line of auto 
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tic guiding equipment, including 
eau ydraulic automatic web guide 
power units, manual-automatic web guide 
power units, etc, Fife Mfg. Co.  (S-328) 


INJECTION MOLDING MACHINE. 4- 
age brochure gives performance, speci- 
Fcations, picture of 3 ounce injection 
molding machine with dry run speeds 
from 600 to 840 cycles per hour. The 
Fellows Gear Shaper Co., Plasti 


ics Ma- 
chine Div. j (S-329) 


SCRAP HANDLING EQUIPMENT. 4- 
page brochure describes scrap grinders, 
automatic scrap systems, materials han- 
dling systems. High shear grinders, all 
p e grinders, feed roll grinders in- 
Faded. Foremost Machine Builders, inc. 
(S-330) 


RIBBON BLENDERS. 4-page bulletin 
shows line of ribbon blenders in use in 
plants processing chemical, plastic, phar- 
maceutical and other products. Machines 
are used for blending of powders, gran- 
ules, slurries, etc. Falcon Mfg. Div. of 
First Machinery Corp. (8-331) 


VACUUM METALLIZING. 8-page tech- 
nical bulletin tells how tungsten is used 
in vacuum metallizing—as coils for the 
metallizer who prefers to buy his tung- 
sten ready to use and as wire for the 
metallizer who makes his own coils. 
Types of strands and coils available, 
specifications given. The General Elec- 
tric Co., Lamp Metals & Components 
Dept. S-332) 


ELECTRONIC HEAT SEALING. Data 
sheets and reprint of article from MOD- 
ERN PLASTICS on electronic heat seal- 
ers is included. Article reviews theory 
underlying dielectric heating and factors 
important to machine design and use. 
Guild Electronics, Inc., Dynatherm Div. 


(S-333) 


CUTTER. Guillotine type cutter for 
crude rubber and plastic scrap with spe- 
cial operating valve that controls cutting 
action and reduces injury hazard to a 
minimum is described and pictured in 
this 4-page illustrated b ure. Stan- 
ley H. Holmes Co. (S-334) 


HYDRAULIC PRESSES. Two presses 
designed for aang» roduction, volume 
output and lower labor cost in either 
plastic or rubber molding, are described. 
Standard sizes available are 20” x 20”, 
24” x 24” and 32” x 32”. Stanley H. 
Holmes Co. (S-335) 


PLASTICS MACHINERY. Several data 
sheets give photos and specifications for 
plastic splicer, plastic cutter, gasket cut- 
ter, air die sets, winding reel, and bench- 
type rubber vulcanizer. Kel-Min Co. 
(S-336) 


HYDRAULIC PRESSES. Several bro- 
chures describe line of hydraulic presses 
designed for use in every industry. A 

plications include: laboratory, research, 
experimental work, production centrol, 
plastic molding (compression), forming, 
drawing and embossing, plastic sealing 
(laminating), etc. Pasadena Hydraulics, 
Inc. (8-337) 


INDUSTRIAL PLASTERS. Series of data 
sheets describe various industrial plasters 
for the tooling industry, and their uses. 
Information on making epoxy faced pat- 
terns and case molds, parting compounds 
for molds, and mechanical mixing of plas- 
ter included. Bestwall Gypsum Co. 
(S-338) 


METALLIC O RINGS. Handbook lists 
various materials and sizes of metallic 


O rings available as well as technical 
data on the optimum O ring selection 
with installation recommendation. United 
Aircraft Products, Inc. (S-339) 


GRINDING EQUIPMENT. 4-page bul- 
letin describes complete plastic grin 
pliant dev especially for producers 
and suppliers of plastic pellets whose 
customers apie plastics in powdered 
form. List of materials, typical produc- 
tion rates given. Pallmann Pulverizers 
., Inc. (S-340) 


PLASTICS PREHEATERS. 6-page bro- 
chure illustrates and describes ting 
units designed to provide maximum tem- 
perature uniformity and maximum speed 
when heating lo: of preforms rangin 
in weight from ounces up to ten poun 
or more. Times poe tm for heating in- 
cluded. Girdler Process Equipment Div 
Chemetron Corp. (S-341) 


MIXERS, 20-page catalog of line of 
mixers describes construction of each ele- 
ment of machines, listing advantages and 
features. Blueprints, lubrication data in- 
cluded, along with description of sizes. 
Adamson United Co. (S-342) 


COLORIMETER & SPECTROPHOME- 
TER. Two illustrated brochures list a 
dual-purpose colorimeter and abridged 
spectrophotometer, an automatic two- 
color pyrometer, and color tolerance com- 
puter. Instrument Development Labora- 
tories, Inc. (S-343) 


SURFACE PYROMETER. Surface py- 
rometers suitable for any face or su 

surface (metallic or non-metallic, flat or 
curved, rotating or stationary) tempera- 
ture measurements within range of in- 
strument. Lists applications, models for 
various uses. The Pyrometer Instrument 
Co., Inc. (S-344) 


MASKING, 4-page brochure ee 
spray-on, strip-off coating use y sign 
makers for rapid masking, clean edged 
cutting and protection of sign surfaces 
during manufacturing and _ shipping. 
Spraylat Corp. (S-345) 


VACUUM COATING & EQUIPMENT. 
28-page catalog discusses types of vacuum 
coating, the vacuum coating cycle, stand- 
ard coating units, accessories and options; 
30, 48, 72 inch vacuum coaters and speci- 
fications for units described. Consolidated 
Vacuum Corp. (S-346) 


IMPRINTING MACHINES. 4-page bro- 
chure describes machinery for letterpress 
and po ic imprinting of objects 
from ca ickness to 5” thick, een 
miniature length or width up to 18” long 
and 12” wide. Cosom Corp. (S-347) 


SPRAY DECORATING EQUIPMENT. 
Data catalog on decorative spray painting 
equipment includes metal masking 
shields, foot treadle operated maskin 
fixtures, painting machines, portable mas 
washing machine, rotary single spindle 
machine, pressure contact painting ma- 
chine, etc. Conforming Matrix Corp. 
(S-348) 


PRESSURE TRANSDUCER. 2 data 
sheets illustrate and describe pressure 
transducer designed for use in thermo- 
plastic extrusion process. Transducer 
measures small and rapid pressure fluc- 
tuations in the plastic melt during the 
extrusion process. Dynisco Inc. (S-349) 


ROTARY AIR PUMPS. 32-page illus- 
trated catalog describes full line of ro- 
tary positive vacuum pumps, including 
oil-less models. Vacuums for 29.9”Hg., 


pressures to 20 P.S.LG., 
placement to 162 C.F.M. 
integral pump and motor units, as well 
as air motors and gas boosters. Leiman 
Bros., Inc. (S-350) 


DISPERSING-MIXING UNIT. _Illus- 
trated brochure describes dissolving ma- 
chines—wide variety of models from 30 
gallons to 1,000 gallons. Ultimate dis- 
persion in fraction of time required by 
quchanny machines, increased output, etc. 
General information, specifications, other 
data. Morehouse-Cowles, Inc. (s-351) 


AIR COOLED EXTRUDER. 4-page il- 
lustrated brochure describes function of 
the Egan Air Cooled porary Line, giv- 
ing description, specifications and capa- 
bilities. Frank W. Egan & Co. (8-352) 


WILLERT TEMPERATURE CON- 
TROL SYSTEM. A illustrated bro- 
chure covers gene scription, design 
and construction, and operation and com- 
parison features of the new Egan system. 
Annotated photos and sketc’ are in- 
cluded, Frank W. Egan & Co. (S-353) 


HYDRAULIC PRESSES. 14-page illus- 
trated folder describes line of production 
presses d for compression molding, 
~“, and la oe —, me = 

and testing. cations. as u- 
lics. e554) 


EXTRUDERS. ey 2 illustrated bro- 
chure describes a line of electrically 
heated extruders with capacities from 2 
to 10 inches. Machines feature high, ac- 
curately zoned operating temperatures. 
John Royle & Sons. (S-355) 


CONVEYORS. Companion _ illustrated 
brochures describe and give case his- 
tories of a roller conveyor with automatic 
elevator, a chain conveyor, roller and in- 
cline-pusher conveyors, vertical convey- 
ors, etc. C, M Wilkinson Co. (8-356) 


INJECTION MOLDING MACHINE. II- 
lustrated 4-page brochure describes a 
power opera 15 gram (.6 cu. in.) 
model. Specifications. Dowding & Doll, 
Ltd. (S-357) 


CENTERLESS FORM GRINDER. 4- 
page catalog describes features of ma- 
c designed to turn out a variety of 
circular formed parts at low unit cost. 
Specifications. Glebar Co., Inc. (S-358) 


EXTRUDERS AND ACCESSORIES. Il- 
lustrated 28-page catalog describes and 
gives specifications for a of extrusion 
machines from 1% inches to 12 inches. 
Also describes special models and a wide 
pr of accessory equipment. Hartig Ex- 
truders. (S-359) 


GENERAL PURPOSE LAMINATOR. 2- 
page data sheet provides information, 
general specifications on machine de- 
signed for laminating and coating such 
materials as aluminum foil, light to heavy 
grades of paper, ay plastic 
films. John Dusenbery Co., Inc. (S-360) 


SLITTING, REWINDING, MACHINE. 
4-page illustrated catalog folder describes 
features and applications of machine de- 
signed for semi-automatic, slitting and re- 
winding of materials of uneven caliper, 
coated or tacky surface. Cameron Ma- 
chine Co. (S-361) 


ELECTRIC DRIVE. 12-page illustrated 
booklet describes new low cost all elec- 
tric drive for versatile, adjustab 

performance. Complete description, ad- 
vantages, specifications, photos, diagrams. 
General Electric. (S-362) 





PLASTICS MILLS. 8-pa ustrated 


e ill 
book covers complete line of plastics mills 
ae range f ame, Washers, refiners, 
crackers. Comp ‘ormation, omg m8 
tions, odvantages, other data. En- 
gine & Mfg. Co. (S-363) 


PRECISION WEIGHING MACHINE. 
4-page illustrated folder describes small, 
compact weighing machine for plastics 
injection molding. Maximum capacity of 
10 ozs. Outstanding features, complete 
spocttootions, other data. The Exact 

eight Scale Co. (S-364) 
AXIAL PISTON PUMPS. 8-page illus- 
trated booklet describes line of piston 
pumps for continuous industrial service 
—up to 5,000 psi. Variable volume and 
constant volume. Also describes line of 
motors and controls. Advantages, applica- 
tions, other data, American Brake Shoe 
Co., Denison Engineering Div. (8-365) 


BLOW MOLDING. Photographs and 

fication sheet describe automatic 
blow acting washine with ape 
capacity per t of 4-6 ozs. Cycles per 
hour on i run: 6 to 5. Rate of injection, 
with and without booster, 9.36-2.62. 
Diameter and stroke of injection ram: 2 
in. x 8 in. Maximum p.s.i. on material; 
20,000. Moslo Machinery Co. (8-366) 


CORRUGATED BOARD TOTE 
BOXES. 8-page illustrated folder de- 
scribes features, uses of line of chemically 
hardened corrugated board tote boxes in 
assorted shapes and sizes. Convoy, Inc. 


(8-367) 


INTERNAL MIXERS. 6-page illustrated 
folder describes improved type of internal 
mixer for plastic and rubber processing. 
Covers advantages, applications, Sche- 
matic diagrams, other data, Adamson 
United Co, (S-368) 


ROTATIONAL PLASTISOL CASTING. 
8-page illustrated brochure describes ro- 
tational casting machine, adjustable from 
a = of 3 to 5 revolutions per hour, 
with production rates to 1, articles 
per hour. Brochure includes article on 
rotational molding of plastisols. The 
Akron Presform Mold Co. (S-369) 


INJECTION PRESS. Illustrated sheet de- 
scribes lever operated plastics injection 
press. Advantages and complete ica- 
tions. Van Dorn Iron Works Co. (S-370) 


INJECTION MOLDING MACHINES. 
Series of brochures descri com- 
pany’s lines of automatic, hydraulically- 
specates injection molding machines. 

nits also available with pre-plasticizers. 
R. H. Windsor, Ltd. (S-371) 


MOLDING MACHINES. Catalog 
vides engineering data on complete fine 
of plastic injection molding machines. 
Full information on machines of varying 
capacities, complete specifications, out- 
tending advantages and other data 
listed. Newbury Industries, Inc. (S-372) 


PACKAGING. Illustrated bulletin de- 
scribes line of packaging equipment in- 
cluding vacuum former, pressure former, 
die cutter, flange former, heat sealer, ex- 
pandable polystyrene molder. Description, 
specifications, other data. Tronomatic 
Corp. (S-373) 


AUTOMATIC THERMOFORMING. II- 
lustrated bulletin describing automatic 
pressure and vacuum forming machines 
meeting the high production require- 
ments of packaging and _ industrial 
thermoforming. Description of unique 


1056 


features, operation and _ specifications. 
Tonematie Comp. ($-374) 
MIXER. Literature describes high effi- 
ciency mixer that heats and cools by 
Produces b 


mixing. dry blends, 
agglomerated soft or rigid P.V.C. suitable 
for extrusion or ini m. 200 lbs. per 
hour. Barnett J. & Associates 
Ltd. (S-375) 


DRUM MIXING EQUIPMENT. Iillus- 
trated book covers complete line of drum 
mixin uipment— 

les, y The rollers, special mixing units 
and accessories. Complete data, specifica- 
tions. dimensions. The U.S. Stoneware 
Co., Process Equipment Div. (S-376) 
INDUSTRIAL EQUIPMENT. Spiral- 
bound catalog describes complete line of 


electrically heated ind uipment 
and accessories, Pow we nen 
tanks and pots, dispensing tanks and v 
ow pressure tanks, etc. Sta-Warm Elec- 
tric > 


EXTRUSION COATING. Illustrated 
booklet describes equipment for extrusion 
coating and laminating. Also covers in- 
tegrated wet process system. 

and test facilities discussed also. Waldron- 
Hartig, a division of a oR 


MOLD MAKING. Illustrated booklet de- 
scribes line of alloys with many industri 
applications—including mold making for 
— = at low temperatures, etc. 
mplete ysical properties chart, ap- 
epee, other data. oe Sales Corp. 
ub. of Cerro Corp. (S-380) 


PLASTIC INJECTION. Illustrated data 
sheet describes temperature control unit 
for plastic injection molding machines. 
Compact system maintains correct mold 
temperature. Protective Closures Co., 
Inc., Mokon Div. (S-381) 


STRAIN GAGE INSTRUMENTATION. 
24-page illustrated catalog describes a 
line of strain gage instruments for the 
measurement of pressure force displace- 
ment flow. ification and data. Di.- 
namic Instrument Co., Inc. (S-383) 


ELECTRONIC TEMPERATURE CON- 
TROLLERS. 8-page illustrated catalog 
describes series of controllers, indicators 
and thermometers. Specifications and dia- 
grams, Fenwal Inc. (S-384) 


PLASTIC-MOLDING STEEL. 4-page il- 
lustrated folder describes tool steel that’s 
ideal for plastic molding because it takes 
high, mirror-like polish. General informa- 
tion, applications, other data. Bethlehem 
Steel Co. (S-385) 


INJECTION PRESS. 4-page illustrated 
folder describes completely automatic 
pneumatic plastic injection press—with 
4 oz. capacity. Advantages, specifica- 
tions. Simplomatic Mfg. Co. (S-386) 


SAWS. Catalog describes complete line 
of precision blades for all sawing appli- 
cations. Includes combination saws, dado 
saws, all-purpose saws, friction saws, 
abrasive saws, etc. The Heinemann Saw 
Corp. (S-387) 


MIXING & DISPENSING. 8-page illus- 
trated book describes line of equipment 
for proportioning, mixing and dispensing 
multi-component resin systems. H. V. 
Hardman Co., Inc. 


DIE PRESSES. 4-page illustrated cata- 
log ee py - -¥- and appli- 
cations of a 3-power cutting press 
designed for a wide variety of materials, 


VACUUM COATING EQUIPMENT, 
16-page brochure i 
features and 


PLASTICS MACHINERY. Data folder 
contains illustrations for extruder, film 
systems, rotatable die, nip roll take-off, 
web edge guide, take-up turret winder, 
hi-frequency printability treater, and a 
printing unit, Essex ics Machi 

. ($-308) 


PANEL SAWS. 6-page illustrated bro- 
chure describes line of manual and auto- 
es ae — for yo te = — 
oO ics, plywood, metals, etc. Hen- 
drick Mfg. Corp. (S-304) 


INJECTION MOLDING MACHINES 
AND EQUIPMENT. 8-page illustrated 
brochure describes a line of injection 
molding machines, ovens, dryers, etc, 
Specifications and data. Brosites Machine 
Co. (S-395) 


INDUSTRIAL FASTENERS. A series of 
bulletins on die cast industrial fasteners 
and molded nylon fasteners. Also folders 
on injection molded tiny Delrin parts and 
injection molded tiny plastic parts. Gries 
Reproducer Corp. (S-396) 


PYROMETERS. 12-page illustrated book- 
let describes surface pyrometers for main- 
taining close temperature tolerances on 
various working surfaces. Temperature 
ranges available, antages, features, 
applications. Cambridge nt Co., 
Inc. (S-397) 


PLASTIC STEEL. 12-page illustrated 
brochure describes durable, permanent, 
non-shrinking, non-expanding plastic 
steel. Used for making jigs, molds, 
els, , for forming di 
rebuilding machinery, etc. Features, ap- 
plications, other data. Devcon or 


THERMOFORMING MACHINES. Fold- 
er and illustrated specification sheets de- 
scribe complete line of machines for 
kind of thermoforming of all ther- 
moplastic sheets and films. For advertis- 
ing signs lays, food containers, 
outdoor signs, geration parts, toys, 
etc. Complete specifications, full informa- 
tion, other data. National Clevela 
Corp., Auto-Vac Co. Div. (S-400) 


TENSION WINDING UNIT. 2-page dia- 
grammetric data sheet describes features 
and applications of a winder designed to 
pri: x controlled tension winding. 
Hobbs Mfg. Co. (S-401) 


INJECTION MOLDING DRY COLOR. 
Comprehensive manual gives vital tech- 
nical data, prices for injection molding 
dry colors. tains 72 color chips. Also 
for extruders and blow molders. Plastics 
Color Co., Inc. (S-402) 


LIQUID RESIN USERS. Comprehensive 
manual on polyesters, apoxies, ue 
etc., contains 18 colors, prices, 

data, etc. Also manual available for vinyl 
users. Plastics Color Co., Inc. (S-403) 
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ABS polymers 
Sheets 
Abietatee (plasticizers) 
Abrasive belts, bands, specialties .. 
Abrasive forming 
Abrasive forming machines 
Abrasive materials 
Accumulat 
Acetate fibers 
Acetal (see polyoxymethylene) 
Acrylate and methacrylate 
Molding compounds 
Rods and tubes 
Sheets 
Acrylic (see also acrylate, metha- 
erylate) 
Adhesives 
Casting monomers and resins .... 
Coatings 
Dispersions 
Emulsions 
Fibers 
Laminating resins 
Resins 
Acrylonitrile-styrene 
Adhesives 
Adipates (plasticizers) 
Air Ballasted accumulators 
Air compressors 
Air nozzles 
Alcohols (solvents) 
Alkyd 
Adhesives 
Coatings 
Emulsions and dispersions 
Molding eompounds 
Resins 
Allyl 
Adhesives 
Emulsions and dispersions 
Resins 
Sheets 
Allyl carbonate casting monomers 
and resins 
Alpha cellulose fillers 
Aluminum fibers 
Aluminum molds 
Aluminum silicate fillers 
Amides (solvents) 
Amines (solvents) 
Aniline-formaldehyde resins 
Animal (protein) adhesives 
Anti-oxidants 
Antistatie agents 
Anti-tack and slip agents 
Applied decorations on plastics 
(see custom decorators) 
Arbor presses 
Asbestos 
Fabric 
Fibers 
Fillers 


Autoclaves 


Bag making machines 
Bags, vacuum and pressure 


108 
1081, 1120, 1128 
108 


Baling machines 

Balsa wood sandwich cores 

Band sawing machines 

Bands, abrasive 

Barrel plating (see custom decorators) 
Barrels, tumbling 

Bearings 

Belt feeders 

Belt sanding machines . 

Belts, abrasive 

Belts, stainless steel 

Beryllium molds 

Beveling machines 

Biphenyls (plasticizers) 

Biaxially oriented film and sheet ... 
Blades, saw 

Blanks, molding and laminating ... 
Blending machines 

Blow molding 

Blow molding machines 

Boards, molding and laminating ... 
Boilers 

Boring lathes 

Boring machines 

Branding equipment 

Broaching machines 

Buffing and polishing compounds .. 
Buffing rock mae 


Molding compounds 
Rods and tubes 
Sheets 


Flake 

Molding compounds 
Rods and tubes 
Sheets 


Cellulose triacetate film 
Cellulose triacetate sheet 
Cements (see adhesives) 
Ceramoplastics 

Rods and tubes 


Chillers, mold 
Chlorinated polyether 
Calcium carbonate fillers Adhesi 
Calendered vinyl film and sheeting 1167 
Calendering 
Equipment 
Machines 
Rolls 
Vinyl film and sheeting 
Camphor (plasticizers) 
Carbide tipped tools 
Carbide tipped saws 
Carbon black fillers 
Casein 
Adhesives, protein 
Rods and tubes 
Sheets 
Cast phenolic 
Resins 


Molding compounds 

Resins 

Rods and tubes 

Sheets 
Chopped fabric (fillers) 
Chopping machines 

(see granulators, etc.) 
Chromium plating of molds 
Circular sawing machines 
Citrates (plasticizers) 
Clamps 
Clay fillers 
Coated fabrics 
Coated paper, resin 
Coating, custom 
Coating, dip 
Coating machines 
Coating machines, wire 
Coatings 
Cocoanut shell flour fillers 
Cold molding compounds 


Cast polyester resin 
Rods and tubes 


Cast resins, fabricators of 
Cast vinyl film 
Casting (custom) Cold molders 
Casting machines Color dispersions in resins and 
Film plasticizers 
Rotational Color matching apparatus 
Casting materials Colors and colorants 1082 
Catalysts Components, mold (standard stock) ll! 
Cellophane film Compounding, custom 1136 
Cellular (foamed) plastics Compounding machines 
Cellulose Compounding rolls 
Adhesives Compounding thermoplastics (see 
Coatings reclaimérs) 
Derivatives (flake) Compounds 
Antistatic 
Buffing and polishing 
Cleaning (mold) 
Molding (exporters and 
importers) 


Cellulose 
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Molding (manufacturers of) .... 1074 
Pipe joint ....++eeeeeeeeeeeeeeee 1132 
Purging «-+-+eseececceeeeceeeess 1132 
Tumbling ....-scccccevccseccers 1133 
Compression meldass co cccsvcscece 1155 
mpression presses 
yy > omer 0onacdsteboodisasesesan 1102 
Hand operated ....++sseeesee-++ 1102 
Semi-automatic ...+..+ssseeeeees 1102 
Compressors, MIT «.+eeeeeeeceesees 1100 
Congaltamte ...-cccccsccccesecccccs 1137 
Contact resin laminators- (see re- 
inforced plastics processors) 
Control valves, diaphragm ........ 1134 
Comtrellere ...cccscscccccccoeccece 1123 
Converters and processors ........ 1155 
Conveyors ....ssececcevccscccseecs 1103 
Coolant PUMPS .....-eeeceeeeeeeee 1118 
Cooling devices ....+..s++eeeeeees 1103 
Cooling systems for molds ........ 1114 
Cooling trains ........++seeeeseees 04 
Cores for sandwich construction ... 1097 
ten Seles occ cidaessveche 1094, 1095 
Cotton flock fillers ............+0.- 1096 
Coumarone-indene 
PR AES ee 1066 
Emulsions and dispersions ...... 1072 
DE <senidebbedkadeebeuvostat 1076 
Curing agents (see catalysts) 
Ch CRONE 5 ccc cvcvevescsssede 1135 
Custom decorators .........-ese00. 1137 
CN GUIFUUEED ¢ cccicciseseccces 1155 
Cr MEER cctcbccctccessects 1155 
GD SOUUESED oc cc cccenssovesve 1134 
Cee Mees .cactheikindaswas 1104 
GEE WOOD 05céccree vcswsiecdes 1129 
Cutters, fibrous glass ............. 1104 
SE now eae Gdeeveeted’ 1104, 1108 
Cutters, foamed plastics ........... 1104 
Gt: / RD - icc wxcentvecvecs 1104 
Cutters, multi-layer film .......... 1104 
CES GlOO os cécbhstcoesdsooweese 1105 
Cutting machines .......0ccccceees 1104 
Cutting of plastic film ............ 1152 
SR DOGED .ccocudibceseexes exh 1125 
Cyanoacrylate adhesives .......... 1066 
Cylinder liners (extruding machine) 1113 
Cylinders, extruder .............+. 1129 
Cylinders, pneumatic, hydraulic and 
RRR 5 ee oe 1105 
D 
Dacron (fabric, for laminating) ... 1094 
Decalcomanias ........ssccceces CL 
Decorating machines ............. 112 


1 
Decorations, applied on plastics 1137, 1147 
Decorative foils 


Seevebeviseceeeees 1130 
Decorative laminates .............. 1098 
SONNG i. <ccbanued osama 1146 
Decorators, custom .............-. 1137 
Deflashing machines .............. 1105 
Degassing cylinders .............. 1105 
Degating equipment .............. 1105 
Dehumidifying equipment ........ 1105 
MENS 6000ccacaniel auceaibinal 1105 
PNUD oss isecuudus useueie 1084 
Design plating on plastics 
(see custom decorators) 
Designers, industrial .............. 1139 
EN ER le 1083 
Beeenee, Mnetel 26s .cceendeieskoul 1113 
Dextrins (adhesives) .......+.+... 1066 


Diallyl phthalate (see also allyl) 
1074, 1076, 1099 


Reinforced molding compounds.. 1099 
Diamond tipped 0OQNB ciccdbececes 1133 
laphragm control valves ......... 1134 
latomaceous earth fillers ........ 1096 
—s, machines (see granulators, 

ete. 
Die cutting plastic sheet stock .... 1139 
~ makers, extrusion ............ 1140 
a makers, high freq. heat sealing 1140 
te sinking machines ............. 1126 
Dies, cutting ..........csccecseee. 1105 
tes, engraving and finishing ..... 1147 


Dies, véebueseed ihecetetns 1129 
Dies, steel rule, clicker, & dinker 1105 
Dip coating, plastic ............... 1135 
Dispensing systems ...... Peéaevere 1117 
Dispersing agents ................ 1084 
NR a ae 1072 
Dispersions of color in resins and 
PENN: a6500c0bsevséawvewee 1082 
MO cacdprévikesbhsepetes 1126 
Drilling machines ................ 1126 
PG EL Chatwin ccd’ scwn bes tenn 1133 
Drives, variable speed ............ 1106 
Dry colorants ........... i206 eas 1082 
Dry coloring mixers .......... 1113, 1140 
Dry sanding machines ............ 1 
Drying equipment ............ 1106, 1115 
Drying equipment, infrared ....... 1106 
Duplicating machines ............. 1126 
Dust collecting equipment ........ 1106 
Dyeing plastics (see custom 
decorators) 
Dyes (see also pigments) ........ 1082 
E 
Elastomers 
ES oc enitcadedceee oot 
Electric drying and 
preheating equipment .......... 
Electric press platens ............. 
Electrical testing apparatus 
Electrodes, H, F. heat sealing ..... 1129 
Electro-erosion machines ......... 1126 
Electroformed molds ............. 1148 
i ME vcd ccctecseghieors 1120 
DE. cntc0scccscocetbant bane 1141 
SNEED GED. occ ccecceviibene 1088, 1167 
Embossing 
Flexible film and sheeting ...... 1141 
DN sc cubsangudns@seesess 0s 1106 
Rigid plastic sheets ............ 1141 
SE ch eedowentscocccwpebenence 1118 
Emulsifying agents ............... 1084 
EEE ee 1072 
Engraving 
Custom decorators .............. 1137 
DE +. ih wwesttnwecoecsenode 1113 
SMD vend danbtbnes coeensdon 1126 
EE “Nigis bricad ocleg ask pambae es’ 1147 
pox 
‘Adhesives ob oceses es KeboeRseceeD 1066 
Casting monomers and resins .... 1068 
CES ppncctctnanmiane+dnaes 1069 
Emulsions and dispersions ...... 1072 
OO I FT Se AE 1079 
Laminating resins .............. 1073 
Molding compounds ............ 1074 
PR: Jcldcecssabtesenss ott 1084 
DEE, ‘niane shits eehs kaananee es 1099 
Reinforced molding compounds .. 1099 
DE. axavisccctvncashsadeseens 1076 
rere 1090 
eS eer ere 1082 
Esters (solvents) ........++e0-++:- 1085 
Etching (see custom decorators) 
Ethers (solvents) ........s0e+0+:: 1085 
Ethyl cellulose 
MEE Nttbbeaciicddbooshenmbeedds 1087 
PE Lucca pantcdans6sbe benbaeus 1069 
Molding compounds ............ 1074 
Rods and tubes ............+....- 1090 
Serre eee 1092 


Expandable styrene, extruding 1079, 1142 
Expandable styrene, molding .. 1079, 1150 


Expanded (foamed) plastics ....... 1079 
Expanders (handling devices) 1109 
Exporters and importers .......... 1142 
DED. cdctcsscuusinced ccedbaces 1094 
Extruded film and sheet .......... 1167 
Extruders, Custom ....cccccccccsccs 1155 
Extruding expandable styrene 1079, 1142 
Extruding machines ....... stvvebe 1107 
Cylinder limers .............+.-- 
Sy | 455 benntecsinskawedee 
NS “ey a 
Screws 


Extrusion die makers ... 
Extrusion laminating 












F 
Fabricating machines (sheet plastic) 1119 
Fabricators (all plastics) ......... 1142 
Fabricators (foamed plastics) 1079, 1144 
CUE es cocewesecets 1167 
Fabrics, mom-woven ..............- 1095 
ST ds dank te hha oo'ees comeeen 1095 
SN  butanetiiehenpanedcscemnn 1095 
Dich its ukdbee thbacede enagies 1095 
DED. A ch0ns ss evenndeswe 1095 
SEE ssttadhnnseeseocendevandbi 1095 
GE ee Rt aa 1095 
NUE hrc ccccccccesccsues 1094 
Asbestos (for laminating) ...... 1094 
Cotton (for laminating) ........ 1094 
Dacron (for laminating) ........ 1094 
PY Mo okeeadbacegtuehce 1094 
eS OS ee 1094 
Glass (for laminating) ..... 1094 
Linen (for laminating) .... 1094 
Macerated or chopped fillers .. 1096 
Nylon (for laminating) ......... 1094 
Orlon (for laminating) ......... 1094 
Rayon (for laminating) ......... 1094 
Synthetic (for laminating) ...... 1094 
Fastening devices ..............+.. 1129 
Ae acid esters (plasticizers) .... 1084 
Feeders, all types ........+++ses0s: 1107 
Fiber blends, woven .............. 1094 
Fibers ...... Khadibsduvestness eee» 1095 
Fibre, vulcanized ..............+: 1099 
Fibrous glass, for reinforcement .. 1095 
Fibrous glass preformers ......... 1116 
Fibrous glass, resin loaded ........ 1096 
Filaments, synthetic ............... 1095 
EE i ide bb edb sede ckineewsenste 1096 
Sind acncimennhineak onan Gaba 1087 
Biaxially oriented .......... a 
Casting machines ..............- 1107 
GE cacciigaibouns 1104, 1108, 1152 
Cutters, multi-layer ............. 1104 
ND okt anes sis 1088, 1167 
Flexible, metallizing of ......... 1147 
Handling devices for ........... 1109 
ee eS See 1145 
Laminating systems ............. 1108 
pS errr 1089, 1147 
Maultidirectionally stretched ..... 1087 
PONE 0 6 cahtbetnb ste sa 1089, 1151 


Plastic (sheeting and rolls) 1087, 1167 
Printing of (see custom 


decorators) 
DL hush eietbh codestunenadeddes 1130 

Cone attachments ..............- 1130 
Filters and oil purifiers ........... 1108 
Finishing of metals ............... 1147 
Fixtures, spray painting ........... 1133 
Flake (cellulose derivatives) ..... 1069 
Flame spraying machines .......... 1101 
Flame spraying, plastic ....... 1135, 1145 
Flexible-bail joints ............... 1131 
Flexible film and sheeting, 

OD nic dab kasd400secvoe 1141 

Flexible film, metallizing of ...... 1147 
ED REDD wcovesttaeos chevesse 1130 
Flexible materials for molds ...... 1130 
Flexographic printing equipment .. 1117 
Flock, cotton (fillers) ............. 1096 
Flocking (see custom decorators) 
Flow controllers .....ccccccscosecs 1123 
EE SIG Tin cavesnbeccececcsties 1124 
Flow testing apparatus ............ 1124 
Fluorescent pigments, ete. ......... 1082 
Fluorocarbons 

CED | Kcuwpiiadne¥edanbeevckwoe 1069 

Emulsions and dispersions ...... 1072 

DD ceveckeeteesooceseevesese 1095 

DE. imhvibdenoncedaqantesierees 1087 

Molding compounds ............ 1074 

BREED  ccpecccddlstiveksocste sds 1076 

Rods and tubes .........++++++:- 1090 

PD: <chneunvnk adda genes se 1092 
Foamed plastic cores .........+-+++ 1097 
Foamed plastic cutters, slitters, 

CEE. nck 9 .n5c oeecceeesssie sue 1104 


Foamed plastic film .... 
Foamed plastic sheets 
Foamed (expanded) plastics 
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Foamed plastics, fabricators of ... 
Foaming agents 
on and foam molding 


ines 
Foil, stamping (roll leaf) 
Foils, decorative 
Forming of thermoplastics 
Forming machines 
Abrasive 
Vacuum 
Fumarates; Fumaric acids 
(plasticizers 
Furan 
Adhesives 
Coatings 
Emulsions and di 
Molding compoun 
Resins 
Furans (solvents) 


Gages (see instruments) 

Generators, steam (see boilers) 

Gas drying and preheating equip- 
ment 

Glass bonded mica (rods & tubes) 

Glass bonded mica (sheets) 

Glass breakers (choppers) 

Glass fabrics 

Glass fibers, flakes, fabric 
(for fillers) 

Glass, fibrous (for 
reinforcement) 

Glass, resin loaded 

Glycerol compounds (plasticizers) . 

Glycerol p 
and resins 

Glycolates (plasticizers) 

Gold leaf stamping (see custom 
decorators) 

Graphite fillers 

Granulating and other size 
reduction equipment 

Gravure printing equipment 

Grinders, all t 

Grinding mac 

Grinding plastic materials and scrap 
(reclaiming ) 

Guiders (handling devices) 

Guillotine cutters 

Guns, resin syrayup 


Hack sawing machines 

Halogenated compounds (solvents) 

Hand operated presses ll 

Handling devices for extruded 
products 

Hardboard 

Hardness testing apparatus 

Heat distortion testing apparatus .. 

Heat sealing electrodes 

Heat sealing equipment 

Heat sealing machines 

Heat sealing of film and sheet .... 

Heat transfer oil 

Heating equipment for molds and 
printing 

Heating 

Heating elements 

Heating aes for molds and 
molding machines 

Heating tanks and equipment 

Heating systems for molds 

High frequency 
Heat sealing die makers 
Preheating equipment 
Sealing machines 

High-pressure laminators 

Hinges, metal 

Hobbing 

Hobbing presses 

Holding racks, vacuum plating .... 

Honeycomb cores 


ony air drying and preheating 
equipment 
Hot-stamping (see custom 
decorators) 
Hot-stamping equipment (marking) 1113 
i i 1082, 1133 


Hydrocarbon (petroleum) resin .. 
Hydrocarbon (terpene) resin 
Hydrocarbons (plasticizers) 
Hydrocarbons (solvents) 
Hydropneumatiec accumulators 
Hydroxyethyl cellulose flake 


Impact testing apparatus 
Importers 
Impregnated glass (glass, fibrous) .. 
Impregnating machin 
Impregnating paper 
Industrial designers 
Industrial laminates 
Laminators 
Infrared 
Drying and preheating equipment 1106 
Lamps 1130, 1131 
Injection molders 1155 
Injection molding 
Hand operated presses 
ome machines 


= ag metal (see custom 
decorators) 

Inorganic pigments 

Inserts 

Instruments 
Controlling 





Insulating varnishes 

Intensive internal mixers 

Ion exchange resins 

Irradiation equipment 

Isocyanates 
Adhesives 
Emulsions and dispersions 
Expanded (foamed) plastics .... 
Resins 


Jig borers (machines, drilling) .... 
Jig sawing machines 

Joint compounds 

Joints 


Kellering 

Ketones (solvents) 

Kettles, resin 

Kneading and mixing machines .... 


Labels, pressure sensitive 
Labeling machines 
Laboratories, testing .......... ooee 
Lacquer making resins 
Laminates 
Cores, sandwich construction .... 
Decorative, high-pressure 
Fabricators of 
Industrial, high-pressure ........ 


amet Get: svadesenseansesceceul 
Postforming of 


Fabrics for 
Film 


Resins, low-pressure 
Laminators (see also reinforced 
plastics processors) 
Lamps, infra-red 


Leaf, roll (stamping foil) 
Letterpress printing equipment ... 
Levulinates (plasticizers) 
Lignin fillers 
Lignin resins 
en, woven 1094 
Liners, extruding machine cylinder 1]}} 
Liquid cooling recirculating units 
(see temperature controllers) 
Loaders, hopper 
Low pressure g resins . 
Lubricants for molds (mold release 
agents) 


Macerated fabric (fillers) 
Machine screws 
Machine tools 
Mac 
Exporters and importers 
Machines (see also presses) 
Abrasive forming 
Automatic mask washing 
Automatic spray painting 
Bag makin: 
alin 


Calendering 
Casting, film 
Casting, rotational 
Coating 
Compounding 


Cutting & slitting, fib 
Decorating and Tabe 
Deflashing 


Dicing, 
(see pranelator ete.) 


Foaming and foam molding 

Granulating and other size 
reduction equipment 

Grinding 

Heat sealing .........- ose seoved 

Impregnating 

Injection molding 

Kneading and mixing 

Labeling and decorating 

Lathes 


Mixing and kneading 
Paint spraying, automatic 





Adee MMM DOM WMWMMwWwWw ss seo eo oo 







































































115) Paint wiping .....++++++- — Mold components (standard stock) Orlon (fabrics, for laminating) .... 1094 

1097 Perforating «.++++eessereceveees 1116 Mold heating, cooling, and tempera- Ovens (see also drying and preheat- 

1098 Planing ...+++++- cdvcccseeceson - 1127 ture control systems ........+++- 1114 ing equipment) .........s++e+ 1115 
Polishing ..--++eeseccesccescess 1116 Mold heating equipment .......... 1109 

1078 Press polishing ......--- ceeseuss 1117. Mold lubricants (mold release 

1078 Profiling .....ssscccces Te SEEMED. cacnsencececoceece eceoce 2 & 

1095 Pulverizing ...-sseccescessceees 1117 Mold makers .......ssseceeeeseess 1148 

1108 BERGER ccccccscevecaseeascceses 1122 Mold makers, cast metal .......... 1148 Packaging partitions .............. 1132 

ll Roller coating ......++++++eee -- 1101 Mold makers, electroforming ...... 1148 Packing, hydraulic ........... eT 

1073 Rotary finishing .......+..++++++ 1119 Mold makers, metal spraying ...... 1148 Paint spraying (see custom 
Rotational casting and molding .. 1119 Mold makers, plaster ...........+. 1148 decorators) 

17 Reming ..cccccecccccecs Last bie de 1127. Mold makers, reinforced plastics ... 1148 Paint wiping machines ..... vet wsiee 1115 

113] Sanding (wet and dry) .....+..- 1127 Mold makers, rubber ...,.......... 1148 Painting equipment .......... 1115, 1133 

11% Gawimg ..2-ccccccccvessecccccees 1127 Mold makers, steel ...........+0++ 1148 Paint spraying equipment, automatic 1115 

1014 Screening, separating, and sifting 1119 Mold polishing .............+-+++- 1150 Paints ..... pevse scents oweewe 1082, 1134 

1133 Shaping .....-sccccecccccescccs - 1127 Mold release agents ..........-+++. 1131 Panel sawing machines ........... 1127 

un Sheet fabricating .....-+.++e+ee 1119 Mold temperature controllers ...... 1123 Pantographing and Kellering ...... 1150 

1084 Sheet forming .......+..+++. ++» 1119 Molded expandable styrene products 1079 Pantographs .......... Sgucevese te: aaee 

10% Glitting ....-cccccccccesevccesves 1120 Molded polyurethane products ..... 1079 Paper 

10% Ries melding ..ccccecsccocscese 1120 Molders ‘or resin impregnating ...... «oe ee 

1094 Spooling, for extrusions (see ME bncanedeseekesumea ica ae | ep EM tee aie, 

13 take-off equipment) GE ns ke eeu a caiewian 1155 Printed, for laminating ......... 1097 
Spray mask washing (automatic) 1113 SE 5 a cnc enachacees «dnbined 1155 RENE 2.2). skew eggncaanbedvows 1133 
Spray painting (automatic) ..... 1115 Expandable styrene ........ 1079, 1150 Resin impregnated .......... soa; ae 

110 Tapping ....cccccccccecccsscces 1127 Reinforced plastics .........+++- 1169 Partitions, packaging ..........- ao. ae 

10% Tube rolling ......+e+e+eseerees 1122 Molding boards and blanks ........ ea ee See ea 1082 
Tumbling .......-++seeee0 1101, 1122 Molding compounds Pete NE css cab ccevnaeousl 1133 

113] Turning (lathes) .....++++++++++ 1126 Exporters and importers of ...... BRO rrr 1115 

1082 Ultrasonic cleaning .........+.+++ 1122 Manufacturers of ........0+s+0+: 1074 Pelletizing (custom) ............. 1152 
Ultrasonic sealing ........+++++. 1122 pO gt Ee 1099 Perforated film ............+eseee 1089 
Used and rebuilt ........++++++- 1122 Molding machine heating equip- Perforating machines ............+ 1116 
Wire coating .......+seeeeeeeees 1123 GRE ccnncexhns Gileoehees teks 1109 Perforating film and sheeting ..... 1151 
Wrapping ...-ceeeesececeseecees 1123 Molding machines (see also presses) PI Mae etivecccevsvssscecdese 1081 

Manual compression presses ....... 1102 MT ce dccncdendentesésrndeesss 1101 Phenolic 
10% Marking (see custom decorators) DN casédikebiueatencguns --» 1108 BEE nis ce ccvecedenecedaces 1066 








113 Marking equipment ............... Heating equipment for .......... 1109 NY es ce 1076 
11% § Mask washing machines DEE narpesccecocacstutedees 1111 Cast rods and tubes ......... ones 
Masking paper and tape .. DL sobdtdd ks cccus Geanwanrenndé 1120 GR ED cinccccedscceceusecoce 1092 
na OS eer awd Melding presses Casting monomers and resins .... 1068 
Materials, abrasive ..........+++++- SE oo coccncesevendons ax 1102 GE 65h os nnd enwieies cath aeigt, 
110 & Materials for flexible molds ....... 1130 ve cclinesace nein 1121 Emulsions and dispersions ...... 1072 
113 & Materials for molds ............... be” OSS * eres: 1153 PUOE 6 waidnss 6nvecanevessoue -» 1079 
115 ® Measuring instruments ............ 1124 Molds and dies ..........sseeeeees 1148 Laminating resins ..........++++ 1073 
110 § Melamine Molds, engraving and finishing .... 1147 Molding compounds ....... 1074, 1099 
11 Adhesives ......cssscseceesssees 1066 Molds, flexible materials for ...... 1130 | OS Gale Tent ae ean 1099 
1135 CRMRED coc ccgnnccvecescocsene 1069 Molds, materials for .............- 1131 Reinforced molding compounds .. 1099 
13 Emulsions and dispersions ...... 1072 Molds, heating equipment for ..... 1109 WIE rcecines nadeus exeseee sesne” ee 
Nl Molding compounds ............ 1074 Molds, plating of ...........0s00+. 1151 Phosphates (plasticizers) ......... 1084 
113 Reinforced molding compounds .. 1099 Monofilaments (see fibers) Photoelastic plastics ..........++.. 1076 
113 DN” noudscraseadbanescaseReies 1076 Monomers, casting .........-. a 1068 Phthalates (plasticizers) ...... eoee 1084 
125 & Metal detectors ............ceeeeee ME RRR I SERRE: 1114 Pigments, inorganic ............. - 1082 
Til ® Metal engraving and finishing ..... 1147 Maultidirectionally stretched film ... 1087 Pigments, luminescent ..........- - 1082 
1 PONDS. «ss 0cskbeabadieescth cen 1130 Multiple spindle drill presses ...... 1126 Pigments, metallic .............++- 1082 
1) §& Metal inlaying (see custom Pigments, organic .......+-+++++++ 1082 
idl decorators) Pipe joint compounds ............ 1132 
litt ® Metal spraying machines .......... 1113 PERS POEMS: . ccccscccccccvcveveesie 1131 
UM Metsllic fillers ................20. 1096 N Planing machines .............+-+- 1127 
lu Metallic Oey ae 1082 PRE Ss ce vtecccecwcencneeth 1084 
110 Metallized BUDD. scuddes seendéeebanan 1089 Natural rubber base coatings ...... a, eer 1076 
nu Metallizing CNRS onc éuncedane 1122 Nitrohydrocarbons (solvents) ..... 1085 NE BOR eer 1153 
1165 Metallizing of plastics Nozzles (for injection machines) .. 1114 Pilatens, press (electric and steam) 1116 
116 Finished SUOGUUNG <ic 6kbvs cede ee ON RR ear 1128 Plates, press (for compression 
Flexible TS. Sivvteses chaskulnes 1147 Nylon SEE. os aca dinednd at adaneee 1117 
Fae ea 1147 EE, en ins ee beeee ke 1066 Plating of molds, rams, and plates 1151 
11% Metals Gor abelle. .<cdtcccdostuacte 1131 GES dcnlatthdidsnnciniietn sat 1069 Pneumatic cylinders .............- 1105 
11% Metering systems ............see- 1117 Emulsions and dispersions ...... 1072 VR had casccceceovecsedewesss 1134 
SE SOONER, GOW: . 5s vc ccecvccovencdece’ 1124 Fabrics (for laminating) ........ 1094 Polishing 
11% Methacrylate PEE. nedsibandedCavctscat<odes 1095 CS cnccccuveconcecesces 1128 
1106 Molding compounds ............ 1074 ae eae al lias hae 1087 NES 50s <ccceneseas sane 1116, 1117 
11% Rods and tubes ............0s00s 1090 Molding compounds ........ 1074, 1099 SEG Ghiessvbavecevondocscoanes 1150 
Ii OD svecvhenssecundeukeenle 1092 Monofilaments .........-sss+0 1095 NE ed a att ln Saiki 1117, 1152 
lit! Methyl] cellulose flake ...........-. 1069 Organosols and plastisols ........ 1076 =Polyacrylic ester molding compounds 1074 
1108 EL, ccsevsienstaheeanananaee 1087 Reinforced molding compounds .. 1099 Polyamide (see nylon) 
1108 Mica ME xedcracteccaeiaeee 1096 DR, | 4 ub dbebes rdicckecaveence os 1076 Polycarbonate 
Mica, glass bonded (rods & tubes) 1090 | Rods and tubes .............++++ . = OO eee 1087 
nie ica, glass bonded (sheets) ....... 1092 ee re errr 1092 Molding compounds ............ 1074 
14% Millers (cutting tools) ............ 1125 BEE nGGdx>0 se contunvecenberas 1076 
1% Milling machines ................. 1126 Rods and tubes .......-+++++++++ 1090 
1) § Milling plastic materials and scrap, GBSND. cn vccccccessccccccecsesee 1092 
ml! custom (see reclaiming) o Polychlorotrifluoroethylene (see 
By Mi D. 90000 sas ieeelilies bene Mee 1113 fluorocarbons) 
WW at GEGS. 6.00 ccditcbsaceeen 1096 Odorants and deodorants .......... 1084 Polyester 
11% — OEE: s.ssecedeckiseaeaeel 1095 Offset printing equipment ......... 1117 AGtnethves 2... cccccccccccvcvcecs 1066 
1 Mee dry coloring & blending ... 1113 Oil base coatings ................- 1069 Cast rods and tubes ...........+.- 1090 
13 ee intensive internal ......... BUTS OM Blears 2c cccccccccscccccsscosve 1108 Cast sheets ...cccececcccccccccss 1092 
1% een es oo On Ee 1113 =Oil, heat transfer and hydraulic ... 1132 Casting monomers and resins .... 1068 
1 Moin’ CFROIS 000 cccessvtesceeers 1117 Oil soluble resins ............++++- 1076 Coathgs ccccccccccsccescedoccce 1069 
e Mee tylie Ghee. .  cvibisein ets 1095 Organic pigments ...............+- 1082 Emulsions and dispersions ...... 1072 
1 Dee Mee vanscccvbandbiliabees 1114 Organosols and plastisols .......... WEE siccnyecdboesskecsscceps ~» 1095 


Mold clean; 1076 
cleaning compounds ......... 1131 Orientation equipment .. 1114, 1120, 1121 $$ Foamed ..........eseceeseeecess 1079 





Laminating resins 


Plasticizers . 
Premix 


Resins ...... 


Polyether (foamed) 


Polyethylene 


Coated fabrics 


Coatings .... 


eee eee eneeee 


CORR eee eee 


Cee eee 


COR eee 


eee eee eeee 


Pee PP eee eee ee eee 


Emulsions and dispersions ...... 


Fibers 
Film 
Foamed 


Molding compounds .. 


Resins 


Rods and tubes 


Sheets 


Polyethylene terephthalate film ... 
Polyethylene treaters for 


printing ..... 


Polyoxymethylene 


nh “weddede 


Molding compounds 


nS caceue 


Rods and tubes 


Sheets ...... 
Polypropylene 
Fibers 


eer 
Molding compounds 


Resins ...... 


Sheets ...... 


See ee eee eee eee eee 


Po eee eee eee eee eee 


Polystyrene (see also styrene) 


Fibers 


Oe 
Rods and tubes 


Sheets 


eee eee eee eens 


CCC eee eee 


Polytetrafluoroethylene (see 


fluorocarbons) 
Polyurethane 


Casting monomers and resins .... 


Coatings .... 


Fabricated products 
Foamed (polyester) 
Foamed (polyether) 
Molded products 


Resins ...... 


eee eee eee wee 


Polyvinyl acetate film ............. 
Polyviny! alcohol 
Emulsions and dispersions ...... 


ees 


Rods and tubes 


Sheets 


eae 


Rods and tubes 


Sheets 


Film 
Rods and tubes 


Sheets 


oy chloride-vinylidene chlo- 


ride film .... 


Polyvinyl fluoride film 


Polyvinylidene chloride 


SE ‘suits one 


Rods and tubes 


Ds ae oe at 
Polyviny]-nitrile 


Postforming of laminates 
Power systems, hydraulic 


Preformers .... 


‘rubber film ...... 


Preheating equipment 
Electric, gas, hot air, steam ...... 


High frequency 


Infrared .... 
Premix 

Se Sécaee 

Phenolic .... 

Polyester ... 
Preplasticators 


eee eens 


Pre-pregs (see fibrous glass, 


resin loaded) 
Press platens .. 
Press plates ... 
Press polishing 


eee eee eee eeeee 


Presses (see also machines) 
DE Eo ndcs cetestsiegsedit 
Compression, automatic ......... 
Compression, manual and semi- 
Tins cicsisnven bees Hees 
Dell aiiinks SNEED wscodiccds 
Drill, single spindle ...... diseew 
PE 8un dacvcccboecedh ess 
Flexographic printing ........... 
Hand operated, compression .... 
Hand operated, injection ........ 
PEE. dais 50 odeceeee4 reeds 
Hot stamping and roll leaf . 
SS bere 
Injection 
Laminating 
Preforming 


Tee eee ee eee eee eee eee | 


Oe eee ee eee eee ee eee) 
Oe ee eee eee eee eee) 


oe eee eee eee eee eee 


Roll leaf and hot stamping . 

Transfer molding 
EE tock ce sageiwens 
Pressure controllers ............+. 
Pressure forming machines, sheet . . 
Pressure sensitive labels .......... 
Printing 

Equipment (marking equipment) 

Finished plastic products (see 

custom decorators) 

Flexible film and sheeting (see 

custom decorators) 

BEES. 5 scebusécdeaedeeéeseés 

Polyethylene, treaters for ... 

ED. ac ActhictileRhtes edh wegen 

Rigid plastic sheets (see custom 

decorators) 

i itnatiiceh etidkescchdesoeee 
Processors and converters 
Profiling machines 
DOD: inutdeebinhinenseoses 6604 
Proportioning and metering systems 1117 

1066 


1116, 1146 


eee eee weet eeee 


Protein base adhesives ............ 
Protein base emulsions, dispersions 1072 
PD MET Wie chbgccccd cb ¥asnod 1096 
Pulp and fibre processors ......... 
Pulverizing (custom) ............- 
Pulverizing machines ............. 
Pumps 

ES dice cc cccc chedédacsite 


PE EEE wesswesereevccsodges 
Purging compounds .............. 
nf oc cccecbeds decceaae 110 
EE thinnccs 0cctnetevees 1118, 1123 
Pyroxylin (see cellulose nitrate) 


Radial sawing machines .......... 
Radiation treating ............++- 
NED: wbeccodsvovyeoceve 
Rayon 


Tee P eee eee eee eee eee eee ee 


Rebuilt machines ..............++. 
Reclaimers, plastic materials 
Recording instruments ............ 
Regenerated cellulose (film) ...... 
Reground materials (see reclaimers, 
plastic materials) 
Regulators, mold temperature ..... 
Reinforced molding compounds .. 
Reinforced plastics ............... 
Reinforced plastics processors 
I <facdespesdncessers 
Release agents for molds .......... 
PI MEE: 6s acedbechedscevece 
Reprocessing scr (reclaiming) .. 
Resin-fabric Mee 4 and blanks .... 
Resin pulp and fibre processors ... 
Resin solutions (see coatincs, 
emulsions, latices, varnishes) 
EEE cecs cvaiseess cops ot 
Resins and plasticizers, color 
PRED MN dudecesccveuknesoe 
Resins, exporters and importers of 
Resins, low-pressure laminating ... 
Resins, manufacturers of .......... 


eeeeee 


CORREO RHR memes 


Resorcinol-aldehyde oe any o dei 
Soren BED scvecdecdtedees vce 


Manufacturers of ............... 1 
Roll leaf (stamping foil) ......... 
Roll leaf stamping equipment 

(marking equipment) ...... 

Roll mills 

Roller coating machines . 
Roller coating, plastic . 

1 oe, for roller coating 

° 

Calendering and compounding .. 

PEE vedbivueds tee esved 

ey and finishing ......... 

Plating o 

oy eR Ay ae eee 
TOE ecdncianncatibbuchectiessccss 
Rotary finishing machines ......... 
Rotary sanding machines .......... 
Rotary vane feeders .............. 
Rotational casting ................ 
Rotational casting machines ...... 
Rotogravure printing equipment ... 
Routers (cutting tools) ........... 
Routing machines ................ 
Rubber, natural and synthetic 

NOD Wa bowed s Die bed co ckinn 

Costs SOG ibs vc se ciicec ceased 

CES cucivedbexcqatescsbecke 

Emulsions and dispersions ...... 

ORE oc ceuddes Wkbcuwbed cater 

Rubber molds (mold makers, 

eS ree eee 
Rubbers (plasticizers) ............ 


eee eee eee eee ee eee eee 


Sanding machines (wet and dry) .. 
Sandwich construction, cores for ... 
Saran (vinylidene chloride) resin .. 
SO TONS cs ckdesvedéescicsccccel 
BRE DNNE <avcecnvdudsdena orwesdie 
Sawing machines ..............+++ 
DD -nedtesddvinsercctundetestan 
Serap dealers (see reclaimers) 
Sereen process printing ..........- 
Screening, separating, and sifting 
GREED ndec0b b 00 cce0dticdovncen 
Screens, extruder ...........++++:: 
Sameer SOOM .<ccvcccscshdeccessni 
RT ee ee 
Serews, extruder ......cccccccceess 
Sealing machines, heat ............ 
Sealing machines, ultrasonic ...... 
Sealing of film & sheet 
(heat sealing) 
Sebacates (plasticizers) . 
Self-adhesive labels 
Semi-automatic compression presses 11 
Semi-automatic injection machines . Ill 
Separating, screening and sifting 
TROGMRGS oc cc vcncccceVecesecoete 
Separators, metal ..........26++++ 
Shape-handling devices ........--- 
DD cca cecakdéavebinduceneoostt 
Shaping machines .........-.--+:: 
Sheet, handling devices for ......- 
Sheet, printing (see custom 
decorators) 
Sheet fabricating machines ......- 
Sheet formers, fabricators ......--- 
Sheet forming machines ......-.-- 
Sheet laminating presses ......---- 
Sheeters (handling devices oe sees 
SE necenesataveses 
Sheeting dies .....ccccvcccccccece 
Sheeting of plastic film .......---+ 
Sheeting, embossers of .......-+--: 


CE ins ox dua eedsden Seer 1078 


Molding compounds ........---+ 
Sifting, screening an 
MARCMIMES ....ccccccccesscosccess 


See 





Silica fillers ......+e+- eesncccccace ED 
Silicate adhesives 1066 
Silicone 

Adesives ..cccccededes ten ee 


Casting monomers and resins ... 1068 


Laminating resins 
Molding compounds 
Resins 
Rods and tubes 
Sheets 
Silk screen makers 
Silk screening (see custom 
decorators) 
Silk screening equipment 
Sisal 
Fibers 
Fillers 
Slab stock (polyurethane) 
Slip agents 1081 
Slitting machines 1104, 1120 
Slitting of plastic film 1152 
Slush molding 
Slush molding machines 
Sodium carboxymethyl] cellulose 
flake 
Sodium carboxymethyl] cellulose 
resin 
Solution coating 
Solvents 
Soybean (protein) adhesives 
Specialized services .......eeesee: 
Splitting machines ...............- 1104 
Spooling machines, for extrusions 
(see take-off equipment) 
Spray masks 
Spray painting fixtures 
Spray painting equipment, automatic 1115 
Spraying (see custom decorators) 
Spraying machines, metal 
Spraying, flame 
Sprayup equipment for foam 
Sprayup equipment for 
reinforced plastics 
Spread coating 
Stabilizers 
Stackers (handling devices) 
Stainless steel belts ............... 
Stamping foil (roll leaf) 
Stamping (marking) equipment 1113, 1118 
Stamping presses 
Starch adhesives 
Static eliminators 1081, 1120, 1128 
Steam drying, preheating equipment 1106 
Steam press platens 
Steam traps 
Steel fibers 
Steel molds 
Steel rule dies, 
clicker and dinker 
Strength testing apparatus 
Stretching equipment 
Styrene (see also polystyrene) 
Adhesives 
Alloys 
Casting monomers and resins .... 
Coatings 
Emulsions and dispersions 
Expandable 1079, 1142, 1150 
Expanded fabricated products ... 
Fibers 
Film 
Foamed 
Molding compounds 
Reinforced molding compounds .. 
Resins 
Sheet, oriented 
Styrene copolymers 
ilms % 


Succinates (plasticizers) 
Sulfonamide (plasticizers) 
Sulfur compounds (solvents) 


Sulpho lic acid esters (plasticizers) 
Supplies : 


Supported film and sheeting (see 
fabrics, coated) 

Swivel joints 

Synthetic fabrics 
Non-woven 


Synthetic fibers and filaments 

Synthetic rubber base coatings .... 

Systems, hydraulic power 

Systems, laminating film 

Systems, mold heating, cooling, and 
temperature control 

Systems, proportioning, etc. 


Tables, elevating 
Take-off equipment 
Tepe, masking 
Tapping machines 
Temperature control] systems 
Temperature controllers 
Tentering equipment 
Testing apparatus 

Color matching 

Electrical 

Mechanical 

Miscellaneous 

Moisture, volatiles 

Permeability 

Plasticity 

Thermal 

Viscosity 

Weathering 
Testing laboratories 
Thermal sealing machines 
Thermoplastic casting plastics 
Thermoplastic laminators 
Thermoplastics 

Sheet forming and drawing of .... 
Thermosetting casting plastics 
Thickness controllers 
Thickness gages 
Thread cutting screws 
Thread forming screws 
Tools and dies (see die makers and 

mold makers) 
Tools 

Abrasive 

Carbide tipped 

Cutting 

Diamond tipped 

Machine 
Transfer molders 
Transfer molding presses 
Traps, steam 
Treaters for printing, 

polyethylene 
Treating equipment, radiation 
Tube rolling machines 
Tubes 

Laminated 

Manufacturers of 
Tubing, flexible metal 
Tumbling barrels 
Tumbling compounds 
Tumbling machines 
Tumbling pegs 
Tungsten wire and coils 
Turning lathes 


Ultrasonic cleaning equipment 
Ultrasonic sealing machines 
Ultra-violet absorbers 
Lamps 
Unwinding equipment (see take-off 
equipment) 
Urea-formaldehyde 
Adhesives 
Coatings 
Foamed 
Molding compounds 
Resins 
Urethane (see polyurethane) 
Used machines 


Vacuum bags 
Vacuum forming 
Vacuum forming machines 
Vacuum metallizing coatings 
Vacuum metallizing equipment .... 
Vacuum plating holding racks 
Vacuum pumps 
Valves, diaphragm 
Valves, hydraulic 
Valves, pneumatic 
Variable speed drives 
Varnish making resins 
Varnishes, insulating (see aleo 
coatings) 
Vibrating feeders 
Vibrators 
Vibratory sanding machines 
Vinyl 
Adhesives 
Casting monomers and resins ... 
Coated fabrics 
Coatings 
Emulsions and dispersions 
Film and sheet, oriented 
Film, sheeting, and coated fabric 
processors 
Foamed 
Organosols 
Plastisol molding machines 
Plastisols 
Resin adhesives 
Vinvl acetal molding compounds .. 
Vinyl acetate 
Emulsions and dispersions 
Molding compounds 
Resins 
Vinyl alcohol 
Molding compounds 
Resins 
Vinyl butyral resins 
Vinyl chloride 
Molding compounds 
Resins 


Molding compounds 
Resins 

Vinyl chloride-vinylidene chloride 
Resins 

Vinyl copolymers 
Emulsions and dispersions 

Vinyl formal 
Molding compounds 
Resins 

Vinylidene chloride 
Molding compounds 
Resins 

Vinylidene fluoride (see 
fluorocarbons) 

Vulcanized fibre 


Walnut shell flour fillers 
Washing machines (flat sheets) ..... 1122 
Water soluble resins 1077 
Weavers of glass (glass, fibrous) .. 1094 
Weigh feeders 110 
Weighing scales 
Weight accumulators 
Welding equipment 
Welding of plastics 
Wet sanding machines 
Wetting agents 
Wheels, cut-off 
Winding equipment (see takeoff 
equipment) 
Wipe-in paints 
Wire-coating machines 
Wollastonite 
Fibers 
Fillers 
Wood flour fillers 
Wrapping machines 











Resins, Molding Compounds, 
and Other Basic Materials 








ADHESIVES 


Acrylic 

Allyl 

Cellulose 

Chlorinated Polyether 

Coumarone-Indene 

Cyanoacrylate 

Epoxy 

Furan 

Isocyanate 

Melamine 

Nylon (Polyamide) 

Phenolic 

Polyester (Alkyds) 

Protein (Animal, 
Casein, Soybean, etc.) 

Resorcinol 

Rubber 

Silicate 

Silicone 

Starch and Dextrins 

Styrene 

Urea 

Vinyl 


A. 
B. 
Cc. 
D. 
E. 
F, 
G. 
H. 
I. 
J. 
K. 
L. 
M. 
N. 
O. 
P. 
Q. 
R. 
S. 
T. 
U, 
V. 


Acco Polymers, Brooklyn 22, N. Y. (A) 
*Acme Resin Corp., Forest Park, Ill. (L) 
Adcote Chemicals, Inc., Elk Grove, IIl. 
(A, C, D, E, F, G LLEEEME 


Ade Engineering, San om 


NYA CDE Gi LK DM. 
%, VS U. Vj 

Aah Products, Inc., The, 

0, Calif. (C, N ae 

ies Plastics & Chemical 
Newhall, Calif. im 
*Allied Chemical Corp., Plastics Div., 
New York 6, N. Y. (E, L, M, VU) 
*American Cyanamid Plastics and 
Resins Div., Wallingford, Conn. (J, U) 
American Hard Rubber Co., Div. of 
Amerace Corp., Butler, NJ. TY 


American Latex Products dey Haw- 
thorne, Calif. (A, G, L P, V) 
American Products Mfg. Co., New 
Orleans 18, La. (A, C, P, Q, T, V) 
American Resin Corp., a 13, Il. 


American-Marietta Co., Adhesive, Resin 

& Chemical Div., Seattle 4, Wash. 

Uj, L, N, O, U) 

oy Adhesives De te Interchemical 
rp., Finishes Cambrid 
Mass. (A, C, CG, L K, M, P, 


% Indicates Advertiser 


Co., The, i York 17 
NP O.5.¥) 
M) 
us- 
pa....i. 
K E, G, K. L, O, P, s, T. v) 
Armstrong Products Co., Warsaw, i 
Atlas Mineral Products Co., Mertztown 
Pa. (G) 
*Axel Plastics Research Laboratories, 
Long Island City 1,N.Y. (A,G, a 

B. B. Chemical Co., oe <i 
Mass S, % 


*Badische Aniline & Rae Fabel Ac AG, 
Latwleshaten/Ritos West German: 
(A, G, K, L, M, T, VU, 
*Bee Chemical Co., Lansing, Il. (T) 
es Industries, New York 


Biggs, Carl H., Co., Inc., Santa ara 
Calif. G,V} 
Hoaptagiale Rubber o. eres 


L, P, V} 

, N. J. 

. T, V) 

Borden Chemical Co., The, New York 

17, N. Y. (L, N, O, U, V) 

*Cadillac Plastic & Chemical Co., De- 

troit 3, Mich. (A, G, K, L, M, T, V) 
Carboline Co., St. Louis 17, Mo. 

(G, P, V) 

Carwin Co., The, North Haven, Com 


Catalin Corp. of America, New York 
16, N. Y. (A, J, L, O, U) 
Century Dispersions, Inc., Detroit 38 
Mich. (L, P) 
Chemical Coatings & Engineering Co 
Inc. Media, Pa (E, GL, K. LP, V3 
Chemical Development Corp., Danve: 
Mass. (A, C, G, P, paid 
Chemical & weet 4 
Elkton, Md. WELL. L, L, P, vy 
Chemical Industries, — of E. F. Van 
we 7 Pasadena, Calif. 
(A, C oie me oe, & & TF 
U, V) 
Chemtron Fiber Glass Co., El Monte 
Calif. 


M) 


*Claremont Pigment eine 
Roslyn Heights, N. Y. op 


Clinton Co., The, Giegy | 22, a 
Giptee Corn Processing =: Clinton 

Iowa 83 

Colab Resin Corp., Tewksb Mass. 
mh, U 


Colonial Plastics Mfg. Co., Cleveland 4, 
Ohio (V) 


Compo Chemical Co., Inc., Waltham 
54, Mass. (A, GC, G, I, > O, P, V) 
Conap, Inc., Allegany, N. Y. (GC, 


Co-P ge Chemicals, Inc., 
Cordo Chemical Corp, Nonwall, Com 


Corn Products Sales Co., 
Prdacs Go, New Yok 2,80 


gee Petroleum Corp., Big srg 
Castor Chemicals Co., Inc., e a 
Davbert Chemical Co., Chicago a’ 
Dayco Corp., The, Dayton, ~~ Cun 


Dennis Chemical ~ st_ Lait Ma 
Devcon Corp., Danvers, Mae M, 
ae. Alkali Co., Cleveland 1 


Dow Corning Corp., Midland, 7 
Dreyfus, L. A., Co., S. Plated, BS 


*du Pont, E. I., de Nemours & Co., Inc, 
Wilmington 98, Del. 
(A, C, G, M, P,Q, 
*Durez Plastics Div., Hooker 
Corp., North Tonawanda, N 


Dyna Therm Chemical 
City, Calif. (A, — “0, B 
*Dynamit Nobel AG, ki 
est Germany 
Fa Chemical Co., Providence $ rr 


(N, §) 
E & T Plastic Mfg. Co., Inc 

Island City 1, N. 

*Eastman Chemical Products, Inc, 
Chemical Div., Sub. of Eastman 
Kodak Co., Kingsport, Tenn. (F) 

Electronic Components Div., Telecom- 
puting Corp., on) Nuys, Calif. ae 
Emerson & Cuming, Inc., 

Mass. (G, LP, TPO 
Epoxyilite Corp., S. El Monte, Calif. (G) 
Eronel Industries, Hawthorne, Calif. 

‘ (G, L,Y) 

*Farbwerke Hoechst AG. (vormals Mei- 
ster Lucius & Briining), F 
Main-Hoechst, West Germany 

Farrington Texol Corp., Walpole, Mass. 


Flexabar Corp., Northvale, N. 
exa rp., No mG le, Nie, 1 
Flexcraft Industries, a 5, N. 
(A, B, C, E, G, H, I, if K, 
*Flexible Products Co., Marietta, Ga. 
(6,4) 
Formica Corp., The, Cincinnati 
7 x 
Franklin Fibre-Lamitex Corp., 
mington 99, Del. 
(A, C, G, K, L, M, 
Fuller, H. B., Co., St. Paul 2, 
‘A, C, E, G, K, N, P, Q, S, U, 
*Furane Plastics, Inc., Los Anguel 
Calif. G, 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Polymer Chemical Co., Cincinnati 12, 


GC Chemical Corp., Gardena, Calif Magic Chemical 
= (A, G, M, V) nC Dt. EHLAD Ohio (A, C, G, L, O, P, U, V) 
General Electric Co. ‘Silicone Products Magnolia Plastics, Inc. baka MP, a ng Corp. of Pa., The, 
Dept., Watertfo . 
Prema Latex & Chemical Corp., Cam- Manhatten Adhesives Corp., nee — Industries, Inc., Springdale, 
brid e, Mass. (S) 22, N (A, G, K, N, P, Q, S, » V) 
General Mills, Inc., Kankakee, II. (A. G, L M, N, O, P, Q, R, S, U, EN) *Polypenco, Inc., Reading, Pa. (K) 
(G, K) *Marblette Corp., The, Long Island City Polyrez Co., Inc., Woodbury, N. J. (L) 
General Plastics Mfg. Co., Tacoma 9, N. Y. (G, Chemicals, Inc., Peabody, 
Wash. » I kMarbon Chemical Div., Borg-Wamer ( 
Caperiet B. F., ae Products Corp, Washington, W. Va. (L, P) 
, Akron 18, McLeane, H. E., & Sons, St. Louis 10, 
*Good Ti eye EE EP. Metach Ri Corp., Me CGF) 
year Tire u etachem Resins reco 
Div., Akron 16, Ohio |. i?) ucts Div., Cranston 16, R. L(G, 1 R) Chemical Corp., Brooklyn - 
Cordon Lacey saree ucts Co. Co *Radiation Agptoctions, Inc., ot Is- 
i tries, Inc., M Rand R) 
Gulton Industries letuchen, Nd Ferndale patee oe : Rubber Co., Brooklyn 16, N° 
nn, Hanley Plastics Co., ee G, LL, M, N, P, Q, S, T, U, 
Vv) (A, rele Gunhenasn Chemical ‘Co. *Randolph Products Co., Carlstadt, N. 3 
sean *Hlardman, H. V., Co., Inc., Belicville'® S. Norwalk, Conn. (G, M (C, G, J, M, T, U, V) 
Y. N. J. (G, L, Bj Minnesota ie Mining & Mfg. Co., * Aihe. Rarolite Chemical Co., Middlesex, N. J. 
i, $) Hastings Plastics, Inc., Santa Monica, Coating & Sealer Div., st. oa (I 
Stratford, 


Raybestos-Manhattan, Inc., 


Conn. (E, G, .K, L,P, R, V) 
— Chemicals, Inc., ” White Plains, 


(G, 
* me i, ~ ed Plastics 
El Segundo 

The 


Homa Corp., 


Del. 
Hughes Glue Co., Detroit 7, Mich. 
A, B, C, E, G, K, L, N, P, 2. S. T, 


858 


6M 
Miracle  iveiives Corp., Bacto 
(A, C,E, G, M, P, V) 
Mitchell Rand Mfg. Corp., N Ay: 
Mobay Chemical Co., Pittsburgh 5, > Pa, 


Modeler Molding Corp., eer 


~~ BRS 


Sales, 
(A, C, D, E, G, I, J, K, L, M, 0, P, 







Mo. *Hysol Corp., Olean, N. Y. (G, L) N. J. (G, M) R, T, U, V) 
iv #LC.L. (Hyde), Ltd., Sub. of Imperial | Monite eet Glue Co., Min- Resi-Cham, & Div. of Beows Co, Swan. 
A, Chemical Industries, Ltd., Cheshire. neapolis (N, ton, Ohio (M, U) 
3 England *Monsanto Chemi .. Plastics Div. Resin Srtene Div., Fenwal, Inc., Ash- 
2 Imperial Adhesives, Inc., Cincinnati 18, Springfield 2, Mass. (J, L, O, U VS land, M (G) 
Ohio Morgan Adhesives Co., ” Mac Tac Retanest Sa Mfg. Co., Brea, Calif. 
(R) (A, B, C, E, G, H, I,K, L,M,P, T, V) Div., Stow, Ohio " (A, P, V (G, J, M, U) 
N. k tmperial a SW. ie Led, *Moming ae Peldey, Ne, O's. aw Resisto Chemical, Inc., + Wilzington % 
a, illbank, London S. cng an » Y) Del. A, G, L, 
Ine, <" C, L, U) Munray Products Div., The Fanner Reynolds Chemical Products Co., Whit- 
Industrial Latex, Wallington, N 4 . t Mfg. Co., Cleveland 35, Ohio (Vv) more Lake, Mich. (I, V) 
», P, S, V) National Casein Co., Chicago 20, Ill. 
i Industrial Plastic Fabricators, g National La & P tnt Go, Ci P, U, Vv) AResslio, Ina. Senta mike 5 ~ 
. Mass. ationa cquer t » “oT 
L) Interch 1c Finish 21, Ml. TV) (L, U) 
he Nera Noe net ON; National. Polychemicals, “re, "Wilming ay ee 
ti, fp 'semational Shoe Machine Comp. Bor. National "Starch & Chemical "Comp, __ (A, G, E, G, I,K, Ly M, O, Ps T, V) 
ar Isochem Resins Corp. Providence’ 9 New York 17, i. bs G, N, P, S, V) es — Corp. of — (P) 
R. L 5 A, > > ’ ’ , 
N, §) Haptown Finishes, Inc., vom aes B enty ag Me 8 Santee Resins, Inc., were 3 5 
44 es Rubber Co., Naugatuck, Conn. 
ot Java Latex & Chemical Com few i Schjeldahl,G. T., Co., Northfield, Minn. 
ioe, York 60, N.Y. (A, K, L, M, BT, V) New England Tape Co., » adore, Mew. 7 a Mg 
tman Jersey City F P G, ramm Products, Co» 
fF) City 4. A pm Products Co. Jersey New Plastic Corp, Los Angeles ‘38, Chicago 18, Il. (Gc, M) 
com: *Johns-Manville, New York 16, N. Y Calif. e. I, M, R) cee Oboe, Ee 
“ » *s ’ N. J. Servwe Products “9 ve 
atm Key Polymer Corp., Lawnaam, ot Nureco, Inc., Cranston 10, R. I. (G, M) Ohio (V) 
f. (C) Klenk E Ohio Adhesives Corp., New Philadel- Shamban, W. S., & Co., Culver City, 
: ; 4 Corp., Div. of Hapman phia, Ohio (A, G, P) Calif. (K) 
Calif. orp., Detroit 15, Mich. #Pasley’s Plastic Products, Inc., Atlanta Shannon, 5 aged J.. Co. The, 
Cy i (C, G, 1, K, LN, P, R, T, V) 18 Ga. (V) Fonda, N. Y 
Mei- oppers Co., Inc., Chemicals & Dye- Pelmor Laboratories, Inc., Newtown, sth Chemical Co., New York 20, 
furt/ a stuffs Div., Pittsburgh 19, Pa. (O) Pa. (P (G 
. —— ieee Inc., Plastics Div., Pn Fenneyivenie, <a Chemica seit ‘Laboratories, Inc., Newark 2, 
*Krieger Col Corp on, Pa N. J. (G) 
P,Vv) Melly s.. tf Chemical Co, Pe ; Perkins Glue Co., > Lane i? d's, U,V) Stoqsone Laborstores, ner re Tv) 
Lacc S ty 
Lh 1 pecialties, Inc., a 5, Permacel, New CAAA Smooth-On Mfg. Co., Jersey City 4 Sj 
. Lami-Plast Products C Philadelphi Quartz Co N. J. 
KU Fla _ _— *Standard Insulation Co., Inc., E. Ruth- 
G, I, M) uum De 
ra. Lancaster Chemical Corp., ss Istadt, mae “& Stevens Chemical erford, N. J. (G, L) 
LY) N. J. pisliacu Buffalo 3, N. ¥ (A, C, G, ri Steeleote Mfg. Co., St. Louis 3, Mo, 
+] * Rawvenes Adhesive & Chemical \. Plasteel Co , Inkster, Mich. (A . = Vv G, K) 
vs . ae Lawsenee, Mass. (G,M Plastic Center, Rochester Fy CT Vv a a & Co., Inc., » New York cf 
ebec hemical C _ P. 
on = alif, 2 = = Paramount nes. Laminating Corp., Vauxhall, Stoner-Mudge Co., Putsburgh yk) 
, epoxy Plastics, New H Ind. 
Nie ae w Haven, 7 G,1.M) Plastics by Chapman, Richmond, aie Swift & Co., Chicago 9, he ce 
’ 20 
os 3, “Rapids, Mich, Industries, Inc., >, Grand *Plastics Engineering Co., Sheboygan 5 Resins, Inc., Beiiel” én ” 
_ i, % Indicates Advertiser Poly Resins, Sun Valley, Calif. (G 
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*Synthetie Products Co., Cleveland 12, 

Ohio G) 
Synvar Corp., Wilmington 99, Del. 
(L, 


U) 
Tetrafluor, Inc., Inglewood 1, on. 


G, R) 
Tylene Plastics, Inc., Michigan City, 
Ind. ) 
UBS Chemical Co., Div. of A. E. S 
Mfg. Co., Cambridge 42, Mass. (P) 
Union Paste Co., Hyde Park 36, Mass. 
(A, L, M, N, P, S, V) 
United Shoe Machinery Corp., Boston 
7, Mass. 
(A, C, E, I, K, L, M, O, P, T, V) 
*U. S. Stoneware Co., The, Tallmadge, 
Ohio (G, H, M, V) 
Valchem, Chemical Div. of United 
Merchants & Mfrs., Inc., New York 
18, N. Y. (P, V) 
Valite Div. of Valentine Sugars, it 
New Orleans, 
Virginia Chemical hea? ee. 
Va. (A, E 7; Ge» he % 
Vorac Co., The, Rutbeddon!, N. io 
G, P) 


*Watson-Standard Co., Pittsburgh ‘12, 
Pa. (A, G, L, Vv) 
Williamson Adhesives, Inc., Skokie, Ill. 


Witte, John H., & Sons, Resin Div., 

Burlington, lowa (E, G, L M) 

Woodmont Products, Inc., Huntingdon 

Valley, Pa. (G, K) 
Xylos Rubber Co., Akron 1, Ohio 

(G, x ¥» Be V) 

— Chemicals, Inc., New York 13, 


(K) 


CASEIN 


nor. Chemical Co., The, New York 


*Harwick Standard Chemical Co., Akron 


10 


Midland Adhesive & Ch 1c 
Ferndale 20, Mich. a re 


*Monsanto Chemical Co., Plastics Di 
Springfield 2, Mass. oR Ig 


* Morningstar-Paisl Inc. 
ONY ey, Inc., New York 


National Casein Co., Ghicag 20, Il. 


Perkins Glue Co., Lansda le 


Slomons Laboratories, Inc., Long Island 
City 1, 


CASTING MONOMERS AND 
RESINS 


Acrylic 

Allyl Carbonate 
Elastomeric Vinyl 
Epoxy 

Glyceryl! Phthalate 
Phenol-Formaldehyde 
Polyester 
Polyurethane 
Rubber Latices 
Silicone 

Styrene 


Ree ZT OmmoNe> 


Acco Polymers, Brooklyn 22, N. Y. (A) 

*Acme Resin Corp., Forest Park, Ill. (F) 
Adhesive Products Corp., New York 

60, N.Y. (A, C, D, G, H, I, K) 


*% Indicates Advertiser 
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Alcylite Plastics & Chemical Corp., 
Newhall, Calif. (F) 
* Allied Chemical com, ., Plastics Div., 
New York 6, N. (G) 
All-Tech Da ‘Inc., Miami = 


Fla. (D, 
Anois Alkyd Industries, Carlstadt, 


J 
_*American Cyanamid Co., Plastics 


Resins Div., Wallingford, Conn. (G) 
American Latex Products Corp., Haw- 
thorne, Calif. , H 
American-Marietta Co., Seat a 8 


ash. ( 
Archer-Daniels-Midland Co., Minne- 
apolis 40, Minn. (G, HK) 
Armstrong Products Co., Warsaw, bad. 


*Axel Plastics Research Laboratories, 
Long Island City 1, N.Y. (A,D, G) 
B. a Chemical Co., Cambridge '39, 


(H 
Betiorke Anilin- & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Germany 


(D, G, K) 
a Castor Oil Co., The, cranes, 


Biggs, ¢ Carl H., Co., Inc., Santa Mons 
Borden Gentes Co., The, New 1 


*C: atuitos Plastic & Chemical Co., at 
troit 3, Mich. (D, G, K) 
Carwin Co., The, North Haven, Conn. 


(H) 
Catalin i of America, New York 
16, N. 


*Celanese + ae Co., Div. of Celanese 
Corp. of America, Newark 2, N. J. (G) 
Chase Chemical Corp., Pittsburgh ot 


Pa. 
Chemical Coatings & Engineering Co., 
Inc., Media, Pa. (Cc, , Bw 
Chemical Development Corp., Danvers, 
Mass. (D) 
Chemical & Engineering Associates, 
Elkton, Md. (C, D, G, H) 
*Chemische Werke Hiils, A.G., Marl 
(Kreis Recklinghausen), West Ger- 
many (G, I, K) 


’ 


*CIBA Products Corp., Fair Lawn, NA 


Commercial Resins Corp., 
Minn. 
Conap, Inc., Allegany, N. Y. (D) 
Dayco Corp., The, Dayton, Ohio 
(D, G, H, I) 
Dennis Chemical Co., St. Louis 3, Mo. 
(Cc, D, D 
De Soto Chemical Coatings, Inc., Chi- 
cago 23, Ill. (c, H) 
Devcon Corp., Danvers, Mass. (D) 
Disogrin Industries, Inc., Mt. Vernon, 
N.Y (H 


St. Paul 2 
(G 


*Dow Chemical Co., The, Midland, 
Mich. (A, D, I, K) 
Dow Corning Corp., Midland, Mic. 


*du Pont, E. L., de Nemours & Co., Inc., 
Wilmington 98, Del. | 
*Durez Plastics Div., Hooker Chemical 

Corp., N. Tonawanda, N. Y. (F, G) 
*Dynamit Nobel AG, Troisdorf/Kéln, 
West Germany (F) 
Electronic Components Div., Telecom- 
puting Corp., Van Nuys, Calif 
Emerson & Cuming, Inc., Canton 
Mass. (D, G, H, K) 
Epoxylite Corp., S. El] Monte, Calif. (D) 
*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West Germany (D, G, H, I, J) 
Firestone Synthetic Rubber & Latex 
Co., Akron 1, Ohio @ 
Flexabar Corp., Northvale, N. J. (D, H) 


Flexcraft Industries, Newark 5, N. 

» D, E, F, CG, H, 

*Flexible Products Co., Marietta. Ca, 
(C, D, H) 
~~ Grant Co., Inc., Leominster, 

ass. 

*Freeman Chemical Corp., Div. of a 
Robertson Co., Port Washington Wis, 


Garan Chemical Corp., Gardena, ep 
General Electric Co., Silicone Poa’) 

Dept., Waterford, N. Y. (J) 
General Mills, Inc., ‘Kankakee, Ill. @) 
Ca Plastics Mfg. Co., Tacoma 9, 


cline’ Inc., Stirling, N 
*Glidden Co., The, Eieveland 14, 
(GC) 


arse B. F., Industrial Products 
Akron 18, Ohio (D, 1) 
Pe she H. V., Co., Inc., Belleville 


9, N. J. 
Hastings Plastics, Inc 
*H vn yd Ol NM, ¥. 
ysol Corp., Olean 
* Imperial Chemical , 
Millbank, London S.W. 1, England 


a 
Ohio 


(D) 
Santa Monica, 
F, G) 


> 


(H) 
Interchemical Corp., Finishes Div,, 
Newark 5, N. J. (C) 
Isochem Resins Corp., Providence 9, 
R. L. (D, G, #) 
*Jones-Dabney Co., Louisville 8, Ky. (D) 
Klenk Epoxy Corp., Div. of Hapman 
Corp., Detroit 15, Mich. (D, B) 
*Koppers Co., Inc., Plastics Div., Pitts- 
burgh 19, Pa. (kK) 
Koppers Co., Inc., Tar Products Div., 
Pittsburgh 19, Pa. (D,F) 
Lawrence Adhesive & Chemical Co, 
Inc., Lawrence, Mass. (D) 
Lebec Chemical Corp., Paramount, 
Calif. (A, F) 
Leepoxy Plastics, New Haven, Ind. 
(D, HX) 
Leon Chemical Industries, Inc., Grand 
Rapids, Mich. (A, D, G,®) 
Macromol Corp., The, Matawan, N. J. 


Magnolia Plastics, Inc., Chamblee ——_ 
*Marblette Corp., The, Long Island City 
a eA (D, F) 
Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. I. 
(D, G, H,)) 
Miller-Stephenson Chemical Co., Inc, 
S. Norwalk, Conn. (D, 6) 
Minnesota Mining & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. (H) 
Mitchell Rand Mfg. Corp., New York 
7,N. Y. (D) 
*Mitsubishi Rayon Co., Ltd., bes * 


Jap 
snes! Chemical Co., Pahoa 
Pa. 
Mol Rez Div., American Petrochemical 
Corp., Minneapolis 18, Minn. © 
*Monsanto Chemical Co., Plastics Div. 
Springfield 2, Mass. 
*National Polychemicals, Inc., Wilming- 
ton, Mass. (F) 
*Naugatuck Chemical, Div. of United 
States Rubber Co., » Naugatuck, Cot 


New England Tape Co., Hudson, Mass 


*Nopco Chemical Co., Plastics Div. ™. 
Arlington, N. J. ) 
Nureco, Inc., Cranston 10, R. I. (D, 
Ohio Adhesives Corp., New P. 
phia, Ohio (D, 9 


(For complete addresses, see Alphabetical Index, p. 1179) 
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xPasley’s Plastic Products, Inc., Atlanta 
, Ga. (C) 
Pelron Corp., Lyons, Ill. (H) 
Peters Chemical Mfg. Co., Melrose 
Park, Ill. (A) 
Pittsburgh Plate Glass Co., Chemical 


Div., Pittsburgh 22, Pa. (B) 
*Pittsburgh Plate Glass Co., Paint Div. 
Pittsburgh 22, Pa. (G} 


*Plastic Engineering & Chemical Co., 
Fort Lauderdale, Fla G 
Plastic Enterprises, College Point, N. Y. 


Plastic Glass Corp., Newark 5, New 


Jersey 
Plastics by Chapman, Richmond, on 
Plastronic Engineering Co.; Marlbor- 
ough, Mass. (D) 
Poly Resins, Sun Valley, Calif. 
(C, D, F, H) 
Polymer Chemical Co., Cincinnati 12 
Ohio (I 
Polymer Industries, Inc., Springdale, 
Conn. (D) 


Polyplastex United, Inc., Union, Nid 


Raybestos-Manhattan, Inc., Stratford, 
Conn (D) 
*Reichhold Chemicals, Inc., White Plains, 
N.Y (D, F, G, H) 


Ren Plastics, Inc., Lansing 9, Michigns 
D 


Resi-Chem, A Div. of Brown Co., 
Swanton, Ohio (G) 
Resin Systems Div., Fenwal, Inc., Ash- 
land, Mass. (D) 
*Rezolin, Inc., Santa Monica, Calif. 


(D, 
*Rohm & Haas Co., Philadelphia &. 3 


Sartomer Resins, Inc., Philadelphia 4, 
Pa. (A) 


Schramm Fiberglass Products, Inc., 
Chicago 78, Ill. (D, G, H) 
— omens Co., New York 20, 
(D, K) 

a On Mfg. Co., Jersey City 4, 
N. J. (D} 


*Solar Chemical Corp., Leominster, 
Mass. ( 
Steelcote Mfg. Co., St. Louis 3, Mis- 

souri (D) 


Swift & Co., Hammond, Ind. (C, D) 


Synthetic Plastics, Newark, New Jer- 


sey 
Technicraft Co., Boston 34, Massachu- 
setts (G) 


Thtehel Chemical Corp., Trenton 7, 
N. J. (H) 


Union Carbide Chemicals Co., Div. of 
U A Carbide Corp., New York 17 
(A, D, Kj 

Pedy Carbide Plastics Co., Div. of 
Union Carbide Corp., New York 17, 

N. Y. (D) 


*United States Gypsum Co., Chicago 6, 
Ml. (D) 
U. S. if fee Products Corp., Metuchen, 
(A) 

Ure ame Corp. of America, Medina, 
(H 


New Orleans, La. 


Witte, John H., & Sons, Resin Div., 
Burlington, lowa (D, G, H) 


Woodmont Products, Inc., Huntingdon 
(D) 


‘ae Div. of Valentine Sugars, Inc., 
(F) 


lalley, Pa. 
Worbla, Ltd., Papiermuhle-Bern, Swit- 
(K) 


zerland 


_—.. 


& Indicates Advertiser 
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CELLULOSE AND DERIVATIVES 
(Flake) 


Cellulose 

Cellulose Acetate 

Cellulose Acetate Butyrate 

Cellulose Nitrate 

Cellulose Propionate 

Ethyl Cellulose 

Hydroxyethy!l Cellulose 

Methy! Cellulose 

Sodium Carboxymethyl 
Cellulose 


~ZOmmoNe> 


*Antara Chemicals, A Div. of General 
Aniline & Film Corp., New York 14, 


N. Y. (1) 
Bamberger, Claude P., Inc., Ridgefield 
Park, N.’J. (B, C, E, F) 


Blum, Yaul, Co., Buffalo 10, N. Y. 


Brown Co., Boston 14, Massachusetts 


Tenn. 


*Celanese Polymer Co., Div. of Celanese 
Corp. of America, "Newark 2, N. ae 


*Davis, Joseph, Plastics Co., Banter 
N. J. (B 


*Dow Chemical Co., The, Midland, 
Mich. (F, H) 
*du Pont, E. I., de Nemours & Co., Inc., 
Wilmington 98, Del. ®, 1 
Dytex Chemical Co., Providence 3, 
R. 1. (H, I) 
Eastern Plastic Materials, Inc., Slaters- 
ville, a (B 
*Eastman Chemical Products, Inc., 
Chemical Div., Sub. of Eastman 
Kodak Co., Kingsport, Tenn. (B) 
Chemical Products, Inc., 
Plastics Div., Sub. of Eastman 
., Kingsport, Tenn. 
(B, C, E) 
Erie Plastics Co., Inc., Erie, Pennsyl- 
vania (B, C 
Eronel Industries, Hawthorne, Calif 


Buckeye Cellulose Corp., —— 8 


*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West Germany (B, C) 
*Farbwerke Hoechst A. G. —“ Meis- 


ter Lucius & Loney Frankfurt/ 
Main-Hoechst. ay em (H, I) 


Hercules Powder ge Inc., pres 
99, Del. (A, D 1) 
Mazzucchelli Celluloide S.pA., Castig- 
lione Olona (Varese), Italy (D) 


*McKesson & Robbins, Inc., Chemical 
2 peqeinant, New York 17, New 
or 


*Muehlstein, H., & Co., Inc., New York 


17, N. Y. (B, C, F) 
Plastic Materials, Inc., Hicksville, N. ‘a 


Poly-Cell Plastics Co., Smithtown, wy 


Yor 
Southern Chemical Cotton Co., Chat- 
tanooga 5, Tenn. (A) 
Union Carbide Chemicals Co., Div. of 
Cale Carbide Corp., New York ids 


wae Plastics, Inc., Brooklyn 9 


Rayonier, Inc., New York 17, a7" 


(B) 
enn’ Ltd., Papiermuhle-Bern, Swit- 
zerland (D, 1) 


COATINGS 
(See Also Varnishes) 


Acrylic 

Alkyd 

Cellulose 

Chlorinated Polyether 

Epoxy 

Fluorocarbons 

Furan 

Melamine 

Nylon 

Oil 

Phenolic 

Polyester 

Polyethylene 

Rubber (Natural and 
Synthetic) 

Silicone 

Special Coatings (e.g., 
Dia! Insignia and Panel) 

Styrene 

Urea 

Urethane 

Vinyl 

Vacuum Metallizing Coatings 


--TOmmMONe> 


~O ZErrw 


cCxanpwO 


*kAcme Resin Forest Park, Til. 
CT hedeos = 


Acro Chemical Corp., en 
Valley, N. J. 

Adcote Chemicals, Inc son » = 
(A, B, C, D, E, F, Hf, LM ee: 


Adio . es Corp., ae ak 
(A, B, C, E, H, I,K, M,N, O, Q, T) 


Rebel Cale on 


tae, TT, Ries, Pe 
New Y A, > ™, 3° Hy 
All-Tech Industries, Inc., Miami 68, 
Fla. (E} 


Amercoat Corp., South Cote, Calif. 
(A, B, E, O, T) 
American Agile Corp., Bedford, Chie 


American Alkyd nchestates, Cote 
N. J. (A, B, J, K, Q, RB} 


*xAmerican Cyanamid Co., Plastics yee 


Resins Div., Wallingf Conn. 
ont, Coa 
American Durafilm Co., Inc., Newton 
Lower Falls, Mass. (A, D, F, M) 
American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N. J. (N, T) 
American teowee Solvents Co., Phoe- 
nixville, P 
Oye EHELO,P.ORS,D 
American Latex Products Corp., Haw- 
thorne, Calif. (A, E, K, N, Ss, T) 
American Products Mfg. Co., New Or- 


leans 18, La. (A, C, N, Q, T) 
American Reinforced Plastics Co., Los 
Angeles 1, Calif. (E, K, L) 


American-Marietta Co., Adhesive, Res- 
in & Chemical Div., Seattle 4, Wash. 
(H, K, R) 

eg Mfg. Co., The, New York re 


ttesiniaiies Co., Minne- 
apolis 40, Minn. (T) 
Aries Laboratories, Inc., Stamford, 
Conn. (E) 
Armitage, John L., & Co., Newark, 


N. J. (A, B, C, E, H, K, B, T, U) 





RESINS, MOLDING COMPOUNDS, AND OTHER BASIC MATERIALS 


Armstrong Products Co., Warsaw, Ind. 


a Coctings Corp., Long Island Ci 
on i E, 


oe, 
Long Island City 1, N. am 


AE, M, 8,7) 
B. B. Chemical Co., Cam 
Mass (A, E, L, 5 
B & T Plastic Finishing Co., Evanston, 


VU) 
*Badische Anilin- & Soda-Fabrik AG, 
Ludwigshafen/ Rhine, W. est German’ 


( BELT M, Q, 
a Castor Oi Co., vs oe 


" oy 

Bervels ye. S ETE OO he ret 
*Bee Chemical Co., Lansing, x. 

(A, B, C. E, H, LM R, T, U) 

Pe: Corticelli | industries, ew York 


Carl H., Co., in, Santa Monica, 
Bischoff Chemical Corp., I 


Blt Paul, Co., Buffalo 10, N. Y © 
Borden Chemical Co., The, cue’ York 
17, N. Y. AT) 


B & Vrooman 
redler roman, Co, Chea 18 


aCe ities Plastic & Chemical Co., LT) 
troit 3, Mich. 
Calresin Co., Div. of Knudsen Cream- 
ery, Los Angeles 39, Calif. (E, T) 
Carboline Co., St. Louis 17, Mo. 


( 
Coe F Corp. of America, New von 


A, 
Chemical , Wee & Engineerin pe 
Inc., Media, Pa. (EF, on K, L, 
Chemical Development a - 
(A, Cc, PB Re, 
ous n 
AE, TNs t 
Chemical Industries, Uait of E. F. Van 
Winkle y Pasadena, Calif’ (A, B 
C, E, H, I, K, M,N, 0, 0, R, T) 
*Chemical Products sak, E. = 
dence 14, R. 
Chemtron ine Glass Co., El Monte 
Calif, 


*Claremont Pigmen on a 

Roslyn Heights, N. hs eee oop. 
Clinton Co., The, Chicago 22, Til. 

A, B, rl E, H, N, T) 

Colab Resin Corp., Tewksbury, Mass. 


Commercial Resins Corp., St. Paul 


., Inc., Waltham 
(A, E, K, N, T) 
Conap, Inc., Allegany, N. Y. (E) 
Connecticut Hard Rubber Co., New 
Haven 10, Conn. 
Cook Paint & Varnish Co., Kansas City 
41, Mo. (A, B, E, H, L, R) 
Co-Polymer Chemicals, Inc., Livonia, 
Mich. (E, S) 
Crownoil Chemical Co., Inc., Lon 
Island City 1, N. Y. os E, 
Custom Chemicals Co., Inc., E. Ruth- 
erord, NJ. B,C, EH. Re 
M, N, O, Q, R, S, T) 
Custom Coatings Co., Los Angeles 34, 
Calif. A, E, Dp 
Dayco Corp., The, Dayton, Ohio (N, T) 
Deerfield Coatings, Inc., S. ae. 
___ Mass. (A, E) 


* de Indicates Advertiser 
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> Cant 
eee & cone” Inc., “Oo 


sEnjey Chemical Co, A Div. of Peal 
& Refining Co., ae on a 


om Paint Mf, 
(A, B, E, J, re > ores 
Reonite Corp., S. El Monte, Calif 
Eronel Industries, Hawthorne, Cal. " 
*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West Germany (N, O) 


Fuller, H. B., Co., a 

*Furane Plastics, Los Angeles 39. 
Calif. ams (E, G, T) 
Garan Chemical Corp., Gardena, Calif. 


(A, E, T) 

*General Electric Co. Chemical Mate- 
rials Dept., Pittsfield, Mass. (K) 
General Electric Co., Silicone Products 
Dept., Waterford, N. Y. (O) 
General Latex & Chemical Corp., Cam- 
bridge, Mass. (N, S) 
General Mills, Inc., Kankakee, Ill. (E, I) 


General Plastics Corp., Paterson, & } 


Cosa Plastics Mfg. Co., ae 
enue P. D., The, St. Louis 7 
Mo. ARCEHTELRS DB 
*Glidden Co., The, Cleveland 14, Ohio 
(A, B,C, E, H, J, K, N, 0.0, 8, T) 
Goodrich Industrial Products 
Ca Rice 18,"Obie (£, K, N, S, T) 


78, N. + Sa 
tl og = len’ Oe 
a Woodbridge, ep 


Henley Tite 255 t. Louis 17, Mo, 
(A, B C, H, J, K, 0, 0,8, 7) 


Onin taste Chemical Prod 
my 


— Ba 
Sub. of Cary 
York 1, 

Gusmer, A. 


<i, H. V. , Co. Inc., Belleville 
sasiogs & Co., Inc., 


Philadelphia 
Hastings Plastics, Inc., Santa att 


H W.,_ Laboratories, Ine 
ene adda 4 Mass 


(A, B, , H, - > eae 
ay & » Mani 


(K, 

Hescal Products, Inc., git Plas. 
tics Div., El Segundo, 

a Rubber Co., Framin 


saomnitte Corp., The, Wilmington 
a a 


(A, B, C, E, i J, K, N,0,Q,R 
kIrvin, Jewell & Vinson Co., The, Div, 
The Hooven & Allison Co., Dayton 


Cemwres : 


Bre B po 
s 255— 


Joclin Mfg. Co., Wallingf 
Johns Manville, N New York 
*Jones-Dabney Co. 


Polymer Corp., Lawrence, 
_ (A, B, E, N,§) 


Kayne Beteing On, Inc., Philadel 
Kee ST 


GB C, E, H, J, 0, QO, 8,7 
Industries, Inc., Lansing 6, Mich 


3 


Klenk Epoxy Corp., Div. of 
Corp., Detroit 15, Mich. (E, Q, 


* rs Co., Inc., Plastics Div., 
v burgh 18. Pa 


Koppers Co Inc., Tar Products Div. 
ittsburgh 19, Pa. 


*Krieger Color & Chemical 
Hollywood 38, Calif. (A, B, ¢ 


L & P Tool Co., Cincinnati 
La S ties, Inc., N 
NJ. —_ “ B, C, M, 
Laate Plastics Co., Inc., 
tA B, C, E, H, J, K, M, N, O, R, 
Lamex, Inc., Norcross, Ga. (M, 
= ‘a Products Co., Tampa 
Lancomtes Chemical ig 
ta Chemicals, Inc., Chicesn 
Lebec Chemical Corp., e 
Calif. 


Leon Chemical Industries, ne 
Rapids, Mich. (A, C, E, 


(For complete addresses, see Alphabetical Index, p. 1179) 
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xLiquid Nitrogen Processing 
vern, Pa. ne aoe 
mae eae. ‘EK, BS, T) 
Logo Div., Bee Chemical Co., Lansing, 


(A, B, C, E, H, I, K, N, Q, R, T, U) 
Magic Chemical Co., Brockton, re) 


-»_Mal- 
(D, F, T) 


(B, C, D, E, F, J, K, L, N, O, P, 
Magnolia Plastics, Inc., Chamblee, os 


Marbek, Inc., Brooklyn 22, N. Y. (T) 
*Marblette “es ag The, Long Island 
City 1, N. Y. ba 
McCloskey Varnish Co., Phila 
36, Pa. (B, E, J, ~ 
McLeane, H. E., & Sons, St. Louis 
Mo. (C, E, N, T) 
Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. I. 
(£, L, O, S) 
*Metal & Thermit Corp., Rahway, N. J. 
ws ee "RGE LED 
Metallic Plastics Corp., Long Island 
City 1, N. Y. (U) 
Michigan Chrome & Chemical Co., 
Detroit 13, Mich. (C, E, I, T) 
Micron Chemical Products . 
Brooklyn 31, N. Y. 
Midland Adhesive & Chemical Corp., 
Ferndale 20, Mich. 
(A, B, C, E, J, K, N, Q, R, T) 
Miller-Stephenson Chemical Co., Inc., 
S. Norwalk, Conn. (E, S) 
Mi ta Mining & Mfg. Co., Adhe- 
poy Coating fe Sealer Div. St. Paul 
6, Minn. (N 


Minnesota Mining & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. 

Miracle Adhesives Corp., a, 
mY. 


Mitchell Rand Mfg. Corp., New York 
7, N. Y. (E 


) 

*Mitsubishi Rayon Co., Ltd., Tokyo, 
Japan (A) 
Mol Rez Div., American Petrochemical 
rp., Minneapolis 18, Minn. (B, L) 
Monroe Sander Corp., The, Long Island 
City 1, N. Y. (A, B 
C, E, H, J, K, M, N, 0, Q, B, T 
*Muehlstein, H., & Co., Inc., New York 
17, N. Y. (T) 


Munray Products .Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio (A, T) 


on Lacquer & Paint Co., Chicago 
Ill, 


(A, B, C, E, H, I, J, K, L, O, 9, T) 
*National Polychemicals, Inc., Wilming- 
ton, Mass, (K, R) 
National Starch & Chemical Corp. 
New York 17, N. Y. (A, C, 
*Naugatuck Chemical, Div. of United 
States Rubber Co., Naugatuck, Conn. 
(L, N, T) 
New England Tape Co., Hudson, Mass. 


(E, T) 

Nikolas, G. J., & Co., Inc., Bellwood 
Ill A, B, C, E, Hj 
Ohio Adhesives Corp., New Philadel- 
phia, Ohio (E, N) 
Ohio Sealer & Chemical Corp., Dayton 
89, Ohio (T) 
Onyx Oils & Resins, Inc., New York 4, 


N. Y, (A, B, E, H, J, K, R, T) 
"ae Chemical Co., Midland Par! 


et Plastic Products, Inc., Atlanta 
, Ga. 


(T) 
Permacel, New Brunswick, N.J. (E) 
*& Indicates Advertiser 


Pierce & Stevens Chemical Corp., Buf- 
falo 3, N. Y. 
(A, B, C, E, H, K, N, R, T) 
*Pittsburgh Plate Glass Co., Paint Div. 
ep ttsbureh 22, Pa. AB, J, 0, 9 
Plastic Engineering & Chemical = 
Fort Lauderdale’ Fla. L) 


*Plasti She 
‘ics Engineering Co, bores, 


Poly Resins, Sun Valley, Calif. (E) 
Polykote, Inc., Cleveland 3, Ohio 


(C, E, T) 
Pol Chemical Co., Cincinnati 12 
Ohi (A, C, E, K, N, T) 


Oo 
Pol Corp., The, Whirlclad Div. 
Reading Po, (C, D, E, I, M, T) 


neuer Industries, Inc., Ser neale, 


Polyneeri Ente: Inc., T 

~~ eee 
*Polypenco, Inc., Reading, Pa. 

(C, ’ E, 4 M, T) 
Protective Treatmen Inc., Da 3, 
Ohio wR LL, 
Prufcoat Laboratories, Inc., Cambridge 
42, Mass. (A, B, E, K, O, Q, T) 


Putnam Chemical Corp., Beacon, N. Y. 


lin Produ Inc., Chicago 32, 
“a ee ,E, H,N, QR, T 
Quelcor, Inc., Chester, Pa. (T) 
R. A. Chemical Corp., Brooklyn 10. 

N. Y. Q, T) 


a & Swanson, Inc., Wilmington, 


ass. 
(A, B, C, E, H, I, K, L, Q, R, S, 7) 
Rand Rubber Co., Brooklyn 16, i i 
*Randolph Products Co., Carlstadt, N. J. 
(A, B, C, E, H, oO, Q, R, T) 
Raybestos-Manhattan, Inc., Stratfo 
Conn. (E, K, 
Red Spot Paint & Varnish Co., Inc., 
Evansville 8, Ind. (A, B, C, E, H, J, 
K, N, O, QO, R, T, U) 
Ren Plastics, Inc., Lansing 9, ae 


Research Sales, Inc., Suffern, N. Y. A, 
B, C, D, E, H, I, J, K, L, No 2 


Resi-Chem, A Div. of Brown Co., 
Swanton, Ohio (L) 


Resin Systems Div., Fenwal, Inc., Ash- 
land, Mass. (E) 
Resinwood Mfg. Co., Brea, = 1) 
Resisto Chemical, Inc., Wilmington 99 
Del. (A, E, I, K, L, O, T} 
cope. Chemical Co., Garden Grove, 


(T) 
Rexton Finishes, Inc., Irvington 1l, 
N. J. (A, B, C, E, H, J, K, Q, R, T) 


*Rezolin, Inc., Santa Monica, Calif. (E) 


er & Asbestos Corp., mooeield, 
*Rubber Corp. of America, Hicksville 


(N, T) 
Santa Barbara Plastics, Sub. of Narmco 
Industries, Inc., Goleta, Calif. (T) 


Sestomer Resins, Inc., Philadelphia f 
a. 


(a) 

Schenectady Varnish Co., Inc., Schen- 
ectady 1, N. Y. (B, E, I, J, K, L, S) 
Schott Process Corp., Port Washington, 


(E) 

Schramm Fibe Products, Inc., 

Chicago 18, (E, L) 

Schwartz Chemical Co., Inc., Long 
Island City 1, N. Y. 


(A, B, C, E, H, K, Q, R, S, T, U) 


RESINS, MOLDING COMPOUNDS, AND OTHER BASIC MATERIALS 


& 
Suse Low ag : Caantog, “tee, 
Sherwin-Williams Co., Pi 
Color & Chemical Div. New York 


3 


16, N. Y. B, C, E 

G, H, J, K, L, N, 0, 0, R, ST 
Skeist La Newark 

N. J. _ (E,S 
TT" Mfg. Co., Jersey City on 
Sola ‘Chemical Corp., ———. 


*Spray-Bilt, Inc., Hialeah, Fla. (L) 
Spraylat Corp., New York 16, N. Y. 


N, 
Standard Toch Chemicals o* PB 
Island 8, N. Y. (A, B, C, E, H, Ek 
M, O, Q, R, S, T, 
Conn. ie 
(A, B, C, E, H, J, K, 0, Q, R, T) 
Steelcote Mfg. Co., St. Louis 3, Mo. 
(A, B, C, E, H, I, J, K, N, O, R, S, T) 
Stein, Hall & Co., Inc., New York 17 
N.Y. (A, I, N, T} 
Stoner-Mudge Co., Pittsburgh 30, Pa. 
(A, B, E, H, J, K, L, N, O 
*Sullivan Varnish Co., Chicago 22, Ill. 
SASSER SEL ESS 
S, 
Sun Steel Co., Chicago 36, Ill. (T) 
Sundure Paint Corp., Syracuse “t i 
Swedlow, Inc., Los Angeles, Calif. (U) 
Swift & Co., Hammond, Ind. (E, T) 
“Systhetio Products Co., Cleveland 12 

10 


(E 
Tetrafluor, Inc., Inglewood 1, California 


(F) 

Toyad Corp., Latrobe, Pa. (N, S, T) 
Truscon Laboratories, Div. of Devoe & 
Raynolds Co., Inc., Detroit 11, Mich. 
(B, E, J, O) 

Tylene Plastics, Inc., Michigan City, 
Ind. (E) 


UBS Chemical Co., Div. of A. E. Staley 
Mfg. Co., Cambridge 42, i $) 
Union Carbide Corp., Silicones Div. 
New York 17, N. Y. (O} 
*U. S. Stoneware Co., The, Tallmadge 
Ohio (B, E, F, G, K, L, T) 
Valchem, Chemical Div. of United 
Merchants & Mfrs., Inc., New York 


18, N. Y. (L) 
Valite Div. of Valentine Sugars, Inc. 
New Orleans, La. (k} 


*Vernon Specialties, Inc., N. Ta own, 
N.Y. A BGE HL K 
M, O, Q, R, T, U 


*Vinyl Corp. of America, Dayton, Ohio 


Vorac Co., The, Rutherford, N. J. 
(A, B, E, F, H, K, L, M, O; R, T) 
*Watson-Standard Co., Pittsburgh 12, 


a. 

(A, B, E, H, L J, K, N, O, Q, R, T) 
Western Coating Co., Royal Oak, Mich. 
Witte, John H., & Sons, Resin Div. 

Burlivgten, ~— (B, E, Vs) 
Woodmont Products, Inc., Huntingdon 

Valley, Pa. €, 1) 
Wornow Process Paint Co., Los An 

21, Calif. (A, B, C, E, N, P, T) 
Xylos Rubber Co., Akron 1, Ohio (N) 
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RESINS, MOLDING COMPOUNDS, AND OTHER BASIC MATERIALS 


EMULSIONS AND DISPERSIONS 


Acrylic 

Alkyd 

Allyl 

Cellulose 
Coumarone-Indene 
Epoxy 
Fiuorocarbons 
Furan 

Isocyanate 
Melamine 

Nylon (Polyamide) 
Phenolic 

Polyester 
Polyethylene 
Polyvinyl Alcohol 
Protein 

Rubber 

Resorcinol 

Styrene 

Vinyl and Vinyl Copolymers 
Vinyl Acetate 


Cap rPOw~rOZEr- Ae -TOmmMONE> 


Acco Polymers, Brooklyn 22, N. Y. (A) 
Ach Dispersed Pigments Co., Unit 
“of Acheson Industries, Philadelphia 
8, Pa. (A, B, D, F, G, K, M, N, O, 


Adhesive Products Corp. New York 60, 
N. Y. (A, B, D, E 1,jJ.K,L,M 


°6,6,8, TU 


Air Reduction Chemical & Carbide Co., 
Colton Polymers Dept., A Div. of Air 
Reduction Co., Inc., New York 17, 
N.Y. (T, U) 

*Allied Chemical Corp., Plastics Div., 
New York 6, N.Y. (B, E, J, L, M) 

All-Tech Industries, Inc., Miami 68 
Fla. (M) 

Amercoat Corp., South Gate, Calif. (T) 

American Alkyd Industries, Carlstadt, 
N.J. (U) 

*American Cyanamid Co., Plastics and 
Resins Div., Wallingford, Conn. (B) 
American Latex Products Corp., HAO) 


thorne, Cai 


American-Marietta Co., spt Resin 
& Chemcial Div., Seattle 4 ys +7 


*Antara Chemicals, A Div. of General 
Aniline & Film Corp., New York 14 
N.Y. (T} 


Arabol Mfg. Co., The, New York 17, 
N. Y. (T) 


Armour & Co., Armour Alliance Indus- 
tries, Alliance, Ohio (T) 
Armstrong Cork Co., Lancaster, Pa. 
(A, T) 

Atlas Sotings Corp., Long Island City 
4 . (T ) 
*Axel Plastics Research Laboratories, 
Long Island City 1,N. Y. (A, I, T) 

B. B. Chemical Co., Cambridge 39, 
Mass. (Q) 


*Badische Anilin- & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Germany 
(A, K, S, T) 

Borden Chemical Co., The, New York 
17, N. Y. (A, Q, S, T, U) 


Bradley & Vrooman Co., Chicago 16, 
tl. (A, 


% Indicates Advertiser 
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Carboline Co., St. Louis 17, Mo.  (T) 
ae J Corp. ‘of America, New bee 16 


A, L) 


Gn Chemicals Co., Div. of Ole 
nese Corp. of America, New i 7.0) 
N. Y. y oh 

oo Chemical Corp., Pittsbergh 1 


a 
Chemical Coatings & me ti * 
Inc., Media, P 0) 
Chemical Industries, Unit of E. F. et 
Winkle Co., Pasadena, Calif. 
(B E, M, N, S) 
<Cesiet Products Corp., E. Providence 


4,R.I ( 
SChaaieciia Werke Hiils, A.G., | 
(Kreis Recklinghausen), West Ger- 


many 
Colab Resin Corp., Tewksbury, Mass. 


Conap, Inc., Allegany, N. Y. 
*Cooke Color & Chemical Co., Hacketts- 
town, N. J. (Q, S, T) 
Co- +s ead Chemicals, Inc., Livonia, 


Custom Chemicals Co., = E. Ruther- 
ord 


N. 
a a Inc., g  Deeteld 
poe ‘Chemical Co., St. Louis 3, Mo. 


Q, T) 
De Soto Chemical Coatings, Inc., Chi- 
(A, T, U) 
ey y Co. Div., 
W. R. Grace & Co., Cambridge 40 
Mass. (S, T, US 
*Dow Chemical Co., The, Mi 
Mich. & % S, 
*du Pont, E. L, de Nemours & 
meray CN 
A, 0 U 
*Durez Plastics Div., Hooker S37} 
Corp., N. Tonawanda, N. Y. (L, M) 
Dytex Chemical Co., Providence oe 


*Enjay Chemical Co., A Div. of Humble 
& Refining Co., New York, aS 
Eronel Industries, Hawthorne, Calif. (T) 
*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West Germany (A, I, Q) 
*Farbwerke Hoechst A.G. (vormals Meis- 
ter Lucius & Briining), Frankfurt 
Main-Hoechst, West Germany (T, 
Firestone Plastics Co., Pottstown, Pa. 
(A, Q, S, T) 
Firestone Synthetic Rubber & Latex 
Co., Akron 1, Ohio (Q) 
Flexabar Corp., Northvale, N. J. 
A, B, F, M, Q, S, T) 
Flexcraft Industries, Newark 5 J. 
Oi T) 
Marietta, Ga. 
A, F, I, T, UV) 
*Foster Grant Co., Inc., Leominster, 
Mass. (K, S) 
Fuller, H. B., Co., St. Paul 2, Minn. 
(Q, T, U) 
General Latex & Chemical Corp., Cam- 
bridge, Mass. (A, Q, T) 
General Plastics Mfg. Co., Tacoma 9, 
Wash. (I 


George, P. D., Co., The, St. Louis 7, 


*Flexible Products Co., 


Mo. (M) 
*Glidden Co., The, Cleveland 14, Ohio 
(A, B, D, I, J, M, P, S, T, U) 
Goodrich, B. F., Chemical Co., Cleve- 
land 15, Ohio (T, VU) 
Goodrich, B. F., Industrial Products Co., 
Akron 18, Ohio 
*Goodyear Tire & Rubber Co., 
Div., 16, Ohio t 
Gordon-Lacey Chemical Products Co., 
Inc., Maspeth 78, N. Y. (T) 


. > 


Chemical 
( ) 


Aire Senteny-Cemniead Co, 
ees a i , * 
rial Adhesives, Inc., Cincinnati 
Bhs (A, B, D, t. Di, 0,9,8,T 
rial Chemical Industries. Ltd., 
et Lee kw England 


R.L. ( 
Joclin Mfg. Co., Wallingford, Conn. (G) 
*Jones-Dabney Co., 


Klenk Epoxy Corp., pman 
oe agg Mich. (F, I, T, U) 
oppers nc., Chemicals & 
stuffs Div., Pittsburgh 19, Pe 
*Koppers Co., Inc., Plastics “sie 
urgh 19, Pa. N's) 
—_—- Color A qt . 
Hollywood 38 


A: BD. K, M,Q,5,7) 
Rapegtes Geen, Si Carlstadt, 


N.J. 
Manhattan, Adhesives Corp., Brookins 


(U) 
*Marbon Chemical Div., Borg-Wamer 
McAleer on W. roy Mi (S) 
Siedey Wamu’ Con 
Phila 


ty <r U) 
Michigan Chrome & Chemical Co., De- 
troit 18, Mich. 
Midland Adhesive & Chemical Corp., 
Ferndale 20, Mich. 


(A, B, D, I, L, M, P, 0,5, T) 
Miller-Stephenson Chemical Co., Inc 
S. Norwalk, Conn. (F, M, 0} 
Minnesota Mining & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. 
*Monsanto Chemical Co., Plastics Div. 
Springfield 2, Mass. 
aes 5 P. 
19, N. Y 
*Muchlstein, H., & Co., A tee York 
Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio _ (T) 
National Starch & Chemical Corp 
N. Y., 17, N. Y. (A, 9, T, 
*Naugatuck Chemical, Div. of Uni 
States Rubber Co., » Nengutact, OT 
New England Tape Co., Hudson, on 


*Nopco Chemical Co., Plastics Div., N. 
Arlington, N. J. (U) 


N. Y. 
Pessield Chemical Co., 
*Pasley’s Plastic Products, Inc., —_ 


18, Ga. 
Pelmor Laboratories, Newtown, Pa. (Q) 
Pennsylvania Industrial Chemical 
Clairton, Pa. 
Permacel, New Brunswick, N. J 
rae 
Pierce & Stevens Chemical Corp, Buf- 
falo 3, N. Y. (Q, T) 
*Plastic Engineering & Chemical Co, 
Fort Lauderdale, Fla. 
*Plastics Engineering Co., Sheboy ih 
Wis 


Polykote, Inc., Cleveland 3, Ohio _(T) 
ie Chemical Co., om 12, 


Polymer Industries, Inc., Springdale, 
Conn. (F, O, T, 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Polyrez Co., Inc., Woodbury, N. J. (L) 
Polytex Industrial Finishes Corp., Affili- 
ate of Atlas ag Corp., a 
Island City, New Yo i 
Polyvinyl] Chemicals, Inc., Peabody, 
on "(A, S, T, US 
Putnam Chemical Corp., Beacon, is Y. 
Quelcor, Inc., Chester, Pa. (T) 
R. A. Chemical Corp., Brooklyn int 
N. Y. 


Raybestos-Manhattan, Inc., Stratford, 
Conn. (Q) 
kReichhoid Chemicals, Inc., White 
Plains, N. Y. (A, B, T, U) 


Resi-Chem, A Div. of Brown Co., Swan- 
ton, Ohio (M) 


Resinwood Mfg. Co., Brea, Calif. 


(A, S) 

Resisto Chemical, Inc., Wiekop aT 
Del. 

Reynolds Chemical Products Co., he. 

more Lake, Mich. (T) 


*Rohm & Haas Co., Philadelphia 5, K 


*Rubber Corp. of America, Hicksville, 
N.Y. (Q) 

Sartomer Resins, Inc., Philadelphia 4, 
Pa. (A, 


Schori Process Corp., Port Washington, 
N.Y. (M) 


Schwartz Chemical Co., Inc., Long Is- 
land City 1, N. Y. (O, T, U) 
Shanco Plastics & Chemicals, Inc., 
Tonawanda, N. Y. (S, T) 
Shawinigan Resins Corp., la 
1, Mass. (O, T, U) 
Smith, J. Lee, & Co., Inc., North Bruns- 
wick, N. J. (A, B, H, M, S, T) 
*Solar Chemical Corp., 
Mass. 
*Solvay & Cie, Direction des Matieres 
Plastiques, Brussels 5, Belgium (T) 
Southwest Chemical & Plastics Co., 
Seabrook, Texas (N, S, T) 
Spraylat Corp., New York 16, N. Y. 
(A, T) 
Stanley Chemical Co., The, East Ber- 
lin, Conn. (A, B, J, M, S, T) 
oe ee & Co., Inc., ~ York 17, 


Leominster, 


A, OQ, T, U) 

Stoner-Mudge Co., Pittsburgh 33, Pa. 

(A, T) 

Sundure Paint Corp., Syracuse 4, NA 

Swift & Co., Chicago 9, Ill. (P, O, T) 
Synco Resins, Inc., Bethel, Conn. 


Inglewood 1, Calif. (G) 
Thiokol Chemical Corp., Trenton 7, 
N. J (Q) 


Tetrafluor, Inc., 


Tri-Point Plastics, Inc., Albertson, N. Y. 
nT (G) 
Truscon Laboratories, Div. of Devoe 
& Raynolds Co., Inc., Detroit 11, 
Mic h. (A, p 


UBS Chemical Co., Div. of A. E. Staley 
Mfg. Co., Cambridge 42, — 
A, S) 


Unic m Carbide Chemicals Co., Div. of 
on Carbide Corp., New York AT, 
T) 


Union ¥ iste Co., Hyde Park 36, Mass. 
(O, T, U) 

Valchem, Chemical Div. of United 
Merchants & Mfrs., Inc., New York 
_ 18,N.Y, (A, N, U) 


% Indicates Advertiser 
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Velgedt Chemical Corp., Chicago 11 


(E} 


weal Corp. of America, Dayton, Ohio 


(T) 
Vorac Co., The, Rutherford, N.J. (N,Q) 


*Watson-Standard Co., Pittsburgh 12, 


Pa. (A, S, T 
Witte, John H., & Sons, Resin Div., 

Burlington, Iowa (B, I, L, M) 
Woodmont Products, Inc., Huntingdon 

Valley, Pa. (F, 
Xylos Rubber Co., Akron 1, Ohio Q) 


LAMINATING RESINS 


Acrylic 
Epoxy 
Phenolic 
Polyester 
Silicone 


mOoN@> 


Adie Products Corp., New York 60, 
a? (A, B, C, D, E) 
sae Plastics & PE dn Corp., 
Newhall, Calif. (C) 


—_— Chemical Corp., Plastics Div., 


New York 6, N. Y. (C, D} 
All-Tech Industries, Inc., Miami 68, 
Fla. (C) 


Asasiatm Alkyd Industries, emer 


hiamen Cyanamid Co., Plastics an 


Resins Div., Wallingford, Conn. (D) 
American Reinforced Plastics Co., Los 
Angeles 1, Calif. (B, C, D) 
American Resin Corp., Chicago .. * 
American-Marietta Co., Adhesive, 
Resin & Chemical Div., Seattle 4, 
Wash. (C) 
Archer-Daniels-Midland Co., Minne- 
apolis 40, Minn. (C, D) 
Armstrong Products Co., Warsaw, i 


Atlas Chemical Industries, Inc., Wil- 
mington 99, Del. (D) 
*Badische Anilin- & Soda-Fabrik AG, 
Lisiwigshefen/Rhine. West Germany 


(A, B, C, D) 
Biggs, Carl H., Co., Inc., Santa Monica, 
Calif. (B) 


Catalin . of America, New York 
N.Y (A, C) 


, 


*Celanese Polysser Co., Div. of Celanese 
Corp. of America, Newark 2, Nj 


Chemical Coatings & Engineering Co., 
Inc., Media, Pa. (B) 
Chemical Development Corp., Danvers, 
Mass. (B) 


Chemical & Engineering Associates, 
Elkton, Md. (B) 


*Chemische Werke Hiils, A.G., Marl 
(Kreis Recklinghausen), West Cs 


many 
*CIBA Products Corp., Fair Lawn, ee 4; 
Colab Resin Corp., Tewksbury, Ment 


Commercial Resins Corp., St. Paul 2 


Minn, (D) 
Conap, Inc., Allegany, N. Y. (B) 
Connecticut Hard Rubber Co., New 
Haven 10, Conn. (E) 
Cook Paint & Varnish Co., Kansas City 
41, Mo. D 


Dennis Chemical Co., St. Louis 3, ‘3 


*Furane Plastics, Inc., 


*General Electric Co 


*Glidden Co., 


De Soto Chemical Coatings, Inc., Chi- 

cago 23, Ill. (D) 
Devcon Corp., Danvers, Mass. (B) 
Dow Corning Corp., Midland, mae. 


*Durez Plastics Div., Hooker Chemical 


Corp., N. Tonawanda, N.Y. (C, D) 


*Dynamit Nobel AG, —— 


West Germany 
Electronic Components Div., Telecom- 
puting Corp., Van Nuys, Calif. (B) 
Emerson & Cuming, Inc., Canton, 
Mass. (B, D) 


*Farbenfabriken-Bayer, A.G., Leverku- 


sen, West Germany (B, D, E) 
Flexcraft Industries, Newark, N. J. 
. B, C, D) 


*Flexible Products Co., Marietta, Ga. 
(B) 
*Food Machinery & Chemical Corp., 


Chemicals and Plastics Div., New 
York 17, N. Y. (B) 


*Freeman Chemical Corp., Div. of H. H. 


Robertson Co., Port Washington, bi 


Fuller, H. B., Co., St. Paul 2, Minn. (B) 
Los Angeles 39, 
Calif. (B) 
Chemical Mate- 
rials Dept., Pitteteld, Mass. ( 
General Mills, Inc., Kankakee, tl. (B 
a a P. D., Co., The, St. Louis 7 


The, Cleveland 14, Ohio 
(D) 


Hastings Plastics, Inc., Santa Monica, 


Calif. (B, C, D) 
*Hysol Corp., Olean, N. Y. (B) 
Interchemical Corp., Finishes Div., 
Newark 5, N. J. (D) 
oem Resins Corp., —— 3 


ona Dany Co., Louisville 8, Ky. (B) 


Kish Industries, Inc., Lansing 6, Mich. 
Lami-Plast Products Co., Tampa 3, Fla. 
(B, D) 

Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. (B) 
Lebec Chemical Corp., Paramount, 
Calif. (C) 
Leepoxy Plastics, New Haven, Ind. (B) 
Leon Chemical Industries, Inc., Grand 
Rapids, Mich. (B, D) 
Lithgow Corp., Los Angeles 65, bar 


Magnolia Plastics, Inc., Chamblee, 3 
B 

*Marblette Corp., The, Long Island City 
1,N. Y. (B) 


Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston, R. I. (B, D, E) 
Miller-Stephenson Chemical Co., Inc., 
S. Norwalk, Conn. (B, D) 
Mol Rez Div., American Petrochemical 
Corp., Minneapolis 18, Minn. (D) 


*Morningstar-Paisley, Inc., New Par. 
19, N. Y. A, C) 
*National Polychemicals, Inc., Wilming- 
ton, Mass. 6) 


* Naugatuck Chemical, Div. of United 
Statés Rubber Co., Naugatuck, Conn. 


(D) 
Ohio Adhesives Corp., New Philadel- 
phia, Ohio (B) 
Permacel, New Brunswick, N. J. (B) 
*Pittsburgh Plate Glass Co., Paint Div., 
Pittsburgh 22, Pa. (D) 
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*Plastic Engineering & Chemical Co., 
Fort Lauderdale, Fla. (D) 
Plastic Glass Corp., Newark, N. J. (A) 
Plastic Service Corp., New York 10, 
N. Y. (A, B, C, D) 
*Plastics Engineering Co., Sheboygan, 
Wis. (C) 


Polyrez Co., Inc., Woodbury, N. J. (C) 
Raybestos-Manhattan, Inc., Stratford, 
Conn. (B, C) 
*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. 
(B, C, E) 
*Reichhold Chemicals, Inc., White 
Plains, N. Y. (B, C, D) 
Ren Plastics, Inc., Lansing 9, Mich. (B) 
Resi-Chem, A Div. of Brown Co., 
Swanton, Ohio (D) 
*Rezolin, Inc., Santa Monica, Calif. (B) 
*Rohm & Haas Co., Philadelphia 5, Pa. 
(D) 
Sartomer Resins, Philadelphia, Pa. (A) 
Schenectady Varnish Co., Inc., Schen- 
ectady 1, N. Y. (C, D) 
Schori, Process Corp., Port Washington, 
N. Y. (D) 
Schramm Fiberglass Products, Inc., 
Chicago 18, Il. (B, D) 
*Shell Chemical Co., New York 20, N. Y. 
(B) 
Smooth-On Mfg. Co., Jersey City 4, 
N. J. (B) 
Steelcote Mfg. Co., St. Louis 3, Mo. (B) 
Swift & Co., Chicago 9, Ill. (B, C) 
Synco Resins, Inc., Bethel, Conn. (C) 
Synvar Corp., Wilmington 99, Del. (C) 
Tetrafluor, Inc., Inglewood 1, Calif. (B) 
Tylene Plastics, Inc., Michigan City 
Ind. (B) 


Union Carbide Corp., Silicones Div., 
New York 17, N. Y. (E) 
*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 
i a ie (B, C) 
*Union Carbide Plastics Co. Div. of 
Union Carbide Corp., New York 17, 

N, Y. (B, C) 
*United States Gypsum Co., Chicago 6, 
Ill. (B) 
Valite Div. of Valentine Sugars, Inc., 
New Orleans, La. (C) 
Whitehouse Plastics Corp., Fort Worth, 
Texas (D) 
Witte, John H., & Sons, Resin Div., 
Burlington, Iowa (B, C, D) 


LATICES 
(See Emulsions and Dispersions) 


MOLDING COMPOUNDS 


Acetal (See 
Polyoxymethylene) 
Acrylate and Methyl 
Methacrylate 
Acrylonitrile-Butadiene- 
Styrene 
. Acrylonitrile-Styrene 
.. Alkyd 
Cellulose Acetate 
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Cellulose Acetate Butyrate 
Cellulose Propionate 
Chlorinated Polyether 
Cold Molded 
Dially! Phthalate 
Epoxy 
Ethyl Cellulose 
Fluorocarbons 

(Halogenated Ethylenes) 
Furan 
Melamine 
Nylon 
Phenolic 
Polyacrylic Ester 
Polycarbonate 
Polyethylene, Low-Density 
Polyethylene, Med.-Density 
Polyethylene, High-Density 
Polyoxymethylene (Acetal) 
Polypropylene 
Reinforced (See p. 1097) 
Shellac 
Silicone 
Styrene and 

Styrene Copolymers 
Styrene Alloys 
Urea-Formaldehyde 
Vinyl Acetal 
Vinyl Acetate 
Vinyl Alcohol 
Vinyl Chloride 
Vinyl Chloride-Acetate 
Vinylidene Chloride 
JJ. Vinyl Formal 


ra) > 
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A.A.A. Plastic Co., New York 17, N. Y. 
(DD, EE, FF, GG, HH) 

Acco Polymers, Brooklyn 22, N. Y. 
(A, R) 
*Acme Resin Corp., Forest Park, Ill. (J) 


Air Reduction Chemical & Carbide Co., 
Colton Polymers Dept., A Div. of Air 
Reduction Co., Inc., New York 17, 
N. Y. (EE) 


Air Reduction Chemical & Carbide Co. 
Organic Chemicals Dept., A Div. of 
Air Reduction Co., Inc., New York 
17, N. Y. (EE, FF) 

Alcylite Plastics & Chemical Corp., 
Newhall, Calif. (Q) 

Alladin Plastics, Inc., Gardena, Calif. 

(C, U, V, AA) 

Allied Chemical Corp., Plastics Div., 
New York 6, N. Y. 

(D, J, M, oO, P, Q, » A y CC) 

*Alpha Chemical & Plastics Corp., New- 

ark 5, N. J. (T, U, V, GG) 

*American Cyanamid Co., Plastics and 
Resins Div., Wallingford, Conn. 

(O, CC) 

American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N. J. (B) 

*American Molding Powder & Chemical 
Corp., Brooklyn 6, N.Y.  (T, U, V) 

American Reinforced Plastics Co., Los 
Angeles 1, Calif. (Q) 

American Viscose Corp., Philadelphia 
8, Pa. (O, CC) 

American-Marietta Company, Adhesive, 
Resin & Chemical Div., Seattle 4, 
Wash. (K) 

Apex Tire & Rubber Co., Pawtucket, 
R. 1. (GG) 


EP al 


Roz 
F 


< 
88a 


Blum, Paul, Co., Buffalo 10, N. 
(A, E, F, L, T, V, 

Borden Co., The, New York 

17, N. Y. (EE, GG) 

Brand Plastics Co., Willow Springs, Ill, 

TAA 


Calresin Co., Div. of Knudsen 
ery, Los Angeles 39, Calif. Coat 
(J, K, O, 0) 
“Guy Chemicals, Inc., East Brunswi 
oui, tin 6 Reianiais: Mow 
. Oo ew Y 
16, N.Y. (C, P, TU V, AA, $B 
*Celanese Polymer Co., Div. of Celanese 
Corp. of America, Newark 2, N, J 


< 


*Chemische Werke Hiils, A.G., Mar 
(Kreis Recklinghausen), West Ger- 
many (C, V, AA, GG, HH) 

*Chemore Corp., New York, N. Y. 

(X, CC, GG, HH) 
Chemtron Fiber Glass Co., El Monte, 


Connecticut Hard Rubber Co., New 
Haven 10, Conn. 


*Cooke Color & Chemical Co., Hacketts- 
town, N. J. » Vy 
Cordo Chemical Corp., Norwalk, Con 


*Cosden Petroleum Corp., Big S 
Texas 


Custom Chemicals Co., Inc., E. Ruther 
ford, N. J. (GG) 
or Nitrate Co., Inc., New York 6 


a) 


*Davis, Joseph, Plastics Co., K ; 
N. J. (E t} 


Dayco Corp., The, Dayton, Ohio (D) 
Dennis Chemical Co., St. Louis 3, Mo. 
(K, GG, I) 
*Diamond Alkali Co., Cleveland 1 
Ohio (GG, 
*Dow Chemical Co., The, Midland, 


ich, 
(C, L, T, U, V, X, AA, BB, GG, I) 
Dow Coming Corp., Midland, <= 
*du Pont, E. 1, de Nemours & Co., Inc, 
Wilmington 98, Del. 
(A, E, M, P, T, V, W) 
*Durez Plastics Div., Hooker Chemical 
Corp., N. Tonawanda, N. Y. (J, Q) 
*Dynamit Nobel AG, Troisdorf/Kéla, 
West Germany 
(E, L, O, Q, AA, CC, GG, HH) 
Eastern Plastic Materials, Inc., Slater* 
ville, R. I. (A, E, L, T, U, V, X, AA) 
*Eastman Chemical Products, Inc, 
Plastics Div., Sub. of Eastman Kodak 
Co., Kingsport, Tenn. 
(E, F, G, T, U, V, X 
Ellay Rubber Co., Los Angeles 21, 
Calif. (GG) 
Emerson & Cuming, Inc., Canton, 
Mass. (K, AA) 


(For complete addresses, see Alphabetical Index, p. 1179) 
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jay Chemical Co., A Div. of Himmel 
wey & Refining Co., New York, N. Y 


d, Ltd., eae ngland 
ae bi ‘GE, T, "U,V, AA, GG) 
*Farbenf en-Bayer, Leverku- 
“om n, West Germany (B, E, F, P, 8, Z) 
#Farbwerke Hoechst A.G Sey, Meis- 
ter Lucius & Briinin ring), Frankfurt 
Main-Hoechst, West “ae 
(M, V, X, DD, EE, FF, G HH) 
*Fiberfil, Inc., Warsaw, Ind. 
(C, P, S, AA) 
Fiberite Corp., The, Winona, Minn. 
(k, O, Q) 
Firestone Plastics Co., Pottstown, Pa. 
"@, X, GG, HH) 
Flexcraft Industries, Newark, New Jer. 


sey 
*Flexible Products Co., Marietta, Ga. (K) 
Forest Plastics, Inc., .2 Hyde Park, 


N. Y. ‘E, F.T U, V, AA, GG) 
*Foster Grant Co., Inc., Leominster, 
Mass. (C, P, AA, BB) 


*Furane Plastics, Inc., Los Angeles 39, 
Calif » KR, 


*Carfield Mfg. Co., ——— N. 3} 


General Electric Co., Chemical Mate- 
rials Dept., Pittsfield, Massachusetts 
General Electric Co., Silicone Products 
Dept., Waterford, N. Y. (Z) 
*General Tire & Rubber Co., The, 
Chemical Div., Akron 9, Ohio (GG) 
%Gering Plastics, Div. of Studebaker- 
Packard Corp., Kenilworth, N. J. 
(A, C, E, F, CG, L, P, T, U, V, X, 
AA, BB, GG, HH) 
*Glaskyd, Inc., Perrysburg, Ohio (D) 
Goodrich, B. F., Chemical Co., Cleve- 
land 15, Ohio (B, GG, HH) 
*Goodrich-Gulf Chemicals, Inc., Cleve- 
land 14, Ohio (V) 
Gordon Chemicals, Inc., Wilmington, 
Del (CC) 


Great American Plastics Co., vais, 
Mass. ( 
Great Bay Chemicals & Plastics, Inc., 

Sub. of Cary Chemicals, Inc., New 
York 1, N. Y. (T, U, V) 
Halex Corp., Sub. of The Polymer 
Corp., Reading, Pa. (M, P) 
Hercules Powder Co., Inc., Wilmington 
99, Del. » Vs 
Heresite & Chemical Co., Manitowoc, 
Wis. (Q) 
High Point Chemical Co., Inc., Port 
Washington, N. Y. (P, X) 
*Hysol Corp., Olean, N. Y. (K) 
*Imperial Chemical Industries, Ltd. 
Millbank, London $.W. 1, England 
(A, M, P, T, X, CC, GG) 
International Textile Co., Chicago 39, 
Ill. ‘0, 


Isochem Resins Corp., Providence 9 
R. L. (K) 


Kish Industries, Inc., Lansing 6, Mie. 


Kleestron, Ltd., London, England (AA) 
Klenk Epoxy Corp., Div. of Hapman 
Corp., Detroit 15, Mich. (K) 
wipes Co., ine. Plastics Div., Pitts- 
burgh 19, P; (T, U, V, AA, BB) 
Lakeside Plastics Co., Inc., Oshkosh. 
Wis. (D, K, GG} 
Lavorazione Materie Plastiche, S.A.S. 
Torino, Italy (GG} 
Lawrence Adhesive & Chemical Co. 
Inc., Lawrence, Mass. (kK) 
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Lowe. Chemical Corp., vers 


igen Nitrogen Processing Corp., Mal- 
vern, Pa. (B, M) 
Macromol Corp., The, Matawan, N. J. 
B, C, AA, BB) 

Magnolia Plastics, Inc., Chamblee, 2 


*Marbon Chemical Div., {ene remner 
Corp., Washington, West veo) 
Mupest Plastics Co., Inc., Salem, 
(GG) 


aie Celluloide S. pA Castig- 
lione Olona (Varese), I (E, AA) 


Melamine Plastics, Inc., Winsia. Mio) 


*Mesa Plastics Co., Los Angeles 25, 
Calif. ‘koa 
Metachem Resins Corp., Mereco Prod- 
ucts Division, Cranston 10, Rhode 


Island (K) 
Miller-Stephenson Chemical Co., Inc. 
S. Norwalk, Conn. (K) 
Minnesota Mining & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. (M) 
*Mitsubishi Rayon Co., Ltd., Tokyo, 
Japan (A, AA) 


*Mobay Chemical Co., Pittsburgh 5, iS 

} 

*Monsanto Chemical Co., Plastics Div., 
Springfield 2, no 

, U, AA, BB, GG) 

Moore Chemical py Inc., San Fran- 

cisco 10, Calif. (GG) 


aes A H., & Co., Inc., New York 
(A. ee ee me ae A oe ae ae 
AA, GG) 


Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio 


(GG, HH) 
*Naugatuck Chemical, Div. of United 


States Rubber Co., Naugatuck, Conn. 


, C, AA, GG, HH) 


New England Tape Co., Hudson, van. 


GG) 
*Nypel Corp., W. Conshohocken, Fons. 


sylvania 


O'Sullivan Rubber Corp., Winchester, 


Va. (B, GG, HH) 
*Pasley’s Plastic Products, Inc., Atlanta 
18, Ga. (GG) 


Peerless Chemical Corp., vegaed, 
: E 


N. Y 


Pelmor Laboratories, Inc., Newtown, 


Pa. (B, C, M, Z) 
om Chemicals Corp., a 
2, 


mice Industrial Chemical Comp 


irton, Pa 


— Chemical Co., Bartlesville, 


(T, U, V) 
Pittsburgh Plate Glass Co., Chemical 
Div., Pittsburgh 22, Pa. (S) 


Plastic Materials, Inc., Hicksville, N. Y. 

(E, L, T, U, V, X, AA) 

*Plastic Molders Supply Co., Inc., Fan- 
wood, N. J 


> «Je ? > 


Plastic Molding Powders, Inc., Kearny, 
N. J. (E) 


Plastics Corp. of America, es 


Conn, 


*Plastics Engineering Co., Sheboyem., 


Wis. 


Plastronic Engineering Co., —- 


ough, Mass. 


Poly-Cell Plastics Co., Smithtown, N. ns 


ate gm Corp., 


oy Chemical Co., Quet.e 
The, Molding eer 
Reading, P ‘a. 


Pelpnoeting Enterprises, Inc., Tul, 


*Polypenco, Incorporated, Reading, 


ennsylvania 
Premier Thermo Plastics Co., Jefferson- 
town, Ky. GG, HH) 
Quelcor, Incorporated, Chester, Penn- 
sylvania (GG) 


ay ~agemaremees Inc., Stratford, 
(K, Q) 


saybstow Masham, Inc., potetaees 


lastics Dept., Manheim, os 
K, Q, Z) 
Lansing : Mich. 


( 
Resin Systems Div., Fenwal, Inc., Ash- 
(K) 


Ren Plastics, Inc., 


d, Mass. 
Resisto Chemical, Inc., Wilmington 99, 
Del. (K, P, Q, Z) 


*Rexall Chemical Co., — N. 


J. 

» V, AA) 

Reynolds Chemical Products Co., Whit- 

more Lake, Mich. (GG, HH, I) 
Rogers Corp., Rogers, Conn. 


(J) 
*Rohm & Haas Co., Philadelphia 5, iY 
whene Corp. of America, henge 


G, HH) 

Salem Plastic Cones Inc., Salem, 
Mass. (T, U V, GG, HH) 
Sartomer Resins, Inc., Philedelhia 4, 
Pa. (A, C, R) 
Schramm Fiberglass Products, Inc., Chi- 
cago 18, Ill. (K) 
Shawinigan Resins Corp., Springfield 
1,Mass. (DD, EE, FF, GG, HH, JJ) 
Shell Chemical Co., Ltd., London W.1, 
England (C, "T. V, X, AA) 
a Mfg. Co., Jersey City Ps 


*Solar Chemical Corp., Leominster, 
Mass. (C, AA, BB) 
*Solvay & Cie, Direction des Matieres 
Plastiques, Brussels 5, sooum 
, GG, HH) 
*Spencer Chemical Co., Rae, City 5, 
Mo. (P, T, U, X) 
*Standard Insulation Co., Inc. E. 
Rutherford, N. J. (j, K, 0, Z) 
Supplex Co., Div. of Amerace Cu 
Garwood, N. J. (T, U, V, GG, ) 
Swift & Co., Chicago 9, Ill. (GG) 
Swift & Company, Hammond, Indiana 
(GG, HH) 
orien Plastics, Inc., ie ow 3. 
a. 4 
Synthetic Plastics, Newark, N. J. (CC) 
Synvar Corp., Wilmington 99, Dela- 
ware (Q) 
Tetrafluor, Inc., Inglewood 1, Calif. 
M, P, X) 
Union Carbide Come Silicones Div., 
New York 17, N (Z) 
*Union Carbide ‘ot Co., Div. 


¢ 3 Carbide Corp., New York 
"GC QT, U, V, AA, GG, HH) 
*Union Carbide Plastics Co., Div. of 
Union Carbide Corp., New York 17, 

Y. (C, Q, T, U, V, AA, GG, HH) 

*U. S. Industrial Chemicals Co., Div. of 
National pate s & Chemical Com: 
New York 16, N j 

U. S. Polymeric acetate im, Stam- 
ford, Conn. GK Q, Z) 
Valite Div. of Valentine Sugars, Inc. 
New Orleans, La. (Q} 
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*Vinyl Corp. of America, Deer St 
*Vogt Mfg. Corp., Rochester . NS 
Western Plastic & Rubber a Rich- 
mond, Calif. (T, U, V, GG) 
Witte, John H., & Sons, Resin Div 
Burlington, lowa (D, K, Q) 
— George, Co., Inc., New York 
4 4 C, P, T. U, V, GG, HH) 
akan Products, Inc., Huntingdon 
Valley, Pa 
Worbla, Ltd., Papiermuhle-Bern, Swit- 
zerland 
(C, E, L, O, T, U, V, AA, GG, HH) 
Yates Co., Erie, Pa. (GG) 


ORGANOSOLS AND PLASTISOLS 


A. Nylon-Based 
B. Vinyl-Based Organosols 
C. Vinyl-Based Plastisols 


A.A.A. Plastic Co., New York 17, N. Y. 
(B, C) 


Adcote Chemicals Inc., Elk Grove, Il. 
(A, B, C) 
New York 60 
(A, B, C) 
American Lacquer Solvents Co. 
Phoenixville, Pa. (B, CG 
Armitage, John L., & Co., Newark, 
N, J. (B, C) 
Atlas Coatings Corp., Long Island City 
1, N. Y. (B, C) 
*Axel Plastics Research Laboratories, 
Long Island City 1, N. Y. (A, B, C) 


Bradley & Vrooman Co., Chicago 16, 
til. (B, C) 


Adhesive Products Corp., 
N. Y. 


Calresin Co., Div. of Knudsen Cream- 
ery, Los Angeles 39, Calif (B, C) 


Carroll Products, Inc., Farmingdale, 
N. Y. (B) 


Chemical & Engineering Associates, 
Elkton, Md. (B, C) 
*Chemical Products Corp., E. Providence 
14, R. L (B, C) 
*Chemische Werke Hiils, A.G., 
(Kreis Recklinghausen), 
many 
Clinton Company, The, Chicago 22, 
Illinois (B, C) 
Cordo Chemical Corp., Norwalk, Conn. 
(B, C) 
Custom Chemicals Co., Inc., E. Ruth- 
erford, N. J. (B, C) 
Dennis Chemical Co., St. Louis 3, Mo. 
(B, C) 


Marl 
West Ger- 
(C) 


Deaw & Almy Chemical Co. Div., 
. R. Grace & Co., Cambridge 40, 
Mase (B, Cc} 
Electro-Technical Products Div., Sun 
Chemical Corp., Nutley, N. J. (B) 
Emerson & Cuming, Inc., Canton, 
Mass. (C) 
Flexabar Corporation, Northvale, New 
Jersey (B, C) 
Flexcraft Industries, Newark, N. J. 
(B, C) 
Marietta, Ga. 
B, C) 
Los Angeles 39, 


*Flexible Products Co., 


*Furane Plastics, Inc., 
Calif. » 
Geneve Mfg. Corp., Trenton, New Jer- 
sey (C) 
*Glidden Co., The, Cleveland 14, Ohio 
(B, C) 
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1076 


Goodri B. F., Industrial Products 
Co., Akron 18, Ohio (B, a 
Gordon-Lacey Chemical Products Co 
Inc., Maspeth 78, N. Y. (B, C) 
*Hysol Corp., Olean, N. Y. (C) 
wR Sales Engineers, New York 
,N.Y (B, C) 
Riemectes Corp., Finishes Div. 
Newark 5, N. J. (B, C} 
Isochem Resins Corp., Providence 9, 
R. I, (C) 
Jamestown Finishes, Inc., Jamestown 
N. Y. (B, C) 


L & P Tool Co., Cincinnati 25, %% 


Lakeside Plastics Co., Inc., Oshkosh, 
Wis. (B, C) 
Magic Chemical Co., Brockton, Mass. 
(B, C) 

Marbek, Inc., Brooklyn 22, N. Y. (C) 
Metachem Resins Corp., Mereco Prod- 
ucts Division, Cranston 10, Rhode 
Island (C) 
*Metal & Thermit Corp., — Ww. 


Michigan Chrome & Chemical Co., De- 
troit 13, Mich. (B, C) 
Micron Chemical Products Corp. 
Brooklyn 31, N. Y. (B, C) 
Midland Adhesive & Chemical Corp. 
Ferndale 20, Mich. (B, CG} 
a ee Paisley, Inc., New York 19, 
N. (B, C} 
B20 Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio (B, C) 
*Naugatuck Chemical, Div. of United 
States Rubber Co., Naugatuck, on 
New England Tape Co., Hudson, Mass. 
(B, C) 
Ohio Sealer & Chemical Corp., Dayton 
39, Ohio (C) 
Pemsioid Chemical Co., eaeen! x. 
) 
Pasi’ s Plastic Products, Inc., Atlanta 
18, Ga. (B, C) 
*Plastic Engineering & Chemical Co., 
Fort Lauderdale, Fla. 
Poly Resins, Sun Valley, California 


Polykote, Inc., Cleveland 3, Ohio (B, C) 
Polymer Chemical Co., Cincinnati 12, 
Ohio Cc 
Protective Treatments, Inc., Dayton 3, 
Ohio (B, C) 
Fysenyiie Products, Inc., Choos, % 
outta Inc., Chester, Pa. "(C) 
Raybestes-Manhetten, Inc., Stratford, 
Conn. (C) 
Ren Plastics, Inc., Lansing 9, Mich. (B) 
Reynolds Chemical Products Co., Whit- 
more Lake, Mich. . 
ec -| Corp. of America, Hicksville, 
aaa Mfg. Co., Akron 8, Ohio (C) 
Sherwin-Williams Co., The, Pigment, 
Color & Chemical Div., ‘New York 
16, N. Y. (B, C) 
Standard Toch _mamnlcale Co., Staten 
Island 3, N. (B) 
Stanley A Dae Co., The, East Berlin, 
Conn. (B, C 
Stoner-Mudge Co., 


Pittsburgh 33, Pa. 
(B, C) 

New York 16, 
(B, C) 
Chicago 22, Il. 
(B, C) 


Suffolk Associates, Inc., 
*Sullivan Varnish Co., 


Sun Steel Co., Chicago 36, IIl. (C) 
Swift & Co., Hammond, Ind. (B, C) 


sachusetts 


*Union Carbide Plastics Co., Diy, 
oe Carbide Corp., New York , 


Technicraft Company, Boston 34, Mas- 
_ 


*U. S. Stoneware Co., The, T 
Ohio 


C) 
*Vinyl Corp., of America, Dayton, Ohio 
Vorac Co., The, Rutherford, N. J. 


(B, C) 
wWanee- -Standard Co., a . 


Weste Coa! » Ro 
ae Oe nt 


PHOTOELASTIC PLASTICS 


Catalin Corp. of America, New York 
16, N. Y. 
*Hysol Corp., Olean, N. Y. 
Pittsburgh Plate Glass Co., Chemical 
Div., Pittsburgh 22, Pa. 


RESIN SOLUTIONS 


(See Coatings, Emulsions, 
Latices, Varnishes} 


RESINS 


Acetal (See 
Polyoxymethylene) 

Acrylic (Including 
Copolymers) 

Alkyd 

Allyl 

Aniline-Formaldehyde 

Cast Phenolic 

Chlorinated Polyether 

Coumarone-Indene 

Diallyl Phthalate 

Epoxy 

Filuorocarbons 

Furan 

Hydrocarbon (Petroleum) 

Hydrocarbon (Terpene) 

lon Exchange 

Isocyanates, Polyurethane 

Lignin Derivatives 

Melamine 

Nylon (Polyamide) 

Oil Soluble 

Phenolic 

Polycarbonate 

Polyester 

Polyethylene, Low-Density 

Polyethylene, 
Med.-Density 

Polyethylene, 
High-Density 

Polyoxymethylene (Acetal) 

Polypropylene 

Resorcinol-Aldehyde 

Rosin 

Silicone 

Sodium Carboxymethyl 

Styrene (Including 
Derivatives and 
Copolymers) 

Urea-Formaldehyde 


<x «S=<SnwpOw~OZErxzr--~TOmmONw > 


(For complete addresses, see Alphabetical Index, p. 1179) 
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HH. Varnish and Lacquer 
Making 
ll. Vinyl Acetate 
JJ. Vinyl Alcohol 
KK. Vinyl Butyral 
LL. Vinyl Chloride 
MM. Vinyl Chloride-Acetate 
NN. Vinyl Chloride- 
Vinylidene. Chloride 
OO. Vinyl Formal 
PP. Vinylidene Chloride 
(Saran) 
QQ. Water Soluble 
RR. Acrylonitrile-Butadiene- 
Styrene 


Acco Polymers, Brooklyn 22, N. Y. (A) 
*Acme Resin Corp., Forest Park, Ill. 


(T, QO) 
Air Reduction Chemical & Carbi 
Co., Colton Polymers Dept., A Div. 
of Air Reduction Co., Inc., New w 
ee a 
Air Reduction Chemical & Carbide Co 
Organic Chemicals Dept., A Div. of 
| | eee Co., Inc., New OW) 
Prt Mtastice & Chemical oY 
Newhall, Calif. ( 
Allied Chemical Co ews on 
New York 6, N. Y. {B, G, J, O, Q, 
New York 6 NY oD FF 'Gd, fat 


demationn Alkyd o ek Carlstadt, 
N. J. GG, HH} 
Americ: an Cyanamid Co., Vatio an 
Resins Div., Wallingford, Conn. 
(B, Q, V, GG, 92) 
American Reinforced Plastics Co., 
Angeles 1, Calif. (I, T, V) 
American Resin Corp., Chicago 13, IIL. 


American-Marietta Co., Adhesive, Res- 
in & Chemical Div., Seattle 4, Wash. 

B, O, T, BB, GG) 

— Chemicals Corp., Chicago 1 


kAntara Chemicals, A Div. of Gene 
Aniline & Film Corp., New York 


14, N. Y. 
Archer-Daniels-Midland Ss 
apolis 40, Minn. (A, B, I, S, T, V 


Armstrong Products Co., Warsaw, 99) 


*Asfalti Bitumi Cementi e Derivati, 
Rome, Italy (W) 
Atlas Chemical Industries, Inc., Wil- 
mington 99, Del. (V) 


*AviSun Corporation, Marcus Hook, 
Pennsylvania (AA) 
BLP. Chemicals, Ltd., Birmingham, 
England (O, V, GG) 


* Badische Anilin- & Soda-Fabrik AG, 
Te eee mk West Germany 
(A, B, I, R, V, W, X, Y, FF, CC 

"HH, LL,"MM, QO} 

Baker Castor Oil Co., The, Bayonne, 

N. J. (O 


Baker, J. T., Chemical Co., Phillips- 
burg, N. J. (A, F 


*Belding Corticelli Industries, New 
York 18, Y. (R) 
Borden haa al Co., The, New York 
17, N. Y (A, L T, BB, GG, II, 
JJ, LL, OO) 

Brand Plastics Co., Willow Springs, Ill. 
(FF) 


British Oxygen Chemicals, Ltd., St. 
James’s, S.W.1, England 
(Melamine Crystal) 


& Indicates Advertiser 
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British Resin Products, Ltd., London 
W.1, England (B, . a Ss. Ve 
ll, OQ) 
California Chemical Co ‘emai Div., 
San Francisco 20, Co q 
Calresin Co., Div. of Knudsen * lal 
ery, Los Angeles 39, Calif. (L, 
T. V, FF, GG, HH, LL, MM, PP) 
Cambridge Industries Co., Cambridge 
42, Mass. (B, V) 
Carwin Co., The, North Haven, Com. 
- ¢ peeps Inc., East Brunswick, 


(LL, MM) 

oni Corp. of America, New York 

16,N. Y. (A, Q, T, BB, GG, QQ) 

Celanese Chemicals Co., Div. of Cela- 

nese — of America, New York 

16, N. Y (ID 

ata omy Polymer Co., Div. of Celanese 

Corp. of America, "Newark 2, N. J. 

(Vv, Ww, x, ¥) 

= Chemical Corp., es A 
a. 

Chemical Coatings & Engineering Co., 
Inc., Media, Pa. . 
Chemical Development Corp., Dan- 

vers, Mass. (A, I) 

*Chemische Werke Hiils, A.G., Marl 

(Kreis Recklinghausen), West Ger- 

many (V, Y, FF, HH, LL, MM) 
*Chemore Corp., New York, N. Y. 

(AA, GG, LL, MM) 

*CIBA Products Corp., Fair Lawn, N. I. 


Colab Resin Corp., Tewksbury, Mass. 


(T, GG) 

Commercial Resins Corp., St. Paul 2, 
Minn. (B, V) 
Connecticut Hard Rubber Co., Say 
Haven 10, Conn (DD) 


Cook Paint & Varnish Co., Kansas City 
41, Mo. (A, B, QO, T, V, GG, OQ) 
*Cosden Petroleum Corp., Big Spring, 
Texas. (FF) 
Crownoil Chemical A Inc., Lon 
Island City 1, N. (By) 


*Davies Nitrate Co., a New oA 6, 
N. Y. i) 


Dayco Corp., The, Dayton, Ohio 
(B, O, V) 

De Soto Chemical Coatings, Inc., Chi- 
cago 23, Ill (A, B, V, HH, II) 
Devcon Corp., Danvers, Maseachaet 
Dewey & Almy Chemical Co. Div., 
W. R. Grace & Co., Cambridge 40, 


Mass. (FF) 

*Diamond Alkali Co., Clevelard 14, 

Ohio (LL, MM) 

*Dow Chemical Co., The, Midland, 

Mich. (A, I, Ww, X, 5 4 FF, 

LL, NN, PP) 

Dow Corning Corp., Midland, Mich. 

(DD) 

*du wont, E. L, de Nemours & Co., 
Wilmington 98, 1. 


De 

(A J, 0. B , W, Y, Z, I, JJ, KK) 
*Durez Plastics Div., Hooker Chemical 

Corp., North Tonawanda, N. Y. 
(D, K, S, T, V, HH, QO) 
a ng Nobel AG, Troisdorf/KélIn 
West Germany (E, Q, T, GG} 
*Eastman Chemical Seaiuste, Inc., 
Chemical Div., Sub. of Eastman 
Kodak Co., Kingsport, Tenn. (HH) 
*Eastman Chemical Products, Inc., 
Plastics Div., Sub. of Eastman Kodak 

Co., Kingsport, Tenn. 

(V, W, X, Y, AA) 


Electronic Components Div., Telecom- 
puting Corp., Van Nuys, a 


Ol yg ar Co., A Div. of Humble 
efining Co., New York 19 

(AA, HH) 

B.. a Corporation, S, El M ti 
California ai 


*Escambia Chemical Corp., Ni York 
16, N. Y. sak (LL) 


*F a — A. G., Leverku- 
n, West German 
(B, I, N, O, &, U, Y, DD, FF) 
*Farbwerke Hoechst AG. (vormals 
Meister Lucius & Briining), Frank- 
furt/Main-Hoechst, West Germany 
Gj, ¥, AA, Il, JJ, KK, LL, MM. OO) 
Firestone Plastics Co., Pottstown, Pa. 
(, R, AA, HH, Il, LL, MM) 
*Food Machinery & Chemical Corp., 
Chemicals & Plastics Div., New 
York 17, N. ee (Cc, H, I 
*Frank, J. P. emical & Plastic Comp, 
New York 1) N.Y. (LL, MM} 
*Furane Plastics, Inc., Los An ry rs 
Calif, { 


*General Electric Co., Chemical =~ 
rials Dept., Pittsfield, Massachusetts 


(T, U) 
General Electric Co., Silicome Products 
Dept., Waterford, N. Y. (DD) 


General Mills, Inc., Kankakee, ca 


*General Tire & Rubber Co., 
Chemical Div., Akron 9, Ohio a} 
Glasflex, Inc., Stirling, N. J. (A) 
*Glidden Co., The, Cleveland 14, Ohio 
ogy O, Q, S, T, V, CC) 
Goodrich, B Chemical Co., Cleve- 
land 15, ratty 
(O, FF, LL, MM, NN, QO, RR) 
*Goodrich-Gulf Chemicals, Inc., Cleve- 
land 14, Ohio (Y) 
*Goodyear Tire & Rubber Co., Chemi- 
cal Div., Akron 16, Ohio (V, FF, LL) 
*Grace, W. R., & Co., Polymer Chemi- 
cals Div., Clifton, N. J. (W, X, Y, FF) 
Great American Plastics Co., Fitch- 
burg, Mass. (LL) 
Halex Corp., Sub. of The Polymer 
Corp., Reading, Pa. »R 
*Harwick Standard Couent Co., Akron 
5, Ohio (GC, L, M, S, CC, DD) 
ww 4 Plastics, wed Santa Monica, 
Calif. , I, O, V, LL) 
nes Industries, Inc., Wilmington 8, 
De . ( . 
Hercules Powder Co., Inc., Wilmington 
99, Del. (B, F, Y, AA, CC, 
Heresite & Chemical Co., Manitowoc, 
Wis. (T) 


Hexcel Products, Inc., A Plastics 
Div., El Segundo, : (O) 
*Hysol Corp., Olean, N. Y. (I) 


*Imperial Chemical Industries, Ltd. 
Millbank, London, $.W.1, England 
(A, B, J, 0, B, 8, T, VX, GG H 

Il, MM, RR 

Innes, O. G., Corp., New York 1 N. A 


Interchemical aa Finishes Div., 
N. J. 


Newark 5 
aS Shesins Corp., Providence 9, 
R. (I, O, V) 


ah, Sienufecturion Co., ee 


Connecticut 
*Jones-Dabney = Louisville Ky. 
5 Ey, See ob, II) 
Kenrich OE ae Inc., Maspeth 

7a we Bs (L) 
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Knoedler Chemical Co., Lancaster, Pa. 


Koppers Co., 
stuffs Div., 


Resin Div., 


bec 
Calif. ( 
Macromol Corp., The, Matawan, N. 
*Marblette Corp., The, Long Island 
City 1, N. Y. (E, I, O, T) 
*Marbon Chemical Div., le 
Corp., Washington, W. Va. 
McCloskey Varnish Co., ‘Phlaephin 
36, Pa. 
*Mesa Plastics Co., Los Angeles 25, 
Calif. (C) 
Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. L 
(I, O, V) 
& Mfg. Co., Chemi- 
_ 6, 


inn. 
oe a T, QO) 
Minnepete Mints & bile. C iyi: 
(HH) 


Minnesota Minin 
cal Div., St. 


ton Div., St. Paul 6, 
*Mitsubishi Rayon Co., Lad. ae 
Japan ‘4 (A, 

*Mitsui & Co., Ltd., Tokyo, Ja 
MDD hy, LL) 
*Mobay Chemical Co., Fuabeuh 5, Pa. 
(O, U, V) 


Mchewh Industelen, Inc. Geese, 0. J 
(HH) 


Mol Rez Div., American Petrochemical 
Corporation, Minneapolis 18, Minne- 
sota oO, 

*Monsanto gee Co., Plastics Div., 

Springfield 2, 
(QO, T, W, x “TF, LL, MM, RR) 

*Muehlstein, H., & Co., Inc., New York 

17, N. y. 
(A, R, W, X, Y, FF, LL, MM) 
Nalco Chemical Co., Chicago 48, x 


*National Polychemicals, Inc., Wilming- 
ton, Mass 
(P, QO, S, T, BB, GG, II, OQ) 
*Naugatuck Chemical, Div. of United 
States Rubber Co., Nau tuck, Conn. 
(B, O, V , LL, MM) 
Neville Chemical Co., ‘Pittsburgh p, © 
O.. Industries Div., ma, New- 
pert Chemical Corp., "New York 17, 
ee (CC) 
ANtepes Chemical Co., Plastics Div., N. 
lington, N. J. (O, V) 
om Chemical Corp., Jersey City 2 
N. J. (A, DD, GG) 


Osborn, C. J., Co., Linden, New Jersey 
Pantasote Co., The, Passaic, New a 54 


*Pasley’s Plastic Products, Inc., Atlanta 
8, Ga. (HH, LL) 
Pennsylvania Industrial Chemical 
Corp., Clairton, Pa. (G, L, M) 


Permacel, New Brunswick, New Jersey 


% Indicates Advertiser 
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a Okla. ps 
~ Plate sa Co., ® 
v., 
a ~ E rin 
~ pees ~ 
*Plactie Molders Booaky Co., Inc., A) 
wties by Che 
Plastics by pman, Richmond, 
ee Engineering Co., Sheboy 
Boy i -* Sun V: , Calif. A 


a a 
Polymer _— ae Pa, The oF Reading 


#Polypenco, Inc., Reading, 5 Pa. 
F, J, Lg FF) 


Pol Co., Inc., Weed 
olyrez bury, N a tp) 
Raybestos-Manhattan, Inc., Stra’ 


nn. 
*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., M im, Pa. 
(A, I, T, DD) 


*Reichhold Chemicals, Inc., White 
7% os (A,B, E, 1 0, QS. 
T, V, BB, CC, GG, HH, I, OQ) 
Resi-Chem, A Div. of Brown Co., 
Swanton, Ohio (V, GG) 
*Rexall Chemical Co., Paramus, 4", 
(W, X, Y. ) 


*Rohm & Haas Co, Padi 5, Pa. 

(A, B, N, Q, S, , BB, GG, 

" HH, QQ) 

*Rubber Corp. of America, Hicksville, 

N. Y. (LL, MM} 

Sartomer Resins, Inc., Philadelphia x 
Pa, ( 


Senetaly La a Co., Inc., Sche- 
aostegy ‘ 
(B, I, MS o T, V, HH, UJ, KK) 
Shanco Plastics . Chemicals, Inc. 
Tonawanda, N. (S, T, V, FF) 
Shawinigan —dehos aE Spcngiela ats 
Mass. (II, JJ, KK. MM 00} 
“ae Ghemntoal Co., New to 
Pe Chenies Co., Ll, London 
W.1, England a, Ww Y, AA, FF) 
Sherwin-Williams Co The, Pigment, 
Color & Chamnical "Div. .. New York 
16, N. (B, HH) 
*Solar oie Corp., Leominster, 
Mass. (FF) 
*Solvay & Cie, Direction des Matieres 
Plastiques, Brussels 5, Belgium 
(Y, LL, MM, PP) 
*Spencer Chemical Co., 7 al 5 
Mo. (R, W, X, AA} 
Steelcote Mfg. Co., St. Louis, Ton (HH) 
Stein, Hall & Co., Inc., New York 17, 
a Xo (A, II 


(W, X, 


(A) 


ve Associates, Inc., New York 16, 
FR doe Varnish Co., Gone 22, 


HH) 
Swift & Co., Hammond, Ind. 

(I, LL, MM, QQ) 

Bethel, Conn. 
(S, T, HH, 1) 
Synvar Corp., Wilmington 99, Del. 
(T, GG) 
Texas Butadiene — Chemical Co 


Synco Resins, Inc., 


New York 17, N. 
Ls om A Dad Co. Pewtaa's 
Ticonderoga Chemical Corp., Leom- 

inster, Mass. (FF) 
Union Carbide Chemicals Co., Div. of 

Daten Carbide Corp., New eee 17 


QQ) 


Union Carbide Corp 
New York 17, N. ay. 5 
Carbide 


nr as 
17, N.Y. W, 
i, ke 


aie ~ Cotte, Figstion Plastics Co., 

er a New 

Ye Be (dl, T, YF 
"Usted States Coguall’ Co., 


*U. i. Industrial Chemicals Co., 
National pee & & Chemical 
New York 16, . 
Valchem, Reanthe Div. of 


a & Mfrs., Inc., New York 
vere Div. of Veleatine Sugars, | 


Velsieel Genel Corp., 7 
ill GL 
Whitehouse Plastics Corp., et Wi 
Texas 
Carbon 


Wilson Petrolcoke & 
New York 36, N. Y. 
*Witco Chemical Co., Inc., New York 
17, N.Y (v) 
Witte, ie H., & Sons, Resin Diy 
Burlington, hy (B, I, O, T, V, pac 
a Goshen, Co., ine o York 
N.Y (W, X, Y, FF, LL) 
Ww ndotte Chemicals Corp. WwW 
yd Mich. 0) 
Xylos Rubber Co., Akron 1, Ohio (FF) 


RESIN-FABRIC BOARDS 
AND BLANKS 
(For Molding or Laminating) 


Acro Chemical Products Corp., Long 
Valley, N. J. 
Cordo Chemical Corporation, Norwalk, 
Connecticut 
International Shoe Machine Corp., Bos 
ton 35, Mass. 
Polyplastex United, Inc., Union, New 
Jersey 
*Raybestos-Manhattan, Inc., Reinforced 
lastics Department, Manheim, Penn 
sylvania 


Weyerhaeuser Co., Silvatek Div., Ta- 
coma 1, Wash. 


SHELLAC 
Clinton Company, The, Chicago 22, 
Illinois 


#Krieger Color & Segue Co., Inc. 
Hollywood 38, 
Tineoee, Wien, & Co., Inc., New York 


VARNISHES, INSULATING 


Adhesive Products Corp., New York 
60, N. Y. 

Barrett Varnish Company, Cicero 50, 
Illinois 


Dennis Chemical Co., St. Louis 3, Mo. 
De Soto Chemical Coatings, Inc., Chi 
cago 23, Ill. 
Dow Corning Corp., Midland, Mich. 
*du Pont, E. 1, de Nemours & Co, 
Inc., Wilmington 98, Del. 
Epoxylite Corp., S. El Monte, Calif. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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— ~" & 


*Furane Plastics, Inc., Los Angeles 39, 


General Electric Co., Signe Products 
Dept. Waterford, 

*Glidden Co., The, Cleveland 14, Ohio 

neacate & Chemical Co., Manitowoc, 

is 

*Hysol Corp., Olean, N. Y. 

*Imperial Chemical Industries, Ltd., 
Millbank, London S.W.1, England 

Interchemical Corp. Finishes Div., 
Newark 5, N. J. 


<7 Plastics Co., Inc., Oshkosh, 


RESINS, MOLDING COMPOUNDS, AND OTHER BASIC MATERIALS 


Magic Chemical Company, Brockton, 
chusetts 


Massa: 
aie eo The, Long Island 


City 1 
Metachem Resins Corp., Mereco Prod- 
ucts Division, Cranston 10, Rhode 


Minnesota Mining & Mfg. Co., Irving- 
ton Div., St. Paul 6, Minn. 
Monroe Sander Corp., The, Long 


Island City 1, N. Y. 
*National Polychemicals, Inc., Wilming- 


Faeteedag Matupiiens, eo, Teles 
‘o one Tp » “7 ’ 
kla. 


Research Sales, Incorporated, Suffern, 
New York 

Schasety a Co., Inc., Sche- 
nectady 1, 4 

Besccrg Bak Co., The, Pigment, 
~~ . Chemical Div., New York 


Standard Toch Chemicals Co., Staten 

Island 8, N. Y. 

Stoner-Mudge Co., Pittsburgh 33, Penn- 
sylvania 

Union Carbide 


.» Silicones Div., 
New York 17, N. Y. 





and 





Foamed Plastics 
Foaming Agents 








FOAMED PLASTICS 
(Expanded, Cellular} 


Cellulosic 

Epoxy 

Expandable Styrene (Beads) 

Expandable Styrene Products 
(Extruded) 

Expandable Styrene Products 
(Molded) 

Expanded Styrene (e.g. Styro- 
foam) Boards, Planks, etc. 

Fabricated Products Made From 
Expanded Styrene 

Phenolic 

Polyester (Unsaturated) 

Polyethylene 

Polyurethane (Polyester) 
Raw Materials 

Polyurethane (Polyether) 

Polyurethane Molded or 
Fabricated Products 

Polyurethane Slab Stock 

Rubbers 

Silicone 

Urea 

Vinyl 


7” 


2PO~OZ Fer ALEX O 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. «, L) 
Air Reduction Chemical & Carbide Co., 
Colton Polymers Devt. A Div. of Air 
Reduction Co., , New York io 
Aira Specialties Co., Inc., » a 
L 

B.S teat Corp., Union Cw) N. VS 
(G, L, ) 

*Allied Chemical Com. wet | Div. 
New York 6, N. (H, I , O 
American Cellular aii Inc., New 
Castle, Del. (M) 
American Latex Products, Corp., Haw- 
___thome, Calif. (K, L) 


t te Indicates Advertiser 


Acnesionn Rubber & Plastics Ga, le 


rte, Ind. ao 
Applied Research & Development 
poration, Chippewa Falls, Wisconsin 


Applied Resins Corp., N. calawe 


Archer-Daniels-Midland Co., Minne- 
apolis 40, Minn. (I, K, L 
_ Safety Bag Company, New Yor 


Arkon Products, Inc., Paterson 1, ar 


Armstrong Cork Company, Lancaster 
Pennsylvania 
Armstrong Products Co., Warsaw, Ind. 


B 
Annee Plastics Corp., Cumberland, 


(M) 

Atles “Chemical Industries, Inc., Wil- 
mington 99, Del. (L) 
a a "Products Co., eens | 


*Axel Plastics Research Laboratories, 
Long Island City 1, N. Y. (B, K, L, R) 

B. B. Chemical Co., Cambridge 39, 
Mass. (K, L) 
*Badische Anilin- & Soda-Fabrik AG, 
Lasiwig-hefen/Rhine, West Germany 
aoe Castor Oil Co., The, Bayonne, 


eeengeane Rubber Co., Abeon 
Bolta Products Div., The General ieee 
& Rubber Co., Lawrence, Mass. (R) 
Bostrom Corporation, Milwaukee 4 
Wisconsin (L) 
Burkart, F., Mfg. Co., St. Louis A Mo. 
(K, L, M, N) 

Burnett, Wm. T., & Co., Inc., Baltimore 
80, Md. (K, L) 
Caribbean Products Corp., Hialeah, Fla, 


Carolina Industrial Plastics Div., Essex 
Wire Corp., Mt. Airy, N. C. (M, N, R) 
Carwin Co., The, North Haven, ore. 
Chase Chemical Corp, Pittsburgh 1, 
Chemical Coatings & Engineerin Co., 
Inc., Media, Pa. {K L) 


& Engineering Associates, 
Elkton, Md. (K, L, . 
*Chemical Products Corp., E. Providence 
14, RK. 1 (R 
i Werke Hiils, A.C. M 
— Recklinghausen), West om) 


Chemtyon Fiber Glass o El de 

Calif. B, H, I, Ru L} 
Gunes Resins ou St. TG G 
Cook Paint & Varnish Co., Kansas City 


ws..} Phatice, Inc., Columbus 7, 


Crest-Foam Corp., Flushing 54, N. 
Curtiss-Wright Corp., New York 20, 
N. Y. (K, L) 


Custom Chemicals Co., Inc., E. Ruther- 
ford, N. J. (R) 
D & R Pilot Plants, Inc., Hazardville. 
Conn. (B} 

Dayco Corp., th, Dayton, Ohio 
lj. X% LM, N, P) 


*Dow Chemical Co., Pea Mi ey 


Mich. Cc, F, J], 5, L, 
Dow Corning Cuneta” ane 
Michigan 
Dam E, F., & Co., Inc., New York 


hianad Corp., San Rafael, Calif 
(H, K, P) 
*du Pont, E. I., de Nemours & Co., Inc., 
Wilmington 98, Del. (K} 
Dura-Tech Corp., Boca Raton, Tec) 
*Durez Plastics Div., Hooker Chemical 
Corp., N. Tonawanda, N. Y 4 
as Industries, Inc., Winthrop 52 
Mass. 
*Dynamit Nobel AG, entankenn 
West Germany (H) 
*Eastman Chemical Products, Inc., Plas- 
tics Div., Sub. of Eastman Kodak Co., 
Kingsport, Tenn. (J) 
*Emery Industries, Inc., Cincinnati % 


hio 
Inc., The, Industrial 


ander Co., 
Plastics Div., Baltimore 23, Md. 
(K, L) 




































Rapentehle Plastics Corp., om 6 


*E . Corporation, Wauregan 
vonnecticut E) 


( 
Federal Industries, Belleville 9, N. J. 
Firestone Synthetic Rubber & Latex 


Co., Akron 1, Ohio (O) 
*Flexible Products Co., — Ga. 
(B, L, R) 

Foam Fabricators, Inc., Ltd., St. Louis 
8, Mo. (D, 5 
Foam Products, Inc., Meant b 

) 

Foamed Plastics Corp., Sates 8, 
Wash. (M) 
Formex Corp., Elkhart, Ind. (E, G) 


*Furane Plastics, Inc., Los Angeles 39, 
Calif. (K) 
General Box Company, DesPlaines, IIli- 


nois 

General Electric Co., A Products 
Dept., Waterford, 2 (P) 

Cue Foam — ‘New York $1, 
N. L, M, Nj 

pa. Bs. Latex & Chemical Corp., Cam- 
bridge, Mass. (K, L) 


Cones ‘Plastics Corp., Santa Monica, 
Dali 


(G} 
General Plastics Mfg. Co., Tacoma 9, 


ash. (I, K, L, M, N) 
General Tire & Rubber Co., The, Mar- 
ion, Ind. (L) 


*Gilman Bros. Co., The, Gilman, Conn. 
( 


; D, E, F) 
Gits, J. A., Plastic Corp., Roselle, ¥ 


Guy Corporation, V 
a on wplanch, ee 


*Cliddem Co., The, Cleveland 14, Ohio 


(Il, K) 

aay Foam Plastic Poodests Chi- 
cago 45, Ill. (C, F, K, L) 
han 4g B. F., Industrial Products Co., 
Akron 18, Ohio (O, R) 


Hanley Plastics Co., St. Louis 17, Mo. 
(K) 

Hanszen Plastics Co., Dallas 10, Teas 
) 


Hote Plastics, Inc., Santa Monica 
Cal i (H, K, L, Nj 
Haveg Industries, Inc., Taunton Div., 
Taunton, Mass. (M) 
Hexcel Products, Inc. lied Farts 
Div., El Segund 0, Cali p - > 
Hedeen Cush-N-Foam Corp., +g 
water, N. J. (I, K, L) 


*LC.1. (Hyde), Ltd., Sub. of Imperial 


Chemical Industries, Ltd., eshire 
England (R 
deel Pushing Float Co., Inc., pape 
, M) 


cago 47, Ill. 


inpets Chemical Industries, Ltd. 
ank, London S.W.1, England 


a Plastic Molding & _ Chi 
) 


(I, K, L) 

Interchemical Corp., Finishes Div., 
Newark, N. J. (R) 
Isochem Resins Corp., Providence 9, 
R. 1. (B, T) 
Isocyanate Products, Inc., New Castle, 
Del. (K, L) 
Jersey City Foam Products Co., Jersey 
City 4, N. J. (M, N) 


Jersey Plastic & Die Casting Co., Irv- 
ington 11, N. J. (G) 


Joclin Manufacturing Co., = 


Connecticut 
Kish Industries, Inc., Lansing 6, ae 
*Koppets Co., Plastics Div., Pitts- 
__burgh 19, (C, G) 
* & Indicates Advertiser 


1080 


FOAMED PLASTICS AND FOAMING AGENTS 


L & P Tool Co., Cincinnati 25, Ohio 
(B, K, L, R) 
Lami-Plast Products Co., Tampa 5 
Fla. (I, K, L 
Laurie Foam Products, Inc., New York 
60, N. Y. (R) 
Lawrence Adhesive & Chemical Co. 
Inc., Lawrence, Mass. 
Lawrence Packaging Supply Co., New- 
ark 4, N. » L) 
Lebec ‘Chemical Corp., nea, 


if, 

Leepoxy Plastics, New Haven, ted. sy 
Loma Industries, Ft. Worth 10, Texas 
(E, F, G, M) 
Ludlow Plastics, Needham Heights 94, 
Mass. ) 
Magic Chemical Co., Brockton, Mass. 
I, K, L) 
Magnolia Plastics, Inc., Gar o 
*Marblette Corp., The, Long Island City 

A. ee ee H. 


Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. I. (B,D 


*Metal & Thermit Corp., Rahway, wr 


Micron Chemical Products Co 
Brooklyn 31, N. Y. 

Miller-Stephenson Chemical Co., Inc., 
S. Norwalk, Conn. (B, I, L) 


Mitchell Rand Mfg. Corp., New York 
7, N. Y. (B) 


*Mitchell Specialty Div., Novo Industrial 
Corporation, Philadelph ia 36, Penn- 
sylvania 

*Mobay Chemical Co., Pittsburgh 5 » 

Mol Rez Div., American Petrochemical 
Corporation, Minneapolis 18, Minne- 


sota (K, L) 
*Mono-Sol Corp., Gary, Ind. (R) 
*Monsanto Chemical Co., Plastics Div. 

Springfield 2, Mass. (D) 
*Muehlstein, H., & Co., Inc., New York 

17, N. Y. (F, L, O, R) 


*Naugatuck Chemical, Div. of United 
States Rubber Co., Naugatuck, Conn. 

( . O, R) 

New England Tape Co., Hudson, Mow. 


Newport Plastics Corp., Newport, ba 


*No Chemical Co., Plastics Div., N. 
pe evay N. J. (K, L, M, N) 
O’Day Mfg. Corp., Fall River, pone 


Ohio Sealer & Chemical Corp., Dayton 
39, Ohio (R 


Olympic Plastics Co., Inc., Los Angeles 
16, Calif. (M) 
Paramount Foam Industries, Lodi, N. J. 
(K, L) 

(K, L) 

High Point, 


*Pittsburgh Plate Glass Co., Paint Div., 
Pittsburgh 22, Pa. L 


*Plastic Engineering & 
Fort Lauderdale, Fla. 


Plastic Parts Corp., Toledo, Ohio (E) 
Plastifoam Corp., The, Rerntin Sm 


Pelron Corp., Lyons, Il. 
4. aes Corp., 


& Chemical Or * 


E, G) 
Plastomer Corp., Detroit 10, Mich. 
(K, L, M, N) 


Poly Resins, Sun Valley, Calif. 
(B, H, K, R) 

Polykote, Incorporated, Cleveland 
Ohio Bw 


Polyspand, Incorporated, Irvington 11 
New Jersey (c} 





(For complete addresses, see Alphabetical Index, p. 1179) 


Polystructures, Inc., Stoneham, Mass, 
(M) 
Premier pe Plastics Co., Jefferson. 


town, K 


ww Reaselieaiion Co., Milwaukee s 


Pycofoam Corporation, Nomisor, 
Ivania 
#Reici hold ee Inc., White 


Reymaids cman Products Co., wht 

more Lake, Mich. (K, L, M, R) 
*Rezolin, Inc., Santa Monica, Calif.’ 

Rochester Urethane Co., Inc., Div. of 


—— Plastics, Inc., Rochester} 
*Rubber Corp. of America, nul 
(R 


m., a8 Paper Co., Panelyte Div 
Trenton, N. J. (E} 


Shell Chemical Co., Ltd., London W. 
England ( "7 
Sheller Mfg. Corp., Portland, 2: 
» L) 
Sherwin-Williams Co., The, Pigment, 
ee & Chemical Div., New York is 


) 
*Southern Plastics Co., Columbia 1, S. S 


Spartan Products, Inc., Madison 
Heights, Mich. (M, N, R) 


Specht Plastics, Inc., ne, ¥ 


*Spray-Bilt, Inc., Hialeah, Fla. (K) 

cr. Molding Corp., Dove § 2, 
hio . 

Standard Plastics, Inc., Fogelsville, & 


Sage Chemical Co., The, East noe 


au Chemical Company, Molded 
Products Div., Los Angeles 23, Cali- 
fornia 
Stauffer-Hewitt, Franklin, N. 
d M, N) 
Sterling Alderfer Co., Akron 1s, L% 


S _ Co., Pe of Amerace 
u = wr Con 


ca Chemical Corp., ea 
omas Plastikraft Corp., 4 ae. 
be N. Y. (D, E, G) 


Thombert, Inc., Newton, Iowa (x) 
Toyad Co Latrobe, P: 
or ~— (E, G, Me “N, O, P, R) 
Ultra Plastics, Inc., Philadelphia % * 


Union Carbide Corp., Silicones Div., 
New York 17, N. Y. “- P) 
*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 
iy, Me oe (H, J, K, Loe 
*Union Carbide Plastics Co., Div. of 
Union Carbide Corp., New York 17 

N. Y. (H, J, B 
Union Carbide Plastics Co., Div. of 
oe Carbide Corp., Newark im 


*United Cork Companies, Kearny, Nd 
U. S. Mineral Wool Co., —_— 
mJ. 


*United States Rubber Co., Royalite 
Div., Chicago 39, IIl. (M) 


Urethane Corp. of America, ‘eu 


ae a St. Paul 4, Minn. (E, G) 
Vibration Mountings & Controls, st 
Corona 68, N. Y. (O, 
Western Specialty Mfg. Corp. 

enne, Wyo. 





*V 


 — = 


- 


*Witco Chemical Co., Inc., New York 
17, N. Y. . &) 
Woodall Industries, Inc., Detroit 34, 
Mich. (F, L) 
Wood-Fab, Inc., Lester Prairie, Minn. 


Worcester Moulded Plastics Co., Wor- 
cester 8, Mass. F) 
Wyandotte Chemicals Corp., ys 
dotte, Mich. (K, L) 


FOAMING AGENTS 


*Allied Chemical Corporation, General 
Chemical Div., New York 6, New 
York 

*xAmerican Alcolac Corp., Baltimore 26, 
Md 


*du Pont, 


FOAMED PLASTICS AND FOAMING AGENTS 


Amold, Hoffman & Co., Inc., Provi- 


dence, ) ay 


*kAxel Plastics Research 5 cacti 


Long Island City 1, N. 
Geer Chemical Co., Patcburgh 37, 


Chas Chemical Corp., Pittsburgh 1, 


E. de Nemours & Co., 
Inc., Wikmington 98, Del. 


*Farbenfabriken-Bayer, ‘AG., Leverku- 


sen, West Germany 


*Harwick Standard Chemical Co., Akron 


5, Ohio 
a “Od Process Corp., Philadelphia 2, 
a. 


*Imperial Chemical Industries, Ltd., 


Millbank, London S.W.1, E ngland 


Jefferson Chemical Co., Houston 2, 
Texas 


Nalco Chemical Company, Chicago 48, 


Illinois 


*National Polychemicals, Inc., Wilming- 


ton, Mass. 


*Naugatuck Chemical, Div. of United 


States Rubber Company, Naugatuck, 
Connecticut 

Sherwin-Williams Co., The, Pigment, 
Color & Chemical Div., New York 
16, N. Y. 

Swift & Co., Chicago 9, Ill. 

Union Carbide Corp., Silicones Div., 
New York 17, N. Y. 

United Progress, Incorporated, Albany 
5, New York 








Modifiers and Additives 








ANTI-OXIDANTS 


*Allied Chemical Corp., cus Ani- 
line Div., New York 6, N. 

*American | Cyanamid Co., ae 
Chemicals Div., Intermediates Dept., 
Bound Brook, N. J. 

*Badische Anilin- & Soda-Fabrik AG, 


*Badische Anilin- & 


Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Germany 
— Castor Oil Co., The, Bayonne, 


pint Laboratories, Inc., New York 23, 
N. 


eeaaie Advance Produktion GmbH, 


Bensheim, West va. 


Monsanto Chemical Co., Organic 
Chemicals Div., St. Louis 66, Mo. 
Nalco Chemical Co., Chicago 48, Ill. 


*Nuodex Products Co., Div. of Heyden 


egal Chemical Corp., Elizabeth, 
Onyx Chemical Corp., Jersey City 2, 


a 
Permachem Corp., W. Palm Beach, Fla 
*Royce Chemical Co., Carlton Hill, N. J. 
*&Tennessee Products & Chemical Corp., 
Nashville, Tenn. 


Ludwigshafen/Rhine, West German 
oe of America, New Yor 


*du Pont, E. 1, de Nemours & Co., 
Inc., W ilmington 98, Del. 

*Eastman Chemical Products, Inc., Hall, C 
Chemical Div., Sub. of Eastman 38, 
Kodak Co., Kingsport, Tenn. 


*Fine Organics, Inc., Lodi, N. J. 
*G eigy ge reer " Yonkers, 


Grace, W. R., & Co., Davison Chemical 
Div., Baltimore ata. “i chs 
S-° iio ane temaeteal CATALYSTS AND PROMOTERS 


A. Peroxides 


SS OS CU OwllU 


— SO ee SO” 


Hercules Powder Co., Inc., Wilmington 
99, Del. 


Hooker Chemical Cop. Chemical Div., 
Niagara Falls, N. Y. 
*Imperial Chenoa Industries, Ltd., 
Millbank, London §.W.1, England 
Koppers Co., Inc., Tar Products Div., 
Pittsburgh 19, Pa. 

*Krieger Color & Chemical Co., Inc., 
Hollywood 38, Calif. 

*McKesson & Robbins, Inc., Chemical 
Dept., New York 17, N. Y. 

Miles Chemical Co., Div. of Miles 
Laboratories, Inc., Clifton, N. J. 
Monsanto Chemical Co., Organic 
Chemicals Div., St. Louis 66, Mo. 
*National Lead Co., New York 6, N. Y. 
. “2 Chemical "Co., 


*Sheil Chemical Co., 
N. Y. 


ANTISTATIC AGENTS 
(See Destaticizers) 


ANTI-TACK AND SLIP AGENTS 


Adhesive Products Corp., New York 
60, N. Y. 


Alframine Corp., Paterson 4, N. J. 


*Axel Plastics Research Laboratories, 


__Long Island City 1, N. Y. 
* Indi Indicates Advertiser 


Pittsburgh 25, 
New York 20, 


elasperial Chemical Industries, Ltd., 
oe 


bank, London S.W.1, England 
Brockton, Mass. 
Works, St. 


ic Chemical Co., 
allinckrodt Chemical 
oe 7, Mo. 
Merix Chemical Company, Chicago 49, 
Illinois 
Mohawk Industries, Inc., Sparta, New 


Jersey 

i ~ Corp., Farmingdale, New 

or 

Schwartz Chemical Co., Inc., Long Is- 
land City 1, N. Y. 

Sprits, Lynbrook, N. Y. 

Swift & Co., Chicago 9, Ill. 

Swift & Co., Hammond, Ind. 


BACTERIOSTATS 
Alframine Corp., Paterson 4, N ¢: 
*Badische Anilin- & Soda- Fabri AG, 
Ludwigshafen/Rhine, West Germany 
Bios Laboratories, Inc., New York 23, 
N. Y. 
Cones rcial Solvents Corp., New York, 
N. 
*Dow _ ee Co., The, Midland, 
Mi 
*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West rmany 
*Fine Organics, Inc., Lodi, Nt 
*Gei Industrial Chemicals, onkers, 
Geigy, J. R., S.A., Basel 16, Switzer- 
land 


*Krieger Color & Chemical Co., Inc., 
Hollywood 38, Calif. 


B. Organo Bases 
C. Organo Metallics 
D. Miscellaneous 


*Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, Inc., New 
Brunswick, N. J. (C) 

* Allied Chemical Corp., General Chem- 
ical Div., New York 6, N. Y. (D) 

*Allied Chemical Corp., National Ani- 
line Div., New York 6, N. Y. (B) 

*Allied Chemical oy Plastics Div., 
New York 6, N (A) 

*American Alcolac Corp., Baltimore 26 


Md. (B 
Anette Alkyd Industries, Conant 
pe... Mineral Spirits, Murray Hil 


N. J. (D} 
*Badische Aniline & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Ger- 
many (A, B, C) 
oe Castor Oil Co., The, Bayonne, 


yf (D) 
bare, J. T., Chemical Co., Phillips- 

urg, 
Becco Chemical Div., Food Machinery 
& Chemical Corp., New York 17, 


N. ¥: (Aj 
Bios Laboratories, Inc., New York a 


N. Y. 
Cadet Chemical Corp., Burt 1, N. Y. 


A 
*Cadillac Plastic & Chemical Co., os 
troit 3, Mich. (A) 





















































































MODIFIERS AND ADDITIVES 


Carwin Co., The, North Haven, Conn. 


(B) 
*Celanese Polymer Co., Div. of Celanese 
Corp. of America, Newark 2, N. J. 


( 
Cages Chemical Corp., eee 


Chemical _ Development Corp., 3, DI 


(A, ” 
*CIBA. a el Corp., Fair Lawn, N. 


*Deutsche Advance Produktion GmbH 
Bensheim, West German (A} 
Devcon Corp., Danvers, Mass. BS 
one =e Co., The 


Mass. Con 
-—¥ Wallace A., & Co., nha 
*Ferro Chemical Co . Div. of x) 


Corp., Bedford, Ohio (D) 
Was Plastics, Inc., Los Angeles o 


Garan Chemical Corp., Gardena, Olt. 
General Mills, Inc., Kankakee, Ill. (D) 
*Harwick Standard Chemical Co., Akron 


5, Ohio (A) 
Hastings Plastics, Inc., Santa Monica, 
Calif. (A, B, C, D) 


Henley & Co., Inc., New York, N. Y. 


Hercules Powder Co., Inc., Wilming- 

ton 99, Del. (A) 

Mepest Products, Inc. lied Faas 
El Segund 0, cae 


Niagara Falls, 


Sele Chemical op Chemical DW. 
D) 
Resty Process Corp., Philadelphia 2 
a. 


(B, D) 

Isochem Resins Corp., Providence 9 
R. 1. (D} 
Jefferson Chemical Co., Houston 2 
Texas (Dp) 


*Jones-Dabney Co., Louisville 8, Ky. (D) 
ish Industries, Inc., Lansing 6 


‘(A, D) 
Koppers Co., Inc., Chemicals & - 
stuffs Div., Pittsburgh 19, Pa. (B) 
*Krieger Color & Chemical Co., Inc. 


Hollywood 38, Calif. (A) 
Lancaster Chemical Corp., Carlstadt 
N. J. (B, D) 
Lawrence Adhesive & Chemical Co. 
Inc., Lawrence, Mass. (D} 
Lebec Chemical Corp., Paramount 
Calif. (D} 
Leepoxy Plastics, New Haven, Ind. 
(B, C, D) 
*Lucidol Div., Wallace & Tiernan, Inc. 
Buffalo 5, N. Y. (A) 


Magnolia Plastics, Inc., Chamblee, Ga. 
(D) 


McGean Chemical Co., The, Cleveland 
15, Ohio (D) 


*McKesson & Robbins, Inc., Chemical 
Dept., New York, N. Y. (A, D) 


Merck Marine Magnesium Div., Merck 
& Co., Inc., Rahway, N. J. (D) 


*Metal & Thermit Corp., Rahway, NS 


Miles Chemical Co., Div. of Miles Lab- 
oratories, Inc., Clifton, N. J. (B, D) 


Miller-Stephenson Chemical ~ re. 
Norwalk, Conn. D} 


Nalco Chemical Co., Chicago, mn (D) 
%* Indicates Advertiser 





*N Chemical, Div. of U. S. Rub- 
non senguast, Conn. D) 
*Nuodex Products Co , Div. of H 
areal Chemical "Corp., — Bs 
— Chemicals Corp., Philadelphia 
Pittsburgh Plate Glass Co., Chemi 


Div., Pittsburgh 22, Pa. (A) 
Plastic’ Engineering & Chemical Co. 
Fort Lauderdale, Fla. (A) 


“ae oar Supply Co., Inc., Fe 

Poly ring Enterprises, Inc., wo 
kla. 

*Reichhold hemteals, Inc., 
Plains, N. Y 


Ren Plastics, Inc., Lansing 9, M re 
Roussel a New York uf N 7 (D) 
Schramm 


¢ ply roducts, Inc. 
Coicoe> 16, 18 
*Shell Chemical 


. New York, N. Y. fy 
Sopaiety Choate Div., Reichho 

Chemicals, Inc., Austin, Texas (A) 

ba Chemical Co Co., a 

Union Carbide Chemicals Co., Div. of 

Union Carbide Corp., Ne York 17 

N. Y. (B, D} 


Union Carbide Corp., Silicones os 
New York, N. Y. 


U. S. Peroxy Corp., Ri 
gen chnond 


#Verona-Pharma Chemical Corp., » Union 


*Witco Chemical Co., Inc., New York 
BY, Oe ue (C) 


COLORS AND COLORANTS 


A. Color Dispersions in 
Resins and Plasticizers 
{e.g., Masterbatches, 
Gel Coats, etc.) 


Dry Colorants 

Dyes 

Fluorescent Pigments, Inks, 
Paints 

Hot-Stamping Media 

Inks 

Paints 

Pearl Essences 

Pigments, Inorganic 

Pigments, Luminescent 

Pigments, Metallic 

Pigments, Organic 


SNS 


cr Ae- TOmMm 


Acheson Dispersed Pigments Co., Unit 
of Acheson Industries, Philadel 
8, Pa. (A, D, F) 
Admiral Roll Leaf, Hackensack, N. re 


All Nr rpoee Roll Leaf Corp., oe 
( 
* Allied Chemical Corp., Naticnal Ani- 
line Div., New York 6, N.Y. (CL) 
Allied Chemical Corp., National Ani- 
line Div., Harmon Colors, Haw- 
thorne, N. J. . 
* Allied Chemical Corp., Plastics Div., 
New York, N. Y. (C) 
*Alpha Chemical & Plastics Comp. 
Newark 5, N. J. A) 
Aluminum Co. of America, Pittsbur 
19, Pa. 
American Cyanamid Co., Organic 
Chemicals Div., Dyes Dept., Bound 
Brook, N. J. (C) 





(For complete addresses, see Alphabetical Index, p. 1179) 





Phoenixville, P: (A, F, 
* American Ee ng & Chemi- 
cal Corp., Broo * 4 
Ansbacher-Siegle Rosebank 
Staten Island, N. Y ps F 


A, Rubber Co., 

R. 

*Argenta Products Co., Jersey City, N 

*Ar Chemical Corp., Broly yn 3 
Ny. i 

Arnold, 7? & Co., Inc., Provi- 


dence, R. I 
Atlantic P Powdered Metals, Inc., New 
or! 
*Badische aniitn & 206, ~ nara AG, 
wigshafen 


oe 7 
*Bee > Chemical Co Bnd i 
Bios Laboratories. Ine 8 Ne ul iG 
N.Y. (A,C H, I, J, K, 
*Blane Corp., The. Sabo Mass. 
*Cabot Corp., Boston 10, Mass. 


Apex Tire & 


— 


aie 


Carbic-Hoechst Corp., ‘Pigment at 
Mountainside, N. J. (B, D, L) 
Cure , Inc., N Newark 


SspeYeses 


Century Dispersions, Detroit, Mich. 
Van Winkle Co., Pasadena, Calif. 


Chemplasco, Cincinnati, Ohio (A, I) 
*CIBA Co., Inc., Pigments a ty Fair 


Lawn, N. J . 
*Claremont Pi Dispersion 
Roslyn Hei N.Y OLE CEB 


Clinton Co., ay Chicago 22, Ill. (A) 


Coll Pigments, A Div. of General 
Aniline & Film Corp., Ne 5 York xi 


anaains Industrial Dyers, New he 
18, N. Y. () 
ees ae Carbon Co., New York 17 
(A, B, 

Ouuniad Resins Corp., St. Paul 


inn, 


Crescent Bronze Powder Co., one 
10, OL 


Crystal Essence Corp., The, Bound 
Brook, N. J. (H) 
Custom Chemicals Co., Inc., E. Ruther- 
ford, N. J. (A, D, F, G, H, 1, J, K, 
Da Frank D., Co., S. Plainfield, 
NY. (A, B, 
Dogestt, Stanley, Inc., vrs York . 
*Dow Chemical Co., The, a 
Mich. ? 
rg " F., & Co., Inc., New 
York 7, tH 
*du Pont, - L, "he Nemours & Co., Inc. 
Wilmington 98, Del. 
(A, C, G, 1 K, 
Dytex Chemical Co., Providence ; 
R. 1. ( 


Eagle-Picher Co., The, Ciachnall. a 


Electronic Components, Div., Telecom 
puting Corp., Van Nuys, om. & 
*English Mica Co., The, S 
— "a 
*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West Germany @ 
*Farbwerke. Hoechst AG.  (vormals 
Meister Lucius & Briining), Frank 
furt/Main-Hoechst, West va 


Farrington Texol Corp., Walpole, a7 
Federal Color Labs., Cincinnati 
Ohio A, B. i} 





[oe 


—— ee Oe Se ee ee ee ee ee Oe 


— 


i ee ee 


=, 
— 


——— 


i 


~—s 


Per ce FT SOT Oro oe rer em! hCli(i CC rT CT rr OO OO 


Color Div., Cleveland 5 

(A, B, C, I, K, L) 

Filo Color & Chemical Corp., New 

Yok 17,N.Y. (,C,1LJ,K, L 
*Flexible Products Co., Marietta, Ga. 

Garan Chemical Corp. * " : S 


(A, C 
Geigy, J. R., S.A., Basel 16, Switzer- 
General Color Co., Inc., Newark 5, 


N. J. (I) 
ond estuff Co.;, A Div. of Gen- 
- pe ae Cn, Sw ae 


N. Y 
a Printing Ink Co., Div. of Sun 
Chemical Corp., New York 17, N. Y. 


*Gering Plastics, Div. of Studebaker- 
Pac Corp., Kenilworth, N 


Glidden Co., The, Cleveland 14 Sn 


(A, G) 

*Glidden Co., The, Di 

Baltimore 26, Md. 
*Harshaw Chemical Co., The, 

6, Ohio (B, e L 
*Harwick “Standard Contes 

ron 5, Ohio | eA 6 L) 
Hastings Plastics, Inc., Poy Monica, 


A) 
a %: & Co., Inc., New York 17, 


inne. Davis Chemical Co. Div., 
Cincinnati 13, Ohio (A, C, L L) 
*Hommel, O., Co., Pittsburgh 26, Ss 
Hummel Chemical Co., Inc., New York 
» We (K) 


Ferro Corp., 
Ohio 


*Hysol Corp., Olean, N. Y. (A) 
*Imperial Chemical Industries, Ltd. 
Millbank, London S.W.1, Bogiand 
—— 2 Cote, Chemical & 5 
rcules Powder Op 
Glens Falls N. Y. (A, I, J, ai 
Interchemical Corp., Color & Chemicals 
Div., Englewood, *. J. 
(A, B, C, D, F, G, L) 


Interchemical bmg ” Color & Chemi- 
cals Div., Hawthorne, N. J. (A, C, L) 
Interchemical Corp., —— Div. 
Newark, N. J. A, F, G} 
leechers Resins Corp., Providence e & 
mat Petrochemicals, Inc., 7 th 
78, N. Y. si 
*Kentucky Color & Chemical Co., Div. 
of The Harshaw Chemical Co., 
Louisville, Ky. (B) 
*Kingsley Machine Co., Holl 
ngrley achine ollywood zs 


Kleestron, Ltd., London, England (B) 
Kohnstamm, H., & Co., Inc., New 
York 13, N. ¥. (B, C, I, L) 
Koppers Co., Inc., Chemicals & Dye- 
stuffs Div. ; Pittsburgh 19, Pa. (C, L) 
*Krieger Color & Chemical Co., Inc., 
Hollywood 38, Calif. 
(A, C, F, CG, H, I, J, K, L) 
Lakeside Plastics Co., Inc., Oshkosh, 
Wis. (A, F, G) 
Landere-Segal Color Co., Brooklyn 31, 
(A, B, I, i 


*L ae Chemicals, Inc., Chicago 
Ill. nD D) 


Leon Chemical Industries, Inc., Grand 
Rapids, Mich. (A) 


Magic Chemical Co., Reoeiire. Mass. 
(A, D, F, G) 


McGean Chemical Co., The, Cleveland 
15, Ohio (I) 


*Mearl Corp., The, New York 17, N. Y. 
(B, H, L, L) 


® Indicates Advertiser 


“ 
ee ee er he F6) 
Metals Disin 
Miller Stephenson Chemical Co., Inc., 
Norwalk, Conn. (A) 
m3... Miniag & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. ( 
Mol aes Div. be 
, Minneapolis 18, Minn. A) 
s 4 


A, G) 


21, ) 
*National Lead Co., New York 6, Ny 
te Je Zinc Co., The, New York 
"y. at. K) 

Palme, Homer W., & Co a ae 
(F, i, J, K, L) 

sPasiey's Plastic Products, Ine eas 


: Reed Plastics Corp., Worcester 8, Mass. 


18, G ( 
Passaic ‘Color & AC F.C 


J. 
*Patent Chemicals, Inc., Paterson a 


J. ( 
Pennsylvania Color & Chemical o 
Doylestown, Pa. 
Pigment Dispersions, Inc., eee N. 4 


Plasteel Corp., Inkster, Mich. ad 


*Plastic Engineering & Chemical Co., 


Fort Lauderdale, Fla. (D, I, K} 


*Plastic Molders Supply Co., Inc., Fan- 


wood, g.5, H, L 1K, L) 
Plastic Molding Powders. Inc., en 


aPinstids Color Co., rat Chatham, N 


C,H, I, Fok z 
Polymer Dispersions, Inc., 


roa Thermo Plastics Co., Bes 
pene Chcanical Corp., Beacon, WN 
a. A Sahn Corp., Brooklyn 10, 
Rarolite Chemical Co., —— os 

(B) 


Rhode Island Laboratories, Inc., West 
Warwick, R. I. (I, 


Rhodia, Inc., New York 22, N.Y. (H) 


as i ay Color Co., in Newark 2 


C, 1, J, K, L} 


pe. Pearl Corp., Div. of a Lab- 


oratories, Inc., Bayonne, N. J. 
(A, B, F, a I, K, L) 
Sampson Chemical & Pigment Cars 
cago 12, Ill. LJ) 
ie Inc., New York 13, N. Y. 
B, C, L) 
a ~e Resins, Inc., Philadephia, 4 
‘a 
Schwartz 5 Co., Inc., Long Is- 
land City 1, N. Y. 
re . C, D, G, I, K, L) 
Sherwin-Williams Co, The, Pigment, 
Color & Chemical Div., ‘New York 
16, N. Y. (A, B, G, I, L) 
Silberline Mfg. Co., Inc., Stamford 
Smith ont & Color Co., Inc., 
Brooklyn 1, N. Y. (A, L, K, L) 
Smith, J. Lee, & Co., Inc., North 
Brunswick, N. J. (A, I) 
*Solar Chemical Corp., re? 
Mass. (A, B, H) 
Soe Clays, Inc., New York 6, 
eatin Chemical & Plastics Co. 
Seabrook, Texas (A) 
Standard ‘os \ omen Co., Staten 
Island 8, (F, G) 


*Badische Ani 


*Bee Chemical Co., Lansi 


MODIFIERS AND ADDITIVES 


Stifunington 2, W.Va. (A.B, 1,13 
gton a. 
Suffolk, Associ Associates, Inc., New York 16 


F) 


Sulit Varnish Co., oo 
va EC.) 


*Switzer Bros., Inc., Clevelat $3 Ohio 


Srepete Chemicals, Inc., Paterson 


J 
Taussig, F. H., New York 23, N. Y. 
Titanium Pigment Corp., New York 


“Paul, & Co., Inc., New ag 
Ultra Ray Pearl Essence Corp., Hyan- 


nis, Mass. 
United States Radium Corp., Morris- 
town, 
*United apeeetine & Chemical Co. 
New York, N 
*Vernon Spokshiion, Inc., N. Tone 
Y. C.6 


N. 
sha a > -Pharma Chemical Corp., Union, 


(C, L 
Verus€o.. The, Rutherford, N. J. (A, K) 
Westchester Plastics, Inc., Mamar 


( 
Whithouse Plastics Corp., Fort Worth, 


Texa: 
# Whittaker, oe og & Daniels, Inc., New 


York 7, 
Williams, C. K., & Co., E. St. Louis 


ill. g 
Wilmot & Cassidy, Inc., Brooklyn 22, 
Y (C) 


N., Y. 
Wilson Petrolcoke & Carbon Corp. 
New York 36, N. Y. 


17, N 


*Witco , Co., Inc., New vom 


CURING AGENTS 
(See Catalysts) 


DESTATICIZERS 


*Antara Chemicals, A of 


General 
Aniline & Film Com New York 14, 
Argld, Hofman & Co, Inc., Provi- 


isl idk’ Scone Lehentites, 


Long Island City 1, N. Y. 

Babbitt, B. T., Inc., New York N. Y. 
jlin- & Soda-Fabri AG, 

Lysiwigshafen/Rhine, West Germany 

5 Castor Oil Co., The, Bayonne, 

Beaver Laboratories, Inc., Hel N. Y. 

ing, Ill. 

Chemical Development Corp., Danvers, 


Mass. 
Chemical & Engineering Associates, 
Elkton, Md 


*Deutsche Advance Produktion GmbH, 


Bensheim, West Germany 
sy M., Chemical Co., Chicago 
*Fine Organics, Inc., Lodi, N. J. 
wader Industrial Chemicals, Yonkers, 


General Mills, Inc., Kankakee, Ill. 
a ay Corp. of America, Clifton, 


Glyco Chemicals, Div. of Chas. L. 
untehing & Co., Inc., New York 16, 


Grace, W. R., & Co., Davison Chemical 
Div., Baltimore, Md. 
Greensboro Sales Dept., Chas. Pfizer & 
Co., Inc., Greénsboro, N. C. 
Hall, C, P., Co. of Illinois, The, Chi- 
cago §8, Ill. 
ees ys Standard Chemical Co., Akron 
! 0 




























































































MODIFIERS AND ADDITIVES 


se 7 Products, Inc., Woodhaven 21, 
Houghton, E. F., & Co., Philadelphia 


Pa. 
*Imperial Chemical Industries, Ltd. 
Millbank, London S.W.1, England 
Jefferson emical Co., Houston 2, 
Texas 
*Johns-Manville, New York 16, N. Y. 
Kessler Chemical Co., Inc., Philadel- 
phia 35, Pa. 


*Krieger Color & ne Co., Inc., 
Hollywood 38, Calif. 


L & P Tool Co., Cincinnati 25, Ohio 
Merix Chemical Co., Chicago 49, Ill. 
neon, Harry, Corp., Philadelphia 40, 


ddaeenane Rayon Co., Ltd., Tokyo, 
Japan 


on Chemical Corp., Jersey City 2, 


“a ‘Contes, Rochester 4, N. Y. 

Research Sales, Inc., Suffern, N. Y. 
*Simco Co., The, Lansdale, Pa. 
*Statikil, Inc., Cleveland 18, Ohio 
*Sullivan Varnish Co., Chicago 22, IIL. 

Swift & Co., Chicago 9, Ill. 

Swift & Co., Hammond, Ind. 

Soniets Chemicals, Inc., Paterson 4, 


N. J. 
Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., New York 17, 


United States Radium Corp., Morris- 
town, N. J. 
*Witco Chemical Co., Inc., 
N., Y. 


New York 


EMULSIFYING AND 
DISPERSING AGENTS 


* Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, Inc., New 
Brunswick, N. J. 

Air Reduction Chemical & Carbide Co. 
Organic Chemicals Dept., A Div. of 
Air Reduction Co., Inc., New York 
17, N. Y 

Alframine Corp., Paterson 4, cual 

* Allied Chemical Co ‘ Nation Ani- 
line Div., New York 

es -* com Alcolac Corp., ee 26, 
Md. 

*Antara Chemicals, A Div. of General 
Aniline & Film Corp., New York 14, 


N. Y. 
Atlas Chemical Industries, Inc., Wil- 
mington 99, Del. 
*Badische Anilin- & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Germany 
a Castor Oil Co., The, Bayonne, 


J. 
callery Chemical Co., Pittsburgh 37, 


Chernical & Engineering Associates, 
Elkton, Md 
*Chemische Werke Hiils, A.G., Marl 


(Kreis Recklinghausen), West Ger- 
many 
*Colorite Industrial Dyers, New York 
18, N. Y. 
Commercial Solvents Corp., New York, 
*Deutsche Advance Produktion GmbH, 
Bensheim, West German 
Dewey & Almy Chemical Co. Div., 
W. R. Grace & Co., Cambridge 40, 
Mass. 
*Dow Chemical Co., The, Midland, 
Mich. 
Drew; E. F., & Co., Inc., New York 
10, N. Y. 
* Indicates Advertiser 





*du Pont, E. L., de Nemours & Co., Inc., 
Wilmington 98, Del. 
Dytes Seema Co., Providence, Rhode 


apenas ny, Bayer, A.G., Leverku- 
n, West Germany 
Fiber Geamical Corp., Cliffwood, New 


Jerse 
*Gelgy "industrial Chemicals, Yonkers, 


Glyko ‘Chemicals, Div. of Chas. L. 
Huisking & Co., Inc., New York 16, 
N 


tee 
Hall, C. mt Co. of Illinois, The, Chi- 
cago 38, Ill. 
Hlarwick Standard Chemical Co., Akron 
Here & Co., Inc., New York 17, New 
Hocker Chemical Corn, Chemical Div., 
Niagara Falls, N. Y. 
-?¢%" E. F., % Co., Philadelphia 


33, 

ttepedal” " Chemical ladestcien, Ltd. 
Millbank, London S.W.1, gland 

Jefferson Chemical Co., ‘ine 2, 
Texas 

*Johns-Manville, New York 16, New 
or 

Kessler Chemical Co., Inc., Philadel- 
phia 35, Pa. 

*Krieger Color & Chemical Co., Inc., 
Hollywood 38, Calif. 


*McKesson & Robbins, So. Chemical 
Dept., New York, N. 
Merix Chemical C pte A Chicago 49, 
Illinois 
Minnesota Mining & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. 
Nalco Chemical Company, Chicago 48, 
Illinois 


Nopco Chemical Company, Richmond, 
California 
Onyx Chemical Corp., Jersey City, New 


Jersey 
*Pennsalt Chemicals Corp., Philadelphia 
2, Pa. 
Philadelphia Quartz Co., Philadelphia 
6, Pa. 
*Plastic Molders Supply Co., Inc., Fan- 


wood, 
*Plastics Caio; Co., 
Jersey 
Putnam Chemical Corp., Beacon, New 
York 
*Rohm & Haas Co.. Philadelohia 5, Pa. 
Sun Oil Co., Philadelphia 3, Pa. 
Swift & Co., Chicago 9, Ill. 
Swift & Co., Hammond, Ind. 
Syninatic Chemicals, Inc., Paterson 4, 
aN. 
Tennessee Corp., Atlanta 9, Ga. 
Union Carbide Chemicals Co., Div. of 
oe Carbide Corp., New York 17, 


Inc., Chatham, New 


Vigiet Chemical Corp., Lynchburg, 
a. 


*Wilson-Martin, Div. of Wilson & Co., 
Inc., Philadelphia 48, Pa. 


*Witco Chemical Co., Inc., New York 


7,N. ¥ 


Wyandotte Chemicals Corp., Wyan- 
dotte, Mich. 


Wye Industries, Boston 27, Mass. 


FLAME RETARDANTS 


Celanese Chemicals Co., Div. of Cela- 
nese Corp. of America, New York 16, 
N. Y. 


Koppers Co., Inc., 
Pittsburgh 19, Pa. 


.-y Chemical Corp., St. Louis, 
Mi 


Tar Products Div., 






(For complete addresses, see Alphabetical Index, p. 1179) 









MOLD LUBRICANTS 
(See Mold Release Agents, p. 1131) 


ODORANTS AND DEODORANTS 

Ow le & Olcott, Inc., New York 14 
*Dow Chemical Co. The, Mi 

eS mica e land, 


Fritzsche Bros., Inc., New York 1], 
N. Y. 


WErioges Color & 
Hollywood 38, 
Merix Chemical Co., Chicago 49, Ill, 


Monsanto Chemical Co., Organic 
Chemicals Div., St. Louis 66, Mo, 


One, Products, Inc., New York 6, 


& Sontes Co., Ine, 


Penick Corp., New York 8, N. Y. 

Sindar Corp., New York 26, N. Y. 

Union Carbide Chemicals Co., Div, of 
o- Carbide Corp., New York 17, 


PIGMENTS 
(See Colors and Colorants) 


PLASTICIZERS 


Abietates 

Adipates 

Azelates 

Biphenyls 

Camphor 

Citric Acid; Citrates 

Epoxy 

Fatty Acid Esters 
(Oleates, etc.) 

Fumaric Acid; Fumarates 

Glycerol; Glycol Compounds 

Glycolates 

Hydrocarbons 

Levulinates 

Phosphates 

Phthalates 

Polyester 

Rubbers 

Sebacates 

Succinates 

Sulfonamide 

Sulphonie Acid Esters 


TOAmmoNe> 


CranwmOw~rOZErrzyr- 


* Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, . New 
Brunswick, N. J. (B, H, J, 0) 

Air Reduction Chemical & Carbide Co., 
Colton Polymers Dept., A Div. of Air 
coin Co., Inc., New York i 


eADied ‘Chemical Com, Fete Div. 
New York 6, N. Y. Pi 


a Alcolac Ht pt hee 26, 
Md. 
American Mineral Spirits, Murray | 
N. J. (L, N, O, 
*Amoco Chemicals Corp., Chicago 1, x 


Archer-Daniels-Midland Ce., Mine D) 
olis 40, Minn. 


Aine, Chemical Corp., Boodle i. 9 


a Hoffman & Co., fae 
dence, R. I. (H) 
*Badische Anilin- & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West 
ant j,O 
Baker Castor Oil Co., 4 Bayouss, 
N. J. (G, 


lS SP os StS S| RR 


—Tt 


Bios Laboratories, i, aa Yo 


rk 23, 
N. Y. (A, B, D, E vay 


M 

0, R, S, T) 

a Chemical Ca. One, New = 
17, 

MCh mical Co., Inc., Keyport, 

xBzura e Yport t 


(G 
N. J. ( 
Cambridge Industries oe aa NS 
42, Mass. 
Celanese Chemicals ot Bn 
nese Corp. of America, New Sock ta 16, 
N.Y. . 
Pe oo SO Werke Hiils, A.G.. M 
— Recklinghausen), West Ger- 


(O) 

#Columbian Carbon Co., New York a, 
N. Y. 

Commercial Solvents Corp., New York, 


N. Y. 
Hh ntal Oil Co., New York 20, N. zs 


) 

Darling & Co., Chicago, IIl. (H, J) 
*Deutsche Advance Produktion Gmb 
Bensheim, West Germany (H 

Dewey & Almy Chemical Co. Div., 

W. R. Grace & Co., Cambridge 40, 


Mass. O, R) 
oe oy Alkali Co., Cleveland A, 
10 
ions Chemical Co., The, 
Mich. (D, J, 
Dew, E. F., & Co., Inc., New Yous 10, 
Y. , ’ 
pe 2, an Chemical Products, Inc., 
Chemical Div., Sub. of Eastman 
Kodak Co., Kingsport, Tenn. 
(B, J, O, P, R) 
*Emery Industries, Inc., Cincinnati 2, 
Ohio (C Bie Jo Os Q) 
*Farbenfabriken-Bayer, sc. ‘Leverku- 
sen, West Germany (B, N, O, Q, U) 
*Food Machinery & Chemical Corp., 
Chemie x & Plastics eC New York 
17, N (B, G, H, J. N, o 
Foremost sell & Che matcal Co.., 
Dorado Div., Oakland, Calif. (H, : 
*Frank, J. P., Che ey & Plastic Corp., 
New York 18, Y. (B, C, 0} 
Geigy, J. R., S.A., cf 16, Switzerland 
(N, O, R) 
Glyco Chemicals, Div. of Chas. L. Huis- 
king & Co., Inc., New York 16, N. Y. 
(E, H, J) 
Goodrich, B Chemical Co., Cleve- 
land 15, Ohig (B, Q) 
Gordon-Lacey Chemical Products Co, 
Inc., Maspeth 78, N. Y. (N, 
Grace, W. R., & Co., Hatco Chemical 
Div., Fords, N. J. 
(B, G, H, I, J, O, P, R) 
Greensboro Sales Dept., Chas. Pfizer & 
Co., Inc., Greensboro, N. C. 
(B, F, H, J, O, P, O, R) 
Hall, C. P., Co. of Illinois, The, Chi- 
cago 38, TIl. 
(A, B, C, H, J, O, P, O, R, S) 
*Harchem Div., Wallace & Tiernan, Inc., 
Belleville 9. N. J. (B, H, O, P, 0. R) 
*Harwick Standard Chemical Co., Akron 
5, Ohio (B, H, if N, O) 
mows Plastics, Inc., Santa Monica, 
Jalif., 
Henley & Co., Inc., New York 17, N. Y. 
(E, L) 
Hercules Powder Co., Inc., Wilmington 
99, Del. (A, O) 
Hooker Chemical Corp., Chemical Div. 
Niagara Falls, N. Y. (H} 
me’ F ries Chemicals, Inc., New York 
N.Y (0) 


Kenic Petrochemicals, Inc., Manet 
i i 


Kessler Chemical Co., Inc., _Phadephia 
__35, Pa. (B, C, H, J, O, R, S) 


* Indic Indicates Advertiser 


Kolker Chemical Corp., oe ty N. 


) 
Koppers Co., ae Tar Moraduste t Div, 
ittsburgh 19, P (L) 
L & P Tool _ Cincinnati 
io 
——- Chemical Co., Chestertown, 
M (B 


*McKesson & Robbins, Inc., Conlon 
Dept., New York 17, N. Y. 

(E, F, J, L, N) 

Miles Chemical Co., Div. of Miles 
Laboratories, Incorporated, Clifto 
New Jersey ( 

Minnesota Mining & Mfg. Co., Chemi- 
cal Division, St. Paul 6, Minnesota 


*Mitsui & Co., ‘aa, Tokyo, Japan 
Mobil Oil Co., A Div. o Socony Mobil 
Oil Co., Incorporated, New York 4 
(L 


New York 

Monsanto Chemical Co., Organic 

Chemicals Div., St. Louis 66, Mo. 
(B, D, I, K, L, N, O, P, T) 
*Muehlstein, H., & Co., Inc., New York 
17, N. Y. (O) 
Neville Chemical Co., Pittsburgh 25, 
Pa. (L) 
Nopco Chemical Co., Richmond, Calif. 
(B, C, H, J, K, O, R) 
Olin Mathieson Chemical Corp., Chemi- 
cals Division, Baltimore 3, Man 


, 


land 


Penick, S. B., & Co., New York 8, N. Y. 
s 


) 
Pennsylvania Industrial Chemical Corp. 
Clairton, Pa. (L) 
Pfizer, Chas., & Co., Inc., Plastic & 
Plasticizer Dept., New York, N. Y. 
(B, C, F, O, R) 
as “eae Chemical Co., Pittsburgh 19, 
(B, 


teichol Chemicals, Inc., White 
P , New Yor 


B, C, G, H, J, K, O, P, R) 
*Rezolin, Inc., pte Monica, California 


*Rohm & Haas Co., Philadelphia 5, * 
>, P,R 

er Corp. of Acnasta, Hicksville, 
(B, H, I, Il, O, P, OQ, R) 

ein Williams Cx. The, Pigment, 
Color & Chemical Div., New York 16 

N. Y. (O 
Sun Oil Company, Philadelphia 5 
Pennsylvania (L 
Swift & Company, Chicago 9, Illinois 
(G, H, J) 

Swift & Company, Hammond, ion nh 
H, J 

*Tennessee Products & Pe Corp. 
Nashville, Tenn. (K} 
ie Chemical Corp., Trenton 7, 
N. J. (A, B, G, 0} 
Pawtucket, 
. G, H, O, P) 
Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., New York 17, 

N. Y. (B, G, J, K, N, O, P} 
*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 
17, N. Y. (B, O, P) 
*U. S. Borax Research Corp., Anaheim, 
Calif. (D) 


Thompson Chemical Co., 
R. 1 ( B 


Wilson Petrolcoke & Carbon Co 
New York 36, N. (3) 
*Wilson-Martin, Div. e Wilson & Co., 
Inc., Philadelphia 48, Pa. 
(B, G, H, J, P, Q) 
*Witco nen Co., Inc., New York 
17,N (H, O) 
aie: Chemicals Corp., Wyan- 
dotte, Mich. (J) 


MODIFIERS AND ADDITIVES 


SOLVENTS 


Alcohols 

Amides and Amines 
Esters 

Ethers 

Furans 
Halogenated 
Hydrocarbons 
Ketones 
Nitrohydrocarbons 
Sulfur Compounds 


+t OmmoNp> 


Air Reduction Chemical & Carbide Co., 
Colton Polymers Dept., A Div. of Air 
Reduction Co., Inc., New York 17 


N. Y. ( 
Air Reduction Chemical & Carbide Co. 
Organic Chemicals Dept., A Div. 
Air . a Co., Inc., New York 
17, (A) 
Allied Gherical Cue. Nitrogen Div., 
New York 6, N. A,B 
* Allied Chemical * Plastics Div., 
New York 6, N. Y. Cc. 
American Mineral res Money Hill, 
N. J. (A, B D, G, H) 
—- Chemicals Corp., Chicage 


*Antara Chemicals, A Div. of Gener 
Aniline & Film Corp., New York 14, 
N. Y. (H) 
Archer-Daniels-Midland Co., a. 
olis 40, Minn. 
*Badische Aniline & Soda-Fabrik AG, 
Ludwigshafen/Rhine, be’ bay: 
Bios Laboratories, Inc., New York 23, 
em F (A, B.C, D.E, F, G, H, I, J) 
California Chemical Co., Oronite Div., 
San Francisco 20, Calif. (H) 
Callery Chemical Co., Pittsburgh rs 
Pa. 


Celanese Chemicals Co., Div. of Cela- 
gs Corp. of America, New is 16, 


, 2 
iChosnische Vigte cam AG. Sia 
R sen es er- 
aces eckling —— 46 
*Colorite Industrial Dyers, New York > 


cial S lv ts Re New “Tork 
Commer oiven 


N. Y. 
*Diamond Alkali Co., pe od 14, 
Ohio (F) 
*Dow Chemical Co., The, Midland, 
Mich. (A, B, C, D, F, G) 
*du Pont, E. L., “- Nemours & Co., Inc., 
ington 9 
Witesings (A, B, C, E, F, G, 
." Chemical Co., Providence 3, 
» (A, B, C, F,G, H) 
pa. 53 Chemical Products, Inc., 
Chemical Div., Sub. of Eastman 7 
dak Co., Kingsport, Tenn. (A, C,H 
= Chemical Co., A Div. of Humble 
Oi 5 Refining Co., New York 19, 
N. Y (A, C, D, G, H) 
&Farbwerke Hoechst A.G. (vermals Meis- 
ter Lucius & Briining), Frankfurt/ 
Main-Hoechst, West Comane 
(A, C, F, G, H) 
Grace, W. & Co., Hatco Chemical 
Div., Poel N. J. (A, C, H) 
Gulf Oil Corp., Petrochemical Sales 
Office, oo ork 17, N. Y. (A) 
*Harchem Wallace & Tiernan 
Inc., Belleville 9, N. J. (A, C) 


Hastings Plastics, Inc., — Mon 
( Calif ” A,C,F,H "HD 
Henley & Co., Inc., New York 1 N. Y. 


» H, 
Hercules Powder Co., Inc., Wilmington 
99, Del. (H) 





MODIFIERS AND ADDITIVES 


Hooker Chemical eh Chemical Div. 


Kay-Fries Chemicals, N. Y 
Kenrich Petrochemicals, M 


Kolker Chemical Corp., Newark 5, e : 
*Koppers rg je. Plastics Div., Pitts- 
burgh Pa. 


Tar Products pe 
O Be. (G} 
lege r= lor oar hemical Con es " 
oll ywood , 
—\ & Robbins Inc., Chorio 


New York, N 
(A, B B, C, 5, F, G, H, 
Mobil Oil Co., A Div. of Socony Mob 
Oil Co.., Inc., New York 17, N. » A m 
Mohawk industries, Sparta, N. J. 
Monsanto Chemical Co., Organic 
Chemicals Div., St. wag * 66, -F.8) 
Neville Chemical Co., Piteneghe 35 
Pa. (A, G, H) 
Olin Mathieson Chemical Corp., Chem- 
icals Div., Baltimore 8, Md. >) 
ate Chemicals Co Philadelphia 
tk. B, C, F, GD 
Pierce * Stevens Chemical Co 
falo 3, N. Y. (A, C, D, "GC. H) 
* Plastic Engineering & Chemical Co 
(A, i 
The, Chemicals Div. 


Fort Lauderdale, Fla. 
*Quaker Oats Co. 
Chicago 54, Til. (A, E) 
*Reichhold Chemicals, Inc., .White 
Plains, N. Y. (C) 
*Shell Chemical Co., New York 20, N. Y. 
(A, C, D, H) 
Sinclair Petrochemicals, Inc., New York 
20, N. Y. 
Slomons Laboratories, 
land City 1 i 
Sun Oil Co., Philadelphia 3, Pa. (G) 
Swift & Co., Chicago 9, Ill. (B) 
a Chemicals, Inc., ee 
B 
*Tennessee Products & Chemical ras 
A, 


Koppers Gx c. 


Inc., Long Is- 
. (H) 


Nashville, Tenn. 
Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., New York, 
N, Y. (A, B, C, D, F, G, H, i) 
*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 
| m BA (A, B, C, D, F, H) 
Union Oil Co. of California, Los An- 
geles 54, Calif. (G) 
*U. S. Industrial Chemicals Co., Div. of 
National Distillers & Chemical Corp., 
New York 16, N. Y. (A, C, D, F, G, H) 
Wyandotte Chemicals Corp., Wyan- 
dotte, Mich. ws F) 


Wye Industries, Boston 27, Mass. (F, G) 


STABILIZERS 


A. Light 
B. Heat 


* Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, Inc., New 
Brunswick, N. J. (A,B 

Alframine Corp., Paterson 4, N. J. (A, B) 

*American Cyanamid Co., Or ~ 
Chemicals Rw, Intermediates 
Bound Brook, N. J. A} 

* Antara Chemicals, A Div. of General 
sates & Film Corp., New York rN 


Amold, Hoffman & Co., Inc., Provi- 
dence, R. I. (A,B) 
*Badische Anilin- & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Germany 


(A, B) 
ar a Oil Co., The, Ba as 
*Chemische Werke Hiils, A.G., M 
Carole Recklinghausen), West Cox. 
#Deuteche Advance Produktion GmbH 
Bensheim, West Germany A, B) 
*Dow Chemical Co Mi 


Mich. (A 
oy. “nel Co., The, Cincinnati 1 
hio 


(A, B) 
Inc. 


” ’ 


,. Kingsport, Tenn. 
*Emery Industries, be 


Ohio (A,B 
*Ferro Chemical Corp., Div. of Ferro 
Corp., Bedford, Ohio (A, B) 
*Frank, J. P., Chemical & Plastic s 
New York 18, N. Y. (A, BY 
ss Industrial Chemicals, teaaes 


*Harshaw Chemical Co., The, Clevela: 


6, Ohio (A, B) 
*Harwick Standard Chemical Co., Akron 
5, Ohio (A, B) 
Hercules Powder Co., Inc., Wilmineinn 
99, Del. (A) 
Hooker Chemical oP» Chemical Div., 
Niagara Falls, N (A, B) 
Koppers Co., (3 Chemicals 
& Dyestuffs Div., Pittsburgh 19 
Pennsylvania A 
*Krieger Color & Chemical Co., Inc. 
Hollywood 38, Calif. (A, BY 
Mallinckrodt Chemical Works, St. Lonls 
Mites Chemical Co., The, Clevelan 
15, Ohio (A) 
Merix Chemical Co., Chicago 49, a 


*Metal & Thermit Corp., Rahway, ee 
(A, B) 


Miles Chemical Co., Div. of Miles Lab- 
oratories, Inc., Clifton, New Jermey 


*National Lead Co., New York 6, x x, 
*Naugatuck Chemical, Div. of United 
States Rubber Co., ‘Naugatuck, Cons 


Nopco Chemical Co., Newark, v ae B) 
Nopco Chemical Co., Richmond, Calif. Ty 


*Nuodex Products Co., Div. of Heyden 
a ea Chemical "Corp., E Eliza ‘ 


A, B) 
*Patent Chemicals, Inc., Paterson 4 N. Ne 


*Reichhold Granioms, Inc., ha 
Plains, N. Y (A, B) 
Sherwin-Williams Co., The, Pigment, 
Color 7 Chemical Div., "New York 
16, N. (A, B) 
Swift & b tair Chicago 9, linois 
(A, B) 


Swift & Company, Hammond, —s 


A, B) 

a Chemicals, Inc., Paterson 4 

N. J. (A, B) 

#Synthetic Products Co., Cleveland 4 i, 

o 

Union Carbide Chemicals Co., M. of 

Union Carbide Corp., New sg 
N,. Y. A 


Victor Chemical Works, Div. of Stauffer 
Chemical Company, Chicago 6, Illi- 
nois (A) 

*Witco . ao Co., Inc., 


New York 
(A, B) 


ULTRA-VIOLET ABSORBERS 


* American Setenssollanes Tham 


ee ag = 

Bound Brook, N 
* Antara Choouesis or Div. of General 

ope & oe ‘Corp., New York 14, 


Dytex' Chemical Co, Providence § 
*Dow ‘Chemical Co., The, Midland, 


Mich. 
*Eastman Chemical Products, Inc, 
Chemical Div., Sub. of Eastman Ko. 


dak Co., Kin rt, Tenn. 
*Ferro rm Chemical Co . Div. of Ferro 
Ceigy” Py Beotenl Chemicals, Yonkers, 


eau R., S.A., Basel 16, Switzer. 
iy J 


*Krieger Color & Chemical Co., Inc,, 
Hollywood 38, Calif. 
Merix Chemical Company, Chicago 49, 


Illinoi 
ee Chemicals, Inc., Paterson 4, 


WETTING AGENTS 


*Advance Solvents & Chemical, Div. of 
Carlisle ates Works, Inc., New 
Brunswick, N. J. 

Air Reduction Chemical & Carbide Co 
Organic Chemicals Dept., A Div. of 
Air Reduction Co., Inc., New York 
ty ae Ae A 

Alframine Corporation, Paterson 4, New 


walhed’t Chemical Corp., a a 2 Ani- 
line Div., New York 6 

Waeeegoen Alcolac Corp., lpsittanare 26, 

*Antara Chemicals, A Div. of General 
me & Film Corp., New York 14, 


few, Hoffman & Co., Inc., Prove 
dence, + 

*Badische Anilin- & Soda-Fabrik AG, 
Ludwigshafen/Rhine, West Germany 


Bios La Laboretories, Inc., New York 23, 

ee & Engineering Associates, 
Elkton, Md. 

Werke Hiils, A.G., Mat 

(Kreis Recklinghausen), West Ger 
many 

*Colorite Industrial Dyers, New York 
18, N. Y. 


*Deutsche Advance Produktion GmbH, 
Bensheim, West Germany 


ee Ciena Co., The, Midland, 


Drew, E. F., & Co., Inc., New York 
10, N. Y. 

*du Pont, E. I., de Nemours & Co, 
Inc., Wilmington 98, Del. 

oe Chemical Co., Providence % 


*F Le ee 
sen, West Germany 
Fiber Chemical Corp., Cliffwood, New 
Jersey 
SOeigy _Patenntal Chemicals, Yonkers, 


Hall, C. P., Co. of Illinois, The, Chi 
cago 38, Ill. 
*Harwick Standard Chemical Co, 
Akron 5, Ohio 
Houghton, E. F., & Co., Philadelphia 
33, Pa. 


A.G., Leverku- 


(For complete addresses, see Alphabetical Index, p. 1179) 
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ei 


_ 


=m. 


oe es | i ee ee 


= 


al Chemical Industries, Ltd., 
*invillbank, London S.W.1, England 
— Chemical Co., H 


Sader om Co., Inc., Philadel- 
phia 35, 
Krieger Colot & Chemical Co., Inc., 


Hollywood 38, Calif. 
Poneoe $08 Chemical Corp., Carlstadt, 


N. 
Leon + emical Industries, Inc., Grand 
Rapids, Mich. 
*McKesson & Robbins, a. Chemical 
Dept., New York, N 
Merix Chemical he ag Chicago 49, 
Illinois 
Minnesota Mining & Mfg. Co., Chemi- 
cal Div., St. Paul 6, Minn. 


— Chemical Company, Chicago 48, 
cis 

Nopco Chemical Co., Newark, New 
rsey 

oO Chemical Company, Richmond, 

‘ornia 

ox 4 cemented Corp., Jersey City 2, 

*Pennsalt Chemicals Corp., Philadelphia 
, Pa. 

*Plastics Color Co., Inc., Chatham, New 
Jersey 

—— Chemical Corp., Beacon, New 

*Reichhold Chemicals, Inc., White 

Plains, , a 


N. 
*Rohm & Haas Co., Philadelphia 5, 
Pennsylvania 


MODIFIERS AND ADDITIVES 


Sandoz, Inc., New York 13, N. Y. 
Swift & Co., Chicago 9, Ill. 
da Chemicals, Inc., Paterson 4, 


Tennessee Corp., Atlanta 9, Ga. 


Union Carbide Chemicals Co., Div. of 
sg Carbide Corp., New York, 


Victor Chemical Works, Div. of 
pad Chemical Co., Chicago 6, 


*Wilson-Martin, Div. of Wilson & Co., 


Inc., Philadelphia 48, Pa. 


Wyandotte Chemicals Corp., Wyan- 
dotte, Mich. . 


Wye Industries, Boston 27, Mass. 





Film, Sheeting, and 


Shapes 








FILM 
(Under 10 Mils) 
Acetal 
(See Polyoxymethylene) 
Cellophane 
Cellulose Acetate 
Cellulose Acetate 
Butyrate 
Cellulose Nitrate 
Cellulose Propionate 
Cellulose Triacetate 
Chlorinated Polyether 
Ethyl Cellulose 
Fluorocarbons 
Foamed Plastic 
Methyl Cellulose 
Nylon (Polyamide) 
Polyethylene 
Polyethylene Terephthalate 
(Polyester) 
Polyoxymethylene (Acetal) 
Polypropylene 
Polyvinyl Acetate 
Polyvinyl Alcohoi 
Polyvinyl Butyral 
Polyvinyl Chloride 
Polyvinyl Chloride- 
Acetate 
Polyviny! Chloride- 
Vinylidene Chloride 
Polyvinyl Fluoride 
Polyvinyl-Nitrile Rubber 
Polyvinylidene Chloride 
Styrene Polymers and 
Copolymers 
Multidirectionally Stretched 
Polycarbonate 


Acme Laminating & Plastics Co., Inc. 
Detroit, Mich. (B, C, D, }, T) 
*Allied Chemical Corp., General 
ical Div., New York 6, N. Y. (I, L) 
* Indicates Advertiser 


A. 
B. 
C. 
D. 
E. 
F, 
G. 
H. 
I. 
J. 
K. 
L, 
M. 
N. 
O. 
P. 
Q. 
R. 
S. 
T. 
U. 


Allied Nucleonics Corp., sent, 
Calif. L, M) 
—— Viscose Corp., Phi sdeiphia 
Applied Research & Development 
Corp., Chippewa Falls, Wis. (C, J, Z) 
Armen, Inc., Long Island City 2, N. S 


Associated Rubber A Plastic Co 
New York 51, N. Y ria! 
*xAuburn Plastic Engineering Pie 
9, Til. (B, C, I, L, M, T, U, Y) 
*AviSun Corp., Marcus Hook, Pa. (P) 
Bemis Bro. Bag Co., St. Louis 2, me 


Bonny Mfg. Corp., Maynard, Mass (I) 

*Cadillac Plastic & Chemical Co., De- 

troit 3, Mich. (B, C, H, i, L, M, N) 

Q, R, T, Z) 

*Campco Div. of Chicago Molded Prod- 
ucts Corp., Chicago, IIl. 

(B, C, M, P, Z) 


Canton Containers, Inc., Canton 7 
Ohio (Mj 
a Industries, Inc., Kenilworth 
N. J. (i, L) 


Carolan, K. T., & Co., Inc., a 


N. J. 
Carolina Industrial rong 2 oy. Essex 
Wire Corp., Mt. Airy, N (T) 
Cee-Jay Extruders, Inc., Ad Hye 
Park, N. Y. (L, M, P) 
Celanese Plastics Co., Div. of Celanese 
Corp. of America, Newark 2, N. SJ; 
Chemplasco, Inc., Cincinnati, ae "(M) 
Chippewa Plastics Co., Div. of Rexall 
Drug ¥§ Chemical "Co., 4 BD 
Falls, W: 
Clopay — Cincinnati ~ Oe 


*Colonial Kolonite Co., Chicago 47, Ill. 
(B, C, M, P, T) 

Columbus Coated Fabrics Corp., Co- 
lumbus 16, Ohio (T, U) 
Com > Plastics & Supply Corp., 


12. BG, LL, M, 7, U) 


*Cooke Color & Chemical Co., 


Continental-Diamond Fibre Corp., Sub. 
of The Budd Co., Newark, "Del. (D 
Continental Extrusion Corp., Brooklyn 
o> & (M) 
Hack- 

ettstown, N. J (M) 
Crane Packing Co., Morton Grove, ri 


Crown Zellerbach Corp., Western Wax- 
ide Div., San Leandro, Calif. (M) 
Davidson Products Co., Seattle 9, 
Wash. (M) 


—- oseph, Plastics Co., 
Ni bc H MP ys 


Dayco Corp., The, Dayton, Ohio (J) 
Daylite Industries, Brooklyn 11, N. Y. 
(Cc, Q, T, Z) 

Deerfield Plastics Co., Inc., South Deer- 
field, Mass. (M) 
Dixon Corp., Bristol, R. I. (D 
Dobeckmun Co., The, A Div. of The 
Dow Chemical Co., Cleveland 1 
Ohio (Mj 


*Dow Chemical Co., The, M 
Mich. (H, K MZ 


*du Pont, E. L, a os ee 
Inc., Wilmington 98, Del. 
(A, B, I, 5 M, N, S, W) 
Dyna-Foam Div., Sun Chemical Corp. 
Ellenville, N. Y. aii} 
*Dynamit Nobel AG, Troisdorf/K6l 
er cae »M, T, U3 
*Eastman Kodak Co., Rochester 4, N. Y. 
Ellay Rubber Co., Los Angeles 21 
Calif. (T) 
Elm Coated Fabrics Co., Inc., New 
York 16, N. Y. (P, T, U, X) 
Erinoid, Ltd., London, England (Z) 
m—, Leather Corp., New York 1 


(T, Vj 

*Farbenfabriken-Bayer, A.G., Leverku- 
sen, West Germany (C, F, BB) 
‘aoe , ome Ac. Ny me 
furt/Main-Hoechst, West ' ‘Germany 
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FILM, SHEETING, AND SHAPES 


Fassom Products, Painesville, Ohio 
B, N, T) 
Favorite Plastic Corp., Brooklyn 1 


N. Y. 
Federal Industries, Belleville 9, N. 
Fersons Industries, Inc., New York 1 
N. Y. , US 
Firestone Plastics Co., Pottstown, Pa. 


(M, 
Flexible Packaging Div., Continen 
Can Co., Inc., Mt. Vernon, se 


(L, M, P) 

*Flex-O-Glass, Inc., Chicago 51, tl. 
( . M, T, U) 
Fluorocarbon Co., The, Calif. 


Food Film, Inc., Caldwell, N. J. 


(I, M, T) 

*Foster Grant Co., Inc., Leominster 

Mass. (L, a 
*Frank, J. P., Contes & Plastic Co: 
New York 18, (M, 

F mene Plastic mo ‘Corp. F oop 


eo... Plastics, Div. of Studebaker- 
og Corp., Kenilworth, N. J. (M) 
otihala Bros. Co., The, Gilman, Cos. 


Goodrich, B. F., Industrial Products 
Co., Akron 18, Ohio (M, T) 
Goss r Tire & Rubber Co., Films 
looring Div., Akron 16, Ohio (T) 
Pen Lacey Chemical Products Co., 
Inc., Maspeth 78, N. Y. (T, U) 
Grace, W. R., & Co., Cryovac Div. 
Cambridge, "Mase. (M, Y} 


Great Bay Chemicals & Plastics, Inc., 
Sub. oy Chemicals, Inc., New 
York 1, (M, T) 

*H & R Sa Industries, Inc., Naza- 
reth, Pa. ‘dL, M, P, Z) 

Halogen Insulator & Seal Co 
Franklin Park, 7 

Harte & Co., Inc., New York, N. Y. (M) 

*LC.1. (Hyde), Ltd., Sub. of Imperial 
Chemical Industries, Ltd., Cheshire, 
England (T, UV) 

*Imperial Chemical Industries, Ltd., 
Millbank, London 5S.W.1, cans 


Intraplast Mfg. Co., New York 13, 
N. Y. (M, T) 

Joanna Western Mills Co., Chicas 
32, I. 


Joclin Mfg. Co., Wallingford, Conn. (1) 
Kal Plastics, Inc., Beaverton, _ 


Kaye-Tex Mfg. Corp., Te le, N. J 
Keystone Packaging Fe ng So ] Phil- 
lipsburg, N. J. (A, B, M, N) 
*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany (M, P, Q) 
* pers Co., Inc., Plastics Div., Dure- 
ene Plant, Chicago 38, Ill. (M) 
Koodiee Co., Macedon, N. Y. (M) 
L & P Tool Co., Cincinnati, Ohio  (T) 
Lamex, Inc., Norcross, Ga. (M) 
Leathertone, — 14, Mass. 


Linehan & Co., Dallas 7, Texas (B) 
Ludlow Plastics, Needham Heights 94, 
Mass. i, L, M, P) 
Marbek, Inc., Brooklyn 22, N. Y. (T) 
Maynard Plastics Co., Inc., Salem, 
Mass. (M, P) 
Mehl Mfg. Co., Cincinnati 2, Ohio (M) 
Metallic Plastics Corp., Lon nae 
City 1, N. Y. (T, U, V) 


* Indicates Ad 





ae o Inc., 


* Raybestos-Manhattan, Inc., 


Metsepetye Plastics Corp., Brookl 
Micron, Plastics Corp., Brooklyn 38 
Midwest Plastic Products Co., Chica 


Heights, Ill. (B, C, M, P, 
M Adhesives Corp., Bellmore 


N. Y. Q, 1} 
*Mono-Sol Co Gary, Ind. (R 
* Monsanto Chemical Co., Plastics Div. 


Springfield 2, Mass. (B, S, T) 
Morgan Adhesives Co., 


| & ® A (T, U) 
Multi-Stretched Films, Inc., Chicago 2, 
mi. AA 
Munray Products Div., The Fanner 


Mfg. Co., Cleveland 35, Ohio 
J P, . A VU) 


*Nagahama Plastics Industries, Ltd, 


Tokyo, (M) 
National Pestie Films, Inc., Ottawa, 


Kan. «. . 
Natvar Corp., Woodbridge, 


*Naugatuck Chemical, Div. of Uni 


States Rubber Co., Nauga 
Conn 


WNisze-Belirte Chemicals, Inc., Nixon, 


(B, C, D, E, N, e, » U, Z) 


*Nopco Chemical Co., Plastics Div., N. 
Arlington, N. J. (J) 


Novelty Bias Binding Co., Chelsea, 
Mass. (T) 
Nylon Molding Corp., mmeen’ % bj 
Olin Packaging Div., Film Operations, 
New York 22, N. Y. (A, M) 
Pantasote Co., The, Passaic, N. J. 
(T, U) 
Permacel, New Brunswick, N. J. (I) 
Plastex Process Co., Maywood, N obj 
Plastic Extrusion & Engineering Co., 
Inc., Westboro, Mass. tr, V) 
Plastic Film Co., Inc., New York, N. Y. 
(M, Q, T) 
i) Laminating Corp., Vauxhall, 


*Plastic Stamping Corp., Chicago 47, — 
(N 


Plax Corp., Hartford 1, Conn. (Z) 
Plicose Mfg. Corp., Brooklyn 22, N. Y. 
(M, P) 

Polyethylene Corp. of America, Cran- 
bury, N. J. (M) 
Polyken Sales Div., The Kendall Co., 
icago 6, Ill (M) 
feene Corp. of Pa., ™ Reading 


Reading, “a 
G, I, L, BB) 
Polytex Corp., Hoboken, N. J. (M, T) 
Protective Lining Corp., Brooklyn 31, 
N. Y. (B, M, US 
Rand Rubber Co., Brooklyn, N. Y. (T) 
Raritan Plastics Corp., Oakland, N. 3; 


Reinforced 
Plastics Dept., Manheim, Pa. (I, M, N) 
Reeves Bros., Inc., New York 18, N. Y. 
(L, P) 

Reliance Plastic & Chemical Corp., 
Paterson 26, N. J. (M) 
Rex Plastics, Inc., Thomasville, wy: 
M) 

Reynolds Metals Co., Plastics Div., 
Richmond 28, Va. (R, T) 
Robeco Chemicals, Inc., New York, 
N, Y. (T) 


Ross & Roberts, Inc., Stratford, on 


Rowland Products, Inc., Kensingt 
Conn. @B, , E, T, Bi 
a Corp. of America, Hick 


(T, 
Roda Plastic Fabrics Corp., Broo 
satel on Corp., Matawan, N. 
Sawaya Mfg. Co., Inc., Trinidad, oe 


*Scranton Plastic mee 
Scranton 5, Pa. ‘ony 


Seal-Peel, Inc., Sioyal Oak & Mich 


SteRuting Rubber Co., aaa! 
Newcomerstown, Ohio (M, P, T, br, 
Shamban, W. S., & Co., Culver 
Calif. G, I, L, O, 
Shore Line Industries, Inc., 
Conn. 


Cote Plastics Co., Columbia 1, 


&GHKLMP.OT.UD 
Sun Steel Co., Chicago 36, Ill. (7) 
ba - a Tape Corp., New Roche 


ae | Inc., Inglewood 1, cue. 


L, P) 
Tex-Trude, Inc., Houston 17, Texas 


*Transilwrap Co., Chicago 40, Ill. 

(A, B, C, F, L, M, N, R, T, Z) 
Trans-Poly Corp., Mt. Vernon, we Y. 
M) 
*Union Carbide International Co., Diy. 
of Union Carbide Corp., New York 

17, N. Y. ; 
*Union Carbide Plastics Co., Div. of 
Union Carbide Corp., New York 17 
N. Y. (S, Uj 
United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Man- 
hattan Beach, (R) 
United States Gasket Bui ngs a Div. 
of Garlock, Inc., Camden, N ¢ ; 
L 


Virginia Plak Co., New York 16, NG 


Visking Co., Div. of Union Carbide 
Corp., Chicago 38, Il. (M, P, Z) 
Webster Industries, Inc., Salem, a 


* Westlake Plastics Co., Lenni Mills, Pa. 


’ ’ 


Worbla, Ltd., Papiermuhle-Bern, Switz- 
erland 


FILM, EMBOSSED 


Allied Engravin & Stamping Co. 
Buffalo 10, N. Sy _ 


Associated A Tal & Plastic Corp. 
New York 51, N. Y. 


Barr Corp., The, Richmond Hill, N. Y. 
ONT Product Co., Inc., Secaucus, 


Canton Containers, Inc., Canton 7, 


hio 

Chippewa Plastics Co., Div. of Rexall 
Drug & Chemical Co., Chippewa 
Falls, Wis. 

Clopay Corp., Cincinnati 14, Ohio 


Cues Products, Inc., Englewood, 
J 


Columbus Coated Fabrics Corp., Co 
lumbus 16, Ohio 

Crowl Chemical Corp., El Monte, Calif. 

Dobeckmun Co., The, A Div. of The 
Dow Chemical Co., Cleveland 1, 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Dorrie Process Co., Inc., Brooklyn 22, 
N. Y 


Dow Chemical Co., The, Midland, 
Mich. 
Efka Plastic Corp., Hoboken, N. J. 
Elm Coated Fabrics Co., Inc., New 
York 16, N. Y. 
“% Leather Corp., New York 1, 
Y. 


ae Corp., Sub. of Son Chemical 
Corp., Paterson 20, J. 
*Farbwerke Hoechst = (vormals 
Meister Lucius & Briining), Frank- 
furt/Main-Hoechst, West Germany 
Firestone Plastics Co., Pottstown, Pa. 
Flexcon Co., Inc., Spencer, Mass. 
*Frank, J. P., Chemical & Plastic Corp., 
New York 18, N. 
Gomar Mfg. Co., — ‘Linden, N. J. 
Goodrich, B. F., Industrial Products 
Co., Akron 18, Ohio 


Goodyear Tire & Rubber Co., Films 
and Flooring Div., Akron 16, Ohio 


Gordon-Lacey Chemical Products Co., 
Inc., Maspeth 78, N. Y. 


Great Bay Couhags & Plastics, Inc., 
Sub. of Cary Chemicals, Inc., New 
York 1, N. Y. 

Harte & Co., Inc., New York 16, N. Y. 

Herculite Protective Fabrics, Newark 
7, N. 


*LC.L (Hyde), Ltd., Sub. of Imperial 
Chemical Industries, Ltd., Cheshire, 
England 


Intraplast Mfg. Co., New York, N. Y. 
Joanna _ Wotan Mills Co., Chicago 
32, Til. 


Kaye-Tex Mfg. Corp., Yardville, N. J. 
ey pers Co., Inc., Plastics Div., Dure- 
ene Plant, Chicago 38, Ill. 
ededionn Inc., Boston 14, Mass. 
Marbek, Inc., Brooklyn 22, N. Y. 


Metallic Plastics Corp., Long Island 
City 1, a 


Pantasote Co., The, Passaic, N. J. 
—_ Converters, Inc., Homewood, 


Plicose Mfg. Corp., Brooklyn 22, N. Y. 

Polytex Corp., Hoboken, N. J. 

—_ Printing Co., Inc., Ridgefield, 
N. J. 


mae Chemicals, Inc., New York, 


Ross & Roberts, Inc., Stratford, Conn. 
— Corp. of America, Hicksville, 


Rudd Plastic Fabrics Corp., Brooklyn 
20, N. Y. 


Sun Steel Co., Chicago 36, Il. 
*Transilwrap Co., Chicago 40, Il. 


*Union Carbide International Co., Div. 


of Union Carbide Corp., New York 
17, N. Y¥. 


Visking Co., Div. of Union Carbide 
Corp., Chicago 38, Il. 


FILM, METALLIZED 


Acme Laminating & Plastics Co., Inc., 


Detroit, Mich. 


All Purpose Roll Leaf Corp., Paramus, 
“4 Product Co., Inc., Secaucus, 


Onin Products, Inc., Englewood, 


*® Indicates Advertiser 


* Farbwerke 


is ae e Co., 
—<— . Civdey Ltd., ‘er “ Imperial 


Dobeckmun Co., The, A Div. of The 

ho 6 Chemical Co., Cleveland 1, 
oO 

Dorrie Process Co., Inc., Brooklyn 22, 


N. Y. 
Fabric Leather Corp., New York 1, 


Hoechst A.G.  (vormals 
Meister Lucius & Briining), Frank- 
furt/Main-Hoechst, West Germany 

Fasson Products, Painesville, Ohio 

Flexible Packaging Div., Continental 
Can Inc., Mt. Vernon, Ohio 

Gomar Mfg. Co., Inc., Linden, New 
Jersey 

Const Bay Chemicals & Plastics, Inc., 

b. of C A! Chemicals, Inc., New 
_ 5 


Inc., Philadelphia 3, 


Industries, Li , Cheshire, 
jorite Mfg. Co., Wallin ~ aa Conn. 


*Lamart Corp., ‘on, 


Marbek, Incorporated, Bisoklyn 22, 
New York 
Mame ne Corp., Long Island 
City 1 
Morgan Adhesives Co., The, Mac Tac 
Div., Stow, Ohio 
Robeco, Chemicals, Inc., New York 10, 


Ross & Roberts, Incorporated, Stratford, 
Connecticut 

Tetrafluor, Incorporated, Inglewood 1, 
California 


*Transilwrap Company, Chicago 40, 


Illinois 


FILM, PERFORATED 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 

Bemis Bro. Bag Co., St. Louis 2, Mo. 

Canton Containers, Inc., Canton 7, 
Ohio 

Costing Products, Inc., Englewood, 


Dobeckmun Co., The, A Div. of The 
ro ed Chemical Co., Cleveland 1, 
oO 


i Leather Corp., New York 1, 
5 


Fn 57 Hoechst A.G. (vormals 
Meister Lucius & Briining), Frank- 
furt/Main-Hoechst, West rmany 

*Frank, J. P., Counted & Plastic Corp., 
New York 18, N. Y 

Kordite Co., Slacaien, N. Y. 

Metallic Plastics Corp., Long Island 
City 1, N. Y. 

Plicose Mfg. Corp., Brooklyn 22, New 
York 

Reynolds Metals Co., 
Richmond 28, Va. 

ae. W. S., & Co., Culver City, 

alif, 

Tetrafluor, Inc., Inglewood 1, Calif. 

*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 
17, N. Y. 

Visking Co., Div. of Union Carbide 
Corp., Chicago 38, Ill 
Webster Industries, Inc., Salem, Mass. 


Plastics Div., 


FILM AND SHEET, 
BIAXIALLY ORIENTED 


A. Polypropylene 
B. Styrene 
Cc. Vinyl 


Ohio 
*Dow Chemical Co., The, Midland, 
Mich. (B) 


*Farbwerke 


FILM, SHEETING, AND SHAPES 


than Plastic Engineering, Chicago 9 


Daylite Industries, Brooklyn 11, N. “a 


Dobeckmun Co., The, A Div. of The 
Dow Chemical Co., Cleveland a 


Hoechst A.G. (vormals 
Meister Lucius & Briining), Frank- 
furt/Main-Hoechst, West wo 

Fasson Products, Painesville, Ohio (B) 

Natvar Corp., Woodbridge, N. J. (B) 

Plax Corp., Hartford 1, Conn. (B) 

a Metals Co., Plastics Div., 

ichmond 28, Va. (C) 

_— Chemicals, Inc., New York 10 


(C} 


pthenditiile Co., Chicago, Ill. (B) 


LAMINATES 
(Film-to-Film, Film-to-Paper, etc.) 


Allied aing, & Stamping Co., 
Buffalo 10, N. 
Alameda, 


Allied og Ba Corp., 
Calif. 
Armen, Inc., Long Island City 2, N. Y. 
Barr Corp., The, Richmond Hill, N. Y. 
, Arthur, & Co., Inc., Boston 15, 
ass. 


Chase Bag Co., New York 17, N. Y. 
Conan Fiber Glass Co., El Monte, 


Clopay Corp., Cincinnati 14, Ohio 
Conting Products, Inc., Englewood, 


Columbus Coated Fabrics Corp., Co- 
lumbus 16, Ohio 


Contour Patkaging Co., Manayunk, 
Philadelphia 27, Pa. 


Cromwell Paper Co., Chicago 1, Ill. 
Crowl Chemical Com.. El Monte, Calif. 
Crown Zellerbach Corp., Western Wax- 
ide Div., San Leandro, Calif 
Curry Arts, Scranton 9, Pa. 
a ag | Joseph, Plastics Co., Kearny, 


Dobeckmun Co., The, A Div. of The 
aoe Chemical Co., Cleveland 1, 
° 


+ ie Co., Inc., Brooklyn 22, 


Efka Plastic Corp., Hoboken, N. J. 
lectro-Technical Products Div., Sun 
Chemical Corp., Nutley 10, N. J 

Elm Coated Fabrics Co., Inc., New 
York 16, N. Y. 

ra, Leather Corp., New York 1, 


Facile Corp., Sub. of Sun Chemical 
Corp., Paterson 20, N. J. 

Fasson Products, Painesville, Ohio 

— Industries, Inc., New York 1, 


Flexcon Co., Inc., Spencer, Mass. 
Flexible Packaging Div., Continental 
Can Co., Inc., Mt. Vernon, Ohio 
*Frank, J. P., Chemical & Plastic Corp., 

New York 18, N. Y. 

Gomar Mfg. Co., Inc., Linden, N. J. 

Gordon-Lacey Chemical Products Co., 
Inc., Maspeth 78, N. Y. 

Great Bay Chemicals & piosion, Inc., 
Sub. Sev Chemicals, * New 
York 1, N. Y. 





FILM, SHEETING, AND SHAPES 


*H & R Plastics Industries, Inc., Naza- 
reth, Pa. 

Harte & Co., Inc., New York 16, N. Y. 

— Protective Fabrics, Newark 


Medynen Rubber Co., Framingham, 


Pv. (Hyde), Ltd., Sub. of Pm 
Ghonien! Industries, Ltd., Cheshire. 
n 


|. Paper Co., New York 17, 
net Mfg. Co., New York 13, 
jomna Western Mills Co., Chicago 82, 


Kaykor Industries, Inc., Yardville, New 
ersey 
*Lamart Corp., Clifton, N. J. 
Leathertone, Inc., Boston 14, Mass. 


Later Plastics, Needham Heights 94, 
ass. 


Marbek, Inc., Brooklyn 22, N. Y. 
Maynard Plastics Co., Inc., Salem, 


Mass. 


Metsiiio Fietes Cmp, Lang Mand 


City 1, 
Minnesota cad & Mfg. Co., Irving- 
ton Div., St. Paul 6, Minn. 


Morgan Adhesives Co., The, Mac Tac 
Div., Stow, Ohio 


Pantasote Co., The, Passaic, N. J. 
Fiase Converters, Inc., Homewood, 
Il. 


Plastic Film Co., Inc., New York, N. Y. 
Plastic Laminating Corp., Vauxhall, 
N. J. 


Portage Plastics Co., Inc., Portage, Wis. 
Protective Lining Corp., Brooklyn 31, 
N. Y. 


Rainier Plywood Co., Tacoma, Wash. 


Reynolds Metals Co., Plastics Div., 
Richmond 28, Va. 


nie Printing Co., Inc., Ridgefield, 


*Riegel Paper Corp., New York, N. Y. 


Riegel Paper Ds .. Lassiter Div., 
Paterson 3, N. J. 


Roltex Process Com. Roselle, N. J. 
Ross & Roberts, Inc., Stratford, Conn. 
7 Corp. of America, Hicksville, 
N, Y. 


Rudd Plastic Fabrics Corp., Brooklyn 
20, N. Y. 

Schjeldahl, G. T., Co., Northfield, 
Minn. 


*Scranton Plastic Laminating Corp., 
Scranton 5, Pa. 


Sout Plastic Laminators, Seattle 8, 
Shamban, W. S., & Co., Culver City, 
Calif 


Sierracin Corp., The, Burbank, Calif. 

*Standard Insulation Co., Inc., E. Ruth- 
erford, N. J. 

Sun Steel Co., Chicago 36, Ill. 

Tetrafluor, Inc., Inglewood 1, Calif. 

Tuff-Clad, Inc., Kent, Ohio 

United Laminations, Inc., Mayfield, Pa. 

Virginia Plak Co., New York 16, N. Y. 

Wasco Products, Inc., Cambridge, Mass. 

es amy Print Works, Inc., Trenton, 


Willson Camera Co., Havertown, Pa. 
% Indicates Advertiser 


RODS, TUBES, SHAPES 


Acetal (See 
Polyoxymethylene) 
Acrylate and Methyl 
Methacrylate 
Casein 
Cast Phenolic 
Cellulose Acetate 
Cellulose Acetate 
Butyrate 
Cellulose Nitrate 
Cellulose Propionate 
Ceramoplastic 
Chlorinated Polyether 
Epoxy 
Ethyl Cellulose 
Fluorocarbons . 
Glass Bonded Mica 
Nylon (Polyamide) 
Polycarbonate 
Polyester, Cast 
Polyethylene 
Polyoxymethylene 
(Acetal) 
Polypropylene 
Polystyrene 
Polyvinyl Alcohol 
Polyviny! Chloride 
Polyvinyl! Chloride- 
Acetate 
Polyvinylidene 
Chloride 
Silicones 
Styrene Copolymers 


Nx x» 3<Snw w~pO~POZErAr-~TOm mOND > 


> 
> 
> 
; 
2 
? 
~< 
= 
= 


Sz 
xyz 


Nu NX N< WE Ni 


D, E, F, G, K, L, 
A.B.S. Mfg. Co., Inc., N 
N. Y. 


Acadia Plastics, Inc., New 
(A, D, E, G, K, N, O 


*Ace Plastic Co., Jamaica 
(A, C, D, E, Er! N, O, 
Action Plastics, Inc., Pa 
'E, N, Q, 
Aircraft Specialties Co., Inc., 
ville, N. Y. 
Ane Nucleonics Corp., 
alif. (L, N, Q, T, 
AlL-Tch Industries, Inc., Miami s 
Alpha Plastics, Inc., —— on, N. ud 
Amercoat Corp., South Cate, re, J) 
American Agile Corp., — one 


American Hard Rubber Co. Div. of 


orn Co: 
eee cw oS | ae 


thochor atc, Co., ine. yd Island 
ty 6 

(A, D, E, G, K, N, O, Q, S, T, Y, Z) 
oe | Plastic Engineering, Chicago 


A, D, E, L, N, P,Q BT, W, X) 
A Plasti Inc. Auburn, N. ; 
oie Ds E.G, KN, 0, 0, 8, ’ +V.5 
win Extruded Prod 
Calif, EGOOk DV ys 
Belon Chemical Co., Inc. Cranston 10 
"@ $, T, Vj 
Siam. Peal, Co. Buffalo 10, N. Y. (A) 


‘ 
: 


£ 
vER 
SAz5 


K 


[*) 


<zHA 


ef 


Bolta Products ay The General Tire 
& Rubber Co., Lawrence, Mes. (V) 
Bonny Mfg. Corp., aan, nn 


Bae nt Cos The, New 
*Busada Mfg. Corp., Flushing 


*Cadillac Plastic & Chemi 
troit 8, Mich. (A, 


=. 


Ss Rz 
Frs- 


<2 
(-) 


cote 


Chemtron Fiber Glas Cs, EM 


Chicago Wood & Plastic i hs 
Se GB FO, K, N. 0.0 
Clearfloat, Inc., Attleboro, M : 


oe ST eae 


Colonial Plastics Mfg. Co., nll 
4, Ohio (Vv) 
Copgmenstal Plastics Chicago 14, 
Il. (A, D, E, G, KN, OST y 
*Commercial Plasti cei 
New York ha oa oa 3 
*Conneaut Rubber & wy o Con- 
Oumiinal a FS A b bs 
of The Budd Co., N on 


*Cont Extrusion Co., M 
Corroplast, Inc., Passaic, N. J. (S, V) 


Crane Packing Co., Morton ~ 


eee 
Crescent Plastics, Inc., 


Pe (DEN, 0.3,V. XD 
Davidson Products Co., Seattle Ww 
Wash. De . V, 


*Davis, Joseph, Plastics a 
N. J. (D, E, KC O. S, T, 
Dayco Corp., The, Dayton, Ohio () 
Daylite niet, Brooklyn 11, N. Y. 

(A, D, E, O, T, V, W,2 

Dekoron Products. Div., Samuel Moore 

& Co., Mantua, Ohio (Q, Vv) 

*DeWitt Plastics Div. 5, Shoo Form on 

Inc., Auburn, N 

Dielect, Inc., a (P) 

Dixie Plastics Mfg. Co., New Orleans 

&, Q, S, T, V, 2 

<— Corp., Bristol, R. I. () 
Duall Plastics, Inc., Athol, Mass. 

(, E, K, L, N, Q, S, T, V, 2 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Inc., Arcade, N. P) 
oo” Nobel AG, Tecietort Kola, 

st Germany 

West wer™(C, D, F, N, P, T, V; W) 

6,8.) 

t 

aly Mechanics, — Ciitton 

N, J. (L, M) 

Emerson & Cuming, Inc., Canton, 
Mass » 4s 

Ph. oceal Plastics Corp., Bronx 61, 
N. Y. ’ 

#Engineering Laboratories, Inc., Pomp- 
ton are ? 4 

t onaon, 

Erinoi (A, B, D, a 7, Vs 2 
tron Corp., Knoxville 21, Tenn. ( 

BE Products Corp., Ruthecfoed, ty ‘dj 


Fluorocarbon Co., The, pan. 9 Call 


Eclipse Plastic Industries, ty 


Plastics, Inc., Div. of Flexrock 
_— Philadelphia 46, Pa. L) 
Pm Plastics, Inc., Los Angeles 39, 
Calif. 
tule Industries Co., Middlefield 
nl Plasti I Kalamazoo 
Genera astics, Inc., % 
Mich. (Q, S, V, W) 
Genesee Laboratory, Inc., Anbar, 
N, Y. 
Glamorgan Plastics, Div. of Glamorgan 
Pipe & Foundry Co., Da Wk % 
Glasflex, Inc., Stirling, N. a 
*Glass Laboratories, = rooklyn 7” 
y. (A, D, E, K, N, O, QO, S > a 


eateieh, B. F., Industrial Prodincts 
Akron 18, Ohio (V) 


*H . R Plastics Industries. Inc., Naza- 


reth, Pa. (A, N, Q, §, T, X, Z) 
a | Mts, Cor. Paramus, 


. i. 
O, $s, T. Vv. 2 
Halogen Insulator & Sea ‘Corp., Frank- 
lin Park, Til. le 
Haveg Industries, Inc., Wilmington 8, 
Del. (M) 


Hercules Powder Co., Inc., Explosives 
Dept., Wilmington ‘99, Del. (L, % 
Homalite Corp., The, Wilmington 4 
Del. (P) 

Grenloch, N. J. 
(N, O, R) 


Roselle, N. \ x.0.8,V) 


*Hysol Corp., Olean, N. Y. (J) 
*Imperial Chemical Industries, Ltd. 

Millbank, London S.W.1, Engand 
Industrial Plastics Corp., Elkhart, ot 
Industrial Plastics & Equipment Co., 

Orange, N. J. (L} 
Industrial Sales ron aw York 


17, N. Y. A,D 
S, T WwW. 
Industrial Vinyls, ne, and a Ta 
(A, E, Q, S, T, V, Z) 
Jacobs, H H. G., Mfg. Co., Inc., Paterson 
N 


Hyde, A. L., Co., 


Hydrawlik Co., 


, . > J 


Div. of The Electric 
Battery Co., Kensington, 


kJessall ne 
Storage 

Conn. 
(A, D, E, G, K, N, Q, R, S, T, V) 
Jet Specialties Co., Inc., Los Angeles 
63, Calif. (A, D, E, N, Q, S, V, Z) 
Joclin Mfg. Co., Wallingford, Conn. (L) 
Jodee Plastics, Inc., Brooklyn 8, N. Y. 
ADEE. Gs ae 
X, Z) 


*Johns-Manville, New York 16, N. Y. 
(L, Y) 


K-S-H Plastics Inc., High Ridge, Mo. 
( J E, K, Q, S, T, V, Z) 


* Indicates Advertiser 


*Kleinewefers, Joh., 


Séhne, Krefeld, 
West Germany (A, D,N, O, Q, S, 
T, V, W) 
Kraloy-Chemtrol Co., ae Ana, ry 
V 
L & P Tool Co., Cincinnati a, 0,¥) 
ead Industries, Inc., Farmin r 
N 
Lavorazione Materie Plastiche, s.AS., 
Turin, Italy (Q, S, Vv} 
— Plastics, Inc., Fort Worth 14, 
Texa: (E, Q, T, v) 
Linehan & Co., oe 7. Texas 
D, E, Q, T, W, Z) 
Lusteroid Cattatnns Co., Inc., Maple- 
wood, N. J. D, E, F, G, 2? c 
Lus-Trus Corp., Ypsi -~ Mich. 
E, I, K, N, O, QO, R S, T, V, X x 23 
ar ay ag Easton Plastic Products 
Easton, Pa. (V) 
sMarbiete : Corp. The, Long Ieland Oy 


1, 
Mazkel L Frank, & _ Norristown, 
Pa, L, N, Q, V, Y) 
Marken Plastic Corp., ton fogres 59, 
Calif. (E, S, T, V, W, Z) 
Maynard a ae Co., Tag Salem, 
Mass. _ (D, E, K, QO, S, T, V, W, Z) 
*Mayon Plastics, Ho okins, ‘Minn. (Q, V) 
Mazzucchelli Celluloide S.p.A., Cas- 
tiglione Olona (Varese), Italy 


» F, Q, T) 

Mehl Mfg. Co., Cincinnati 2. Ohio (Q) 
Minnesota Mining & Mfg. Co., Irving- 
ton Div., St. Paul 6, Minn. (L, Q, V) 
ae Adhesives Corp., more, 


(V) 
—— Rayon Co., Ltd., Tvs, 
Z) 


Jap 
nasele ‘Chemical Corp., its San a 
cisco 10, Calif. (OQ, T, V, W, X, Z) 
Munray Products Div., The Fanner 
Mfg. Co., Aomwex Ohio 
(A, D, E O'S. TVW 2 
*Mycalex Corp. of America, Clifton, 
N. J. (H, M) 
*Nagahama Plastics Industries, Ltd., 
Tokyo, Japan (Q, V) 
*National Plastic Products Co., The, 
Odenton, Md. Q, ; * Z) 
National Plasticrafters, Inc., Sub. of 
National Lock Co., ees, Wis. 
Natvar Corp., Woodbridge, N. J. 
(Q, S, V) 
New England Tape Co., Pye. Mow, 
(D, E, N, S, T, V) 
New Plastic Corp., Los An Se " 38, 
Calif. i, P, Y) 
*Nixon-Baldwin Chemicals, Inc., Nixon, 
N, . ’ , > 
Northland Plastics, Inc., Sheboygan, 
Wis. (V) 
Novelty Bias Binding Co., Chelsea, 
Mass. (V) 
Nylon Molding Corp., Garwood, N. J. 
«Nj 


Owens Plastics Co., The, Kansas City 
26, Mo. (QO, V, Z) 
a Nye Co., The, Akron 10, 


Pennsylvania Fluorocarbon Co., Inc., 
Philadelphia 4, Pa. (L) 
Perfex Plastics, Inc., Chicago 16, IIl. 
(A, D, E, CG, K, N, Q, S, T, V, Z) 
Permacel, New Brunswick, N. J. (L) 
Permanent Label Corp., Bloomfield, 
N. J. (Q, R, S) 
Plasteel Corp., Inkster, Mich. (V) 
*Plastex Co., The, Columbus 24, Ohio 
(A, D, E, K, Q, T) 

Plastic ay a Products Co., Eliza- 


beth 1, N. J. 
’ (A; D, E, K, Q, S, T, V, Z) 


a. 
*Polypenco, Inc., neon, © 


( 
*Raybestos-Manhattan, Inc., 


*Rotuba. Extruders, Inc., 
N. Y. 


*Sunlite Plastics, Inc., 
Wis. 


FILM, SHEETING, AND SHAPES 


Plastic Extrusion & Engineering Co., 
Inc., Westboro, Mass. 
(D, E, N, Q, S, T, V, Z) 
Plastic Process Co., Div. of Monadnock 
Mills, Los Angeles 45, Calif. 
N, 0, S, T, V, Z) 


a Stamping ‘C ‘Con. Citengo "47, 


O, RB, S 

PW. Y, Z) 

sr Extrusion Corp., Colunabus tz 
Plastics Industrial ee Ae 4a 
body, Mass. , Oo 8,'V) 
Poly Industries, Inc., Pacoima, Cal Calif. 
( Vv 

Polycast Corp., The, ener ay 
(A, P, T, Z) 

os Plastics Co., Smithtown, 
7 S, T, X) 
Polyform Plastics Corp., Nev York 3, 


Q, V) 
Felten Plastic Co., Walkerton, Ind. 
Polymer Corp. of Pa., 


The, Renting, 
(I, x , O, Z) 


3 N, O, Z) 
Chicago 7, Il. 
K, N, O, T, V, W, x, Z) 
Quick os bee Baad Ouick Plastics Div., 
Jackson, Mich. 

me & KO: & TV, Z 

Reinfo 
Plastics Dept., Manheim, Pa. (L) 
Reeves Bros., Inc., New York 18, N. Y 5 


Q, 
Reflin Co., San Diego 11, cal (P) 
Reliance Plastic & Chemical Co: 
Paterson 26, N. J. (A, D, E, G, Kt 
Q, S, T, V, W, Z) 
Ren Plastics, Inc., Lansing 9. Mich. (J) 
Ragpeoen Plastics, Inc., Chicago st 


(Q, 
a Chemical, Inc., Pie» on es 
Resistoflex Corp., Roseland, 


rye Plastics, Inc., 


Riverside Plastics, Inc., 
&, T, V, W. 
Brooklyn 9 
‘ a, DE eT 
Rowland Products, Inc., Kensington, 
Conn. (A, D, E) 
Sandee Mfg. Co., Chicago 24, Til. 
(A, D, E, K, Q, T, V, Z) 
Sanford Plastics Corp., Matawan, No; 


Sawaya Mfg. Co., Inc., Trinidad, Colo. 
(A, N, Q, T, V) 

Schori Process Corp., Port Washington 
N. Y. (P} 


Sheffield Plastics, Inc., Sheffield, Mass. 


i | Insulation, Inc., Bronx 61, 


Shamban, W. S., & Co., Culver Oy 
Calif. ( R, 


Skyline Industries, Titusville, Pa. 
» Q, &, T, V, Z) 


SSoutige Plastics Co. Columbia 1, 


(A, D, E, G, K, N, O, 3 
i yy V, w, ) 
Southwestern Plastic Pipe Co., Mineral 
Wells, Texas (A, E, K, O, S, T, V, Z) 
Sparling Plastic Industries, Inc., Detroit 
16, Mich, (A, J, P) 
Stauffer Chemical Co., Molded Prod- 
ucts Div., Los Angeles 23, Calif, 
(QO, S, T, V, Z) 
Streamline Plastics Co., Bronx 56, N. Y. 
(D, E, G, Q, S, tT. Z) 
Milwaukee 46, 
K, N, Q, S, , 4 
Vv, W, 7 
Supplex Co., Div. of Amerace Co 
Garwood, N. J. (Q, V, 


> ’ ’ 





FILM, SHEETING, AND SHAPES 


Sussex Plastic Co., Belleville, N. J; 
(A, D, B, G, K, L. Q, S, T, V, W, 
Teton Fibre Co., Norristown, Pa. 
Teel Plastics Co., Inc., Baraboo, ae 
, > G, N, 9. § Vv) 
Tetrafluor, Inc., Inglewood 1. Cali NS) 


Tex-Trude, Inc., Houston 17 Tons 

*Thermoplastic Processes, Inc., tirlin 

N. J. (A, D, E, G, K, 4 

by ig? Plastics Corp., The, New Mar- 
et 


( 
Thombert, ie Newton, Iowa Wy, P 
oi? 2 Co., 1 Rowe . Ill. 
L, N, Q, R, T, V) 
Trans-Poly Corp., Mt. beh, N. 6} 
Tuff-Clad, Inc., Kent, Ohio (V) 
*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 
17, N. Y. (Q) 
United States Gasket Co., Plastics Div. 
of Garlock, Inc., Camden, N. J. 
(L, N, Q, S) 
*U. S. Stoneware Co., The, awe: 
Oo io (N, 
Vacuum Plastics Corp., Columbus 22, 
hio (T, Z) 
Valco, Inc., St. Petersburg 3, Fla. (P) 
Virginia Plastics Co., Roanoke, Va. 
(N, Q, S, T, V) 
*Vogt Mfg. Co: Rochester 10, N. Y. 
gt g. rp., TV, W) 
* Waljohn Fist, maa ae 9, 
N. Y. (A, D E, K, 6.3% Ve Z) 
Western Plastics Com.. Tacoma 2, 
Wash. (Q, V, Z) 
Western Textile Products Co., St. Louis 
4, Mo. (V) 
Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. (Y) 
Worbla, Ltd., Papiermuhle-Bern, Swit- 
zerland (D, E, F, V, W) 
World Plastics, New York 60, N. Y. 
(A, D, E, G, K, Q, S, T, V, W, Z) 
Yardley Plastics Co., Columbus 15, 
Ohio (A, D, E, G, K, Q, S, T, V, Z) 
Yates Co., Erie, Pa. (D, E, ?: S, 
Ty Ve me 


SHEETS 
(Over 10 Mils) 


Acetal (See 
Polyoxymethylene) 
Acrylate and 
Methacrylate 
Acrylonitrile- 
Butadiene-Styrene 
Allyl 
Casein 
Cast Phenolic 
Cellulose Acetate 
Cellulose Acetate 
Butyrate 
Cellulose Nitrate 
Cellulose Propionate 
Cellulose Triacetate 
Ceramoplastic 
Chlorinated Polyether 
Ethyl Cellulose 
Fluorocarbons 
Foamed Plastics 
Glass Bonded Mica 
Nylon 


> 


Or~rOZFrxAe-= OamON & 


% Indicates Advertiser 


*Carmer Industries, Inc., 
N. J. 


Polycarbonate 

Polyester Resins, Cast 

Polyethylene 

Polyoxymethylene 
(Acetal) 

Polypropylene 

Polystyrene 

Polyvinyl Alcohol 

Polyvinyl Chloride 
(Plasticized) 

PVC (Rigid) 

AA. Polyvinyl Chloride- 

Acetate 

BB. Polyvinylidene Chloride 

CC. Silicones 

DD. Styrene Copolymers 


<xx=< Snr 


N 


AA.A. Plastic a New York 17, 
N, Y. (A, B, FG, TM, 


Abutco Plastics Industries, Inc., me 
ton, Pa. (B, T, V, Be 
Acadia Synthetic Products, Div. o 
Western ne Works, Chicago 23, 
Tl. M, Q, T, Ww, C9) 


kAce Plastic’ &. Jamaica 35 


(A, E, F, G, Q, R, T, V, W, DD) 
Acme Laminating & vues Co., 

Detroit, Mich. (F, G, H, O, Y Y. DB} 

Ann Specialties Co., Inc. nm) 


ame Nucleonics Co 
Calif. (N,Q, * Y, Z) 
All-Tech Industries, Inc., Miami 68, 
Fla. (S) 


Amercoat Corp., South Gate, Calif. (Y) 

American Agile Corp., Bedford, Ohio 

(T, V, Y, Z) 

American Hard Rubber G. Div. of 
Amerace Corp., — N. J. 

B, DD) 


Applied Research & RNa Tete . 

ippewa Falls, Wis. (G, O, W, D } 
Armen, Inc., Long Island City, N. Y. (N) 
Armstrong Cork Co., Lancaster, Pa. = 


Associated Rubber & Plastic Co 
New York 51, N. Y. 


*Auburn Plastic ONO. Chic 


9, Ill (A,B, F,CG 

W, Y, Z, AA, BB) 
Auburn Plastics, Inc., Auburn, N. Y. 
(A, B, G, R, T, V, Ww. Y, DD) 
-% Posada’ Co., Inc., Cranston 10, 
Blum, Paul, Co., Buffalo, N. Y. (F, H) 
Bolta Products Div., The General Tire 
& Rubber Co., Lawrence, Mass. 
(B, T, Y, Z) 

Bonny Mfg. Corp., Maynard, Mass. 
(N, Q, R) 
Bostrom Corp., Milwaukee 4, Wis. (Y) 


*Cadillac Plastic & Chemical Co., De- 


troit 3, Mich. (A, B, E, F, 
G, N, Q, R, S, T, U, V, W, Y, DD) 


*Campco Div. of Chicago Molded Prod- 


ucts Corp., Chicago, Ill. (B, 3 G, 

T, V, W, DD) 

Gage Containers, Inc., Canton 7, 
io 

Kenilworth 

(Q, U) 

— K. T., & Co., Inc., — 


Carolina Industrial Plastics Div., Es- 
sex Wire Corp., Mt. Airy, N. 5 


*Carroll, J. B., Co., Gniaw 12, Il. 
F, 


G, T, W, Y, Z) 
Cast Optics Corp., Hackensack, Ne 


Celanese Plastics Co., Div. of Cel 
oot Corp. of America, Newt 


Plastic Molding Co,,' 

16, Colo. 

Chemplasco, Inc., — . 22, 
>» V, W, 

Chemtron Fiber Glass Co., El M 

Calif. (E, 0, 
Ciipeore a Plastics Co., Div. of 

oat & Soe "Co., Chippew, 
Clopay Gon Cincinnati 14, Oh 
*Colonial eshte a Chicago “i 

(A, D, ,P,O,R 


—— Plastics ‘ia Co., Pad 


& 
New * Fay ce . 


*Conneaut nae: eP Phadice Co, 
neaut, Ohio (B, G, O, T 


Continental-Diamond Fibre 
of The Budd Co., N 


Corroplest, Inc., Passaic, N. J. 2 
Cortland Industries, Inc., Chicago as 
Crane Packing Co., Morton Come 
Crowl Chemical Corp., El i cai 
Curry Arts, Scranton 9, Pa. (A, ¥,7) 
Custom Extrusion, Inc., Sheffield, Mass. 

(A, W, DD) 
Dama Plastics, Inc., Springfield, Pa. (§) 
Dart Mfg. Co., Mason, cae” en 


Davidson Products Co., Seattle 9, Wat 


~— Joseph, Plastics Co., Keamy, 
N. J. (F, G, M, T, V, W, Z, DD 
Daylite Industries, ees 11, N.Y. 
(A, B, F, W, Z, DD) 

Deerfield Plastics Co., Inc., "South Deer- 
field, Mass. (T, V) 
*DeWitt Plastics Div., Shoe Form (Co, 
Inc., Auburn, N. Y. (C) 
Dimensional Plastics Co p> alae Fh 


, 8, CC, DD) 
Dixon Corp., Bristol, R. 4 (N) 


*Dow Chemical Co., The, Midland, 
Mich. (M, O, T, BB) 


Dumont San Rafael, Calif. 
mont Corp., San ae (0, 00 


Du Verre, Inc., Arcade, N. Y. © 


Dyna-Foam og .Sun Chemical bar 
Ellenville, N. 


*Dynemtt Sty “AG, Troisdorf/Kéln, 
est Germany 


fF HPS, T, W, Y,Z, AA DD 
*Eastman Kodak Co., Rochester 4, +4 


’ 


Efka Plastic Corp., Hoboken, Ns 


Inc., Clifton, 
; (N, P) 
Eity _ fobber Co., Los Angele 


Elm Coated Fabrics Co., Inc., New 
York 16, N. Y. or AA) 


Emerson & Cuming, ee, 
Mass. (O, S, W, Ww, DD 


Erinoid, Ltd., > Lone. FA England 


Mpetante Mechanics, 


V, Y, Z, DD) 


Extruded Plastics, Norwalk Conn. 
(B, E, N, DD) 


(For complete addresses, see Alphabetical Index, p. 1179) 





Mat PF ws 
3299 fron 


Saag * 
r Sok are 


Sez 


ve, 


Fabric Leather Corp., New York 1 


Y. 
Fall Hollow Staybolt Co., Cuyahoga 

Falls, Ohio ink va ” 
*Farbenfabriken-Bayer, verku- 
fo. West Germany (CC) 
*Farbwerke Hoechst A.G. (vormals Meis- 
- Lucius & Briining), Frankfurt 


Main-Hoechst, West y 
acces Industries, Inc., New York 1, 


N. 
Firestone Plastics Co., Pottstown, Pa. 


ble Packaging Div., Continen 
"eGo. ag Mt. Vernon, a 


ra 

-0-Glass, Inc., Chicago 51, 
*Flex G, y, % 
Fluorocarbon Co., The, Calif. 


Fluoro-Plastics, Inc., Div. of el 
Co., Philadelphia 46, Pa. 8 

Formex Corp., khart, nd. O) 

*Frank P., Chemical & Plastic oe 
Te ork 18, N. Y. 

Freeport Plastic Sheet Corp., Freeport, 
N. Y. 


Garrett Corp., The, Air Cruisers Div., 
Wall Township, N. J. 

Gelman. Herman A., Co., Brooklyn 6, 
N.Y (O) 

*General American 
Corp., Plastics Div., 


Transportation 
Chicago 90, Ill. 
(Vv, W, DD) 
*General Plastics Corp., Marion, Ind. 
A, B, G, T, DD) 

General Plastics Corp., Paterson, N. J. 


General Plastics Mfg. Co., Tacoma 9 
Wash. (A, O) 
*Gering Plastics, Div. of Studebaker- 
Packard Corp., Kenilworth, N. J. (T) 
*Gilman Brothers Co., The, Gilman, 
Conn. (B, O, T, W, DD 

Glasflex, Inc., Stirling, N. J. (A, 
*Glass ene a Rei 20, 
N. Y. (A, F, G, lL, Vv, W) 
Caead Corp. 2 America Clifton, 
N.J I, Y, Z, AA) 
Goodrich, B. F., earl Products 
Co., Akron 18, Ohio (Y, Z) 
Goodyear Tire & Rubber Co., Films 
& Flooring Div., Akron 16, Ohio (Y) 
Gordon-Lacey Chemical Products Co., 
Inc., Maspeth 78, N. Y. (Y¥, AA) 
Great Bay Chemicals & Plastics, Inc., 
Sub. of Cary Chemicals, Inc., New 

York 1, N. Y. 4 
*H&R Pl; astics Industries, Inc., Nazareth, 
Pa, (B, O, T, V, Z, DD) 
Halogen Insulator & Seal ocak Frank- 
lin Park, Ill. (N) 
Hamilton Pl; astics, Inc., Chicago 31, Ill. 
(T v , DD) 


aX Industries, Inc., Wilmington 8, 
(P) 


Taunton, Mass. 
Hercules Powder Co., 
Dept., Wilmington 99, 


Haveg Industries, Inc., Taunton Div., 
Cc 


"> Explosives 


nN S, Y, CC) 

Hollywood Mile } Mote Lite Corp., New 

York 11, ty, Z) 

Homalite ak, “The, Wilmington 4, 

Del. (C, S) 
Hyde, A. L., Co., 

(Q, R, U) 


*LC.I, (Hyde), Ltd., Sub. of Imperial 
Che »mical Industries, Ltd., Cheshire, 
England (y, AA, DD} 
*Imperial Chemical Industries, Ltd., 
Millbank, London S.W.1, England 

(A, Z, AA) 


Grenloch, N. J. 


ee ? 


& Indicates Advertiser 


* Johns-Manville, we, York 16. 


(G, 
*Kleinewefers, Joh., 


Ractatel hy ye & Equipment 
inal Mfg. Co., New York 

t Busses Co., Inc., Los An 
Je ; (B, G, T, V, W, 
Joma, "Westen Mills Go., Chi ome, 
Joclin Mfg. Co., Wallingford, Conn. 


Jodee i, ee Pe 8, y. e 
(A, B, F, PM 
b, bb) 


K-S-H Plastics, Inc., ne 
Kal Plastics, "Inc. My oe 
Kaye-Tex Mfg. Corp. .Y i N. 
Z, AA, DD) 

Kaykor Industries, Inc., » Yestiville, N ‘ 
Kent Plastics Corp., Evansville, Ind. (Ww 
Kerr Industries, N. ee Calif. 

. M, T, W, Y, Z, AA) 


hne, Ketel 
reac Yao" DatoIy Oto 


*Kurz-Kasch, Inc., Dayton 1, Ohi 


Lavorazione Materie Plastiche, S.A.S., 
Turin, Italy 
Leathertone, Inc., Boston 14, Mass. 
(A, F, G, M, Y) 
Lus-Trus Corp., Ypsilanti, Mich. 
J F, > , > , A V, w, Z, DD) 
Marbek, Inc., Brooklyn 22, N. Y. (Y) 


“tay Corp., The, Long Island om 


Bei General 2 enced Co. Subetieny 


of General 
Beach 6, Calif. “a 7 B, BO” 7 ‘ory 


Masland Duraleather Co., Philadelphia 
34, Pa. (Y) 

Mazzuchelli Celluloide S.p.A., Castig- 
lione Olona (Varese), Italy 

& ae A Z. AA, DD) 

Metallic Plastics Corp. .. Long Island 
City 1, N. Y. (Z, AA, DD) 

Midwest Plastic Products Co., Chica 
Heights, Ill. (A, B, F, G, T, V, 


DD} 

*Mitsubishi Rayon Co., Ltd., Tokyo, 
Japan (A, DD) 
rg & Extrusions, Inc., Women 


PO son Chemical Co., Plastics Div., 
Springfield 2, Mass. (F, 
*Muehlstein, H., & Co., Inc., New York 

; Y. (AA) 

Munray P ag, = Div., The Fanner 
Mfg. Co., Cleveland *\ Ohio 

V, Y, Z, AA) 

ae Corp. of Aenede, Clifton, 


*«Nagahama Plastics Industries, Ltd., 
Tokyo, Japan (T, ¥, Z) 
Nalge Co., Inc., The, Rochester aX. » A 


National Plastic Products Co. on 


Odenton, Md. 


Ww) 
New Plastic Corp., Los Angeles 3. 
Calif. WN, R, 


*Nixon-Baldwin Chemicals, Inc., 13. 
N. J. F, GH, 1, V, ¥, Z, AA, DD) 
ates « Castes Co., Plastics Div., 
Arlington, N. J. 6) 
Novelty Bias Binding Co., Chelsea, 
Mass. (Y) 
Nylon Molding Corp., Carwoed, Od 
O'Sullivan Rubber Corp., Winchester. 
Va. (B, Y, DD} 
Panelyte Div., St. Ri P. Co., Rich- 
mond, Ind. » V, W, DD) 


*Polypenco, Inc., 


*Radiation Applications, Inc., 


FILM, SHEETING, AND SHAPES 


Pantasote Co., The, Passaic, N. J. (Y, 2 
Pelmor Labor’ tories, Inc., Newton, Pa. 


Permacel, New Brunswick, N. J. on 


Pioneer Scientific Co., Div. of Bausch & 
Lomb, Inc., Rochester 2, N. Y. (C) 


*Plastex Co., "The, cemma' iy Ohio 


G, W) 
Plastex Process Co., Maywood, Ng 


Plastic Extrusion & Engineering Co. 
Inc., Westboro, Mass. (Y, BB) 

Plastic Laminating Corp., Va 

N. J. (F, AA) 

Plastic Process Co., Div. of Monad- 
nock Mills, Los Angeles 45, rat 


— Stamping Corp., Chicago 47, 


E, F, G * P, 0, 

T, VU, W, CC) 

Plastron Specialties, Inc., to les 
21, Calif (A, FG, 77M, T, Ve W 
Y, DD} 

Plax Corp., Hartford 1, Conn. (W, DD) 
Plicose Mfg. Corp., Brooklyn 22, NK 


Poly oe Products, Inc., Paterson 4 


(T} 
mad. Corp., The, a Conn. 
(A, C, S, DD) 
Polymer Corp. of - " _ Reading, 
Pa. L, N, Q, R, DD) 
me. A, Pa. 
(L, N, Q, R, DD) 
Portage Plastics Co., Inc., Portage, 
Wis. (A, T, V, W, DD) 
Protective Lining Corp., Brooklyn 31, 
N. Y. (T} 
Pyramid Plastics, Inc., Chicago 7, Ill. 
(BB) 
Long Is- 
land City 1, N. Y (N) 
Rand Rubber Co., Brooklyn 16, x: 


Raritan Plastics Corp., Oakland, J. 
(B, T, v Ww) 
*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. (N) 
Reliance Plastic & Chemical Co 
Paterson 26, N. J. 
Resincraft Plastics, Inc., Chicago 13 
ll. (T, Y, Z) 
Resistoflex Corp., Roseland, N. J. (N, X) 
Reynolds Metals Co., Plastics Div., 
Richmond 28, Va. Y) 
ne, Chemicals, Inc., 


New York 

(¥, Z) 

Be Industries, Coleman, 
Mich. 3 

Rogers Corp., Rogers, Conn. (E, N) 

*Rohm & Haas Co., Philadelphia 5, * 


Inc., 


Ross & Roberts, Inc., Stratford, Conn. 
(T, Y, Z) 
*Rotuba Extruders, Inc., Brooklyn 9, 
N. Y. (A, F, G, V, W, Z, BB, DD) 
Rowland Products, Inc., Kensington, 
Conn. (A, F, G, H, I, O, 
*Rubber Corp. of America, Hicksville, 
a. Se (Y, Z, AA) 
Rudd hi Fabrics Corp., Brookl 


Sandee Mfg. Co., — 24, Ill. 

(A, W ) 
Sanford Plastics Corp., Matawan, No 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 


(A, Q, T, W, Y, Z) 
- oe Corp., Port Washington 


(s) 





FILM, SHEETING, AND SHAPES 


*Scranton Plastic Laminating wey 
Scranton 5, Pa. (F, G, T, U, V. ak 


*Seiberling Rubber Co., an tn 
Newcomerstown, Ohio 

(B, T, V, Z, AA, DD) 

Shame, W. S., & Co., Culver City 

Calif. WN, 0, Q, V} 

Sheffield Plastics, Inc., Sheffield, Mass. 

(a, W) 

Shore Line Industries, Inc., Clinton, 

Conn. (T) 

Sierracin Corp., The, Burbank, oats) 

*Southern Plastics Co., Ve. k 
& C. ABE GE MDE 

W, Y,'Z, AA, DD B 


Standard Pyroxoloid ae ie yoda 
ster, Mass. (H) 


Sun Steel Co., Chicago 36, Ill. (Y) 
Teneieom, N., Sons, Inc., New York 51, 
N. (Z) 


i « l Inc., Inglewood 1, om 
(N ’ 9, Vv) 


tic Inc., S 
(B, F, G, T, ¥, Z,D + 
stnnawr Co, Sop OF Ill. AT 
G, J, N, Q, T, U 
Tri-Point Plastics, Inc., yee we 


Tuff-Clad, Inc., Kent, Ohio (Y) 
Tupper Co., Woonsocket, R. I. (T) 
*Union Carbide International Co., Div. 
of Union Carbide Corp., New York 

17, N. Y. » Xe 
*Union Carbide Plastics Co., Div. of 
Union Carbide Corp., New York 17 
N. Y. (AAS 
United Progress, Inc., Albany 5, N. Y. 
(O, W) 
United States Gasket Co., aes | Div. 
of Garlock, Inc., Camden, N i dj 


U. S. Plastic Products Corp., We +d. 
N. J. (A, S) 
*United States Rubber Co., Royalite 
Div., Chicago 39, Ill. (B, W, DD) 


*U. S. Stoneware Co., The, T. 
Ohio (N, Q, T, V, AA, 
Valco, Inc., St. Petersburg 3, Fla. (6) 


Vernon Plastics Corp., Lynn, Mas, 
Virginia Plak Co., New York 16, N. y 
Visking Co., Div. of Union 

Corp., Chicago 38, Il. 


Vichek Tool Co., Sub. of 
Tool Industries, Inc., 
Ohio 

*Waljohn Plastics, Inc., Brooklyn 
N. Y. ( Ww 


Wasco Products, Inc., Cambridge 
Mass. (A, 


Weblon, Inc., New York 36, N. Y, (y 
Westinghouse E wy y Corp., Micarta 
Div., Hampton, S. C. (1 
Woodall Industries, Inc., Detroit 
Mich. (B, Oo, T, V, w, DD) 
Worbla, Ltd., Papiermuhle-Bem, Swit. 
zerland (F, H, T, Y, Z, AA, DD) 








Fabrics, Papers, Fillers, and 


Reinforcements 








EXTENDERS 


*Cabot Corporation, Boston 10, Massa- 
chusetts 


*Diggend Alkali Co., Cleveland 14, 
*English Mica Co., The, Stamford, 


onn, 

ae a a Products Co., Frank- 
n, N. C. 

*Georgia Kaolin Co., Elizabeth, New 
Jersey 

*Hayden Mica Co., Wilmington, Massa- 
chusetts 

*Johns-Manville, 


New York 16, 
York 


New 


Merck Marine Ma —y" Div. Merck 
& Co., Inc., way, N 

Minerale & Chemicals Corp. a Amer- 
ica, Menlo Park, N. J. 

Sebago Chemical Corp., S. Windham, 
Me. 

Sherwin-Williams Co., The, Pigment, 
Color & Chemical Div., New York 
16, N. Y. 

Siete, 5 Hall & Co., Inc., New York 17, 


Swift & Co., Chicago 9, IIl. 
Weyeshnqueer Co., Silvatek Div., Tacoma 
1, Wash. 


wa ©. Ey & Co., E. St. Louis, 


Wilson Petroleoke & Carbon Corp., 
New York 36, N. Y. 


_ % Indicates Advertiser 
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FABRICS, WOVEN 
(For Flexible Laminating) 


Asbestos 
Cotton 

Dacron 

Fiber Blends 
Glass 

Linen 

Misc. Synthetics 
Nylon 

Orlon 

J. Rayon 


Airconductors, Gardena, Calif. (H) 
Boo B. j., & Co., Inc., New York 13, 


Bean Fiber Glass, Inc., Jaffrey, N 
Bortman Plastics Co., Boston 11, Mass. 


(B, C, HB} 

Briscoe Mfg. Co., Columbus 3, Ohio (E 
Chemtron Fiber Glass 7% & Rents 
Calif. D, E, I) 
Clark- popweee yaa — — New 
York 20, (E) 


Coast. Mf: . o ly Co., Liverm 
Calif. —" <E 


~-=OmmoNne> 


Domestic Film Products Corp., Millers- 
burg, Ohio (H) 
Duofold, Inc., Mohawk, N. Y. (E) 
Exeter Mfg. Co., New York 34, N. Y. 
(E, G) 


*Fabricon Products, A Div. of 
Eagle-Picher Co., River 


tions Main. Fiber Glass Div., 

ai Glas industries, Inc., 

*Flightex Fabrics, Inc., New York 
Haves ‘Industries, Inc., Wilmington 
Herculite Protective Fabrics, 


7, N. B, C, D, E, G, 
Hess, ds ldemith D.E, 6.1 


York 12 18, , a 
*Johns- Manville, New York i DE 
Kish Industries, Inc., Lansing 6, 
a A H., & Co., Inc., New 
N. 


MS Nowell Caantedl 


iota 


| get i 


Ze 


~< 
is 
BsoQ 


aFs 


* Modiglass Fibers, Inc. A Div ‘of 
hold Chemicals, Inc., Bremen, 


eel 


Mount Vernon Mills, Inc., Baltimore 4 
Md. (B, > 2 ’ ay 
Next a - Asbestos Corp., m 
Ot. Joseph M. P., Mf Ae Pawtucket, 
R. 1. re DE, G,L) 
Pellon Corp., New You a 


D. 
*Pittsburgh Plate Glass Co. @D. 
Div., Pittsburgh 22, Pa. 


te] 


(For complete addresses, see Alphabetical Index, p. 1179) 





oe 
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sp? <3 
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# 


| ae 
Hom t 


a= 


tezo2z 
ad A 


as 


est 


tiny bocter: -Manhattan, Inc., 


th Fibres Co., , Brookl 
— oO. mes OO EEG mh 


ne ates Co., Brooklyn 16, N. 7, 


(B, H, J) 

Raybestos-Manhattan, Inc., Stratford 
Bone. (A 
Reinforced 
lastics Dept., Manheim, Pa. (A, G) 
Reeves Bros., Inc., New York 18, N. %. 


*Rezolin, Inc., Santa Monica, on. x) 
*Sandman, Co., ey x! . — 
B, C, D, E, F, G ) 
s, J. "s Co., Inc. Rew "Yor 
96,N.Y. (A, B, c, D, E, G, H, LD 
Turner Halsey Co., New York, N 
, C, D, n J 
United Merchants Industrial Fabrics 
New York 18, N. (E} 
*United States phate Co., Chicago 6. 
ill (E) 
a Sears Co., New York 18 
N.Y. (B, C, D, G, H, 1, J} 
Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. (F) 


FABRICS, NON-WOVEN 


Asbestos 
Cotton 

Felt 

Fiber Blends 
Glass 

Synthetic Fibers 


American Felt Company, Glenville, 


onn. (C 
Bean Fiber Glass, Inc., Jaffrey, N. H. 


Burkart, F., Mfg. Co., St. Louis 7, Mo. 

(B, C, F) 

Chemtron Fiber Glass Co., El Monte, 
Calif, E, 

Clark- er Fiber Glass Corp. New 

York 20, N. (E) 


Const Mfg. & _— Co., Livermore, 


Calif, i 

Felters Co., The, Boston 11, Mass. 
(C, D, F) 
*Ferro Corp., Fiber Glass Div., Nash- 
ville 11, Tenn. ) 
*Fiber Glass Industries, Inc., Amster- 
dam, N. Y. (D, E) 
Glass Yarns & Deeside Fabrics, Ltd., 
London W.C.2, England j 
moves Industries, Inc., Wilmington 8, 


Seat Protective ow Neve 
N. J (A, B, C, D, E, F) 

N. Y. 
(A) 
Inc., New York 38, 


“a. -Manville, New York 1 16, 


Jordan, B. H., Co., 

N. Y. 
*Krafelt Co., Devon, Pa. (B, D) 
Marmyte Co. Mundelein, Ill. (E) 
Miller-Stephenson Chemical Co. Inc., 
S. Norwalk, Conn. : (E 
*Modiglass Fibers, Inc., A Div., of Reich- 
hold Chemicals, Inc., Bremen, Ohio 
(E) 


North American Asbestos Corp., Chi- 
cago 4, Ill. (A, D) 


Owens-Corning Fiberglas =~ Rein- 
ae Plastic Div., Ne fork 22, 


Pelion Corp., New York 1, N. Y. 


*pP Ti 
Mabargh Plate Glass S. Fiber Glass 
(E) 


Pittsburgh 22, 
*Photh Fibres Co., hey Brooklyn 27 


(E, F) 


+1 indi ates Advertiser 


FABRICS, PAPERS, FILLERS, AND REINFORCEMENTS 


Rand Rubber Co., Brooklyn 16, N. B) 
Raybestos-Manha Inc., 
ttan, sx. 


Sag boston Seen 
Dept., peters Pa. olntceces D) 
*Standard-Union Fibre Co., Philadel- 
phia 34, Pa. (D) 
“—— we, Incorporated, New York 16, 


-Y. (D, F) 
*Union Carbide International sore Div. 
of ie Carbide Corp., New York 


Vetreria italiane Balzaretti Modighen 
S.p.A., Milan, Italy 
we Sears Co., New York 


, D, F) 
Wessiitieinis Co., Silvatek iv., Ta- 
coma 1, Wash. (D) 


FIBERS AND MONOFILAMENTS 


Acetate 
Acrylics 
Aluminum 
Asbestos 
Cellulosic 
Fluorocarbons 
Glass 

Mineral (Wool) 
Nylon 
Polyester 
Polyethylene 
Polypropylene 
Polystyrene 
Rayon 

Saran 

Sisal 

Steel 
Wollastonite 
Modacrylics 


ywpOwOZEr- A+ -TOmmMON SPY 


*Allied Chemical Corp., National Ani- 
line Div., New York 6, N. Y. (D 
— Thermoplastics Corp., a 
American Viscose Corp., Philadelphia 8 
_apbieetoy . 
*AviSun Corp., reus Hoo a 
Blum, Paul, ra Buffalo 10, N 7. D 
Bolta Products Div., The General Tire 
& Rubber Co., Lawrence, —, 0) 
Burkart, F., Mfg. Co., St. Louis 7, Mo. 


*Cabot Co: Boston 10, M (R 
Celanese Fibers Co., Div. wof Celanese 
Corp. of America, ‘Charlotte 1, N. C. 


Chemtron Fiber Glass Co., rf onte, 
Calif. (G, P) 
*Colonial Kolonite Co., Chicago 47, Ill. 
(B, F, I, J, K, a M) 

Cngynaseted Plastics Co., 


Composition Materials Co., Inc., New 
York 36, N. Y. (P) 
*Cosden Petroleum Corp., Big Spring, 
Texas ) 
Dawbarn Bros., Inc., Waynesboro, Va. 


, L, O) 

*Dow Chemical Co., The, Midland 
Mich. (B) 
*du Pont, E. 1., de Nemours & Co., Inc. 
Wilmington 98, Del. (B, E, F, L N) 
ees Co., cinnati_ 1 


Eastman Chemical Products, Inc., Sub. 
of Eastman Kodak Co., Fibers Div. 
Kingsport, Tenn. (S} 


cago 14, 


*Farbwerke Hoechst A. 
ter Lucius & shina’ F 
Main-Hoechst, West Germany (I, J, 
*Ferro Corp., Fiber Glass Div., Nash- 
11, Tenn. (G) 


are See Sees, Ss. ic 
Viscum Prodects, 8. aS ieee 


General Plastics Corp., Paterson, xy 
Glass Yarns , Desite Fabrics, Ltd 


Haves Industries, Inc., Wilmington & 
Industrial Plastics & Equipment Co. 
Orange, N. J. I i} 
International extile Co., - Chicago % 
Jodee Plastics, Inc., Dodie hy »y 
vi’ KL, y 
*Johns-Manville, New re 16, N : oR) 
te of Quebec, Ltd., 
Lae isin Inc., meus 
Lus-Trus Corp., Ypsilanti, Mich. 1. 0) 
a YS Chemical Co., Ine. 


Conn. j 
kMotick ass Fibers, Inc., A Div. of Reich- 
ire Chemicals, Inc., Bremen, - 


*National Plastic Products Co., 
Odenton, Md. (I, K, L, M, O) 
North 7 om Asbestos Corp a Chi- 
0 
sso Gin, W, Seukabie "0 
ens ng 
aes Plastic Div., New ork 22 + 
Pittsburgh Plate Glass Co., Fiber Glass 
Plastic 2 Fe Co Bg 
c ion . : 
Westboro, Mass. L 
aie * an Fibres Co., Inc., Brooklyn vf 
+ Powhatan Mining Co., Baltimore 7 
on ‘mera = 
*Raybestos-Manhattan, Inc., Reinfo 
Plastics Dept., Manheim, Pa. ©, Y) 
Reeves Bros., Inc., New York 18, N af 
*Riegel Paper Corp., New York 17, N. 5) 
Sebago Chemical Corp., S. Windham, i 


Shamban, W. S., & Co., Culver om, 
Calif. 


Inc., 






Societe du Verr> Textile, Lyon, Punse 


nae my “ny Fibre Co., waaete 
phia 34 
Stein, Hall & 6, New York, N. Y. 

1, Calif. 


T or, Inc., 
Union Carbide Chemicals a Div. 


a Carbide Corp., New York i} 

U. 8S. Glass Fiber Co., Manchester, 
Conn. (G 
*United States Gypsum Co., Chicago 6, 
Il (G) 


Vetreria Italiana Balzaretti Modigliani 
S.p.A., Milan, Italy “ 
*Vogt Mfg. Corp., Rochester 10, Et 5 
Weyerhaeuser Co., Silvatek Div., Ta- 
coma 1, Wash. (E) 
— E. B. & A. C., Co., Burling- 
(L, M) 

* Whittaker, em & Daniels, Inc., New 
York 7, N. Y (D, G 
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FABRICS, PAPERS, FILLERS, AND REINFORCEMENTS 


FIBROUS GLASS, RESIN LOADED 


A. Cloth 
B. Mat 
C. Roving 


American Reinforced Plastics Co., 
Angeles 1, Calif. (A, ‘s 
Bloomingdale Rubber Co., Aberdeen, 
Md. (A, B, C) 
Blum, Paul, Co., Buffalo 10, N. Y. (A) 
Chemtron ee Glass Co., El Monte 


(A, B) 
A BG) 


Cordo Chemical Corp., es. - Conn 


Baws Plastic Fabrics, Inc., Pulaski 


Cons, Dts. & Supply Co., wey: 


(A) 


Electro-Technical Products Div., — 
Chemical Corp., Nutley 10, N. } 


*Fabricon Products, 
Eagle-Picher 
Mich. 

*Famco, Inc., Louisville 9, Ky. (B) 

*Flexible Products Co., Marietta, Ga. (C) 

a : Industries, Inc., Wilmington 8 


A Div. of The 
Co., River Rou 
(A.B) 


A, B, C) 

Houze Glass Co Point Marion, > 
*Johns-Manville, i York 16, ie 
A, B 


Miller- Staphgasen Chemical Co., Inc. 
S. Norwalk, Conn. 

Minnesota Mining & Mfg. 
ton Div., St. Paul 6, inn. (A) 

Minnesota Mining & te Co., Rein- 
forced Plastics Div., St. Paul 6, Mine. 


Sitediion Fibers, Inc., A Div. of Reich- 
Chemicals, Inc. ., Bremen, - 
*Pittsburgh Plate Glass Oo Fiber Glass 
Div., Pittsburgh 22, (C) 


Raybestos- Manhattan, oo Stratford 
Conn. (Aj 

* Reichhold Gomtem, Inc., White 
Plains, N. (B) 
*Sandman, - ‘Co. Worcester 9, eS 
B,C 


Societe du Verre Textile, Lyon, ee 


*Standard Insulation Co., Inc., E. Ruth- 
erford, N. J. (A, B, C) 


, ° 


U. S. Polymeric Chemicals, ne, nye 


ford, Conn. 
Molina 
(B, C) 


Vetreria Italiana Balzaretti 
S.p.A., Milan, Italy 


FILLERS 


Alpha Cellulose 

Aluminum Silicate 

Asbestos 

Calcium Carbonate 

Carbon Black 

Chalk 

Clays 

Cocoanut Shell Flour 

Cotton Flock 

Diatomaceous Earth 

Fabric (Macerated or 
Chopped) 

Glass Fiber, Flakes, and 

_ Fabric 

M. Graphite 


* Indic ates Advertiser 


As ~XTOAnMONwe> 


— 


Lignin and Lignin 
Extended Fillers 

Metallic 

Mica 

Protein Fillers (e.g., Soy 
Bean Meal, etc.) 

Silica 

Sisal 

Walnut Shell Flour 

Wollastonite 

Wood Flour 


Agrashell, Inc., Los Angeles 22, ot. 
Alabama Calcium Products Co., Gantts 

Quarry, Ala. (D) 
American Resin Corp., Chicago 13, di 


<Snanw OO Z 


Armco Steel Corp., Middletown, Ohio 


aAcetpe Corp. of America, Cormoy 
Avco bits. Research & Advanced De- 
velopment Div., Wilmington, Mass. 


(R) 

Balsa Reusder mee Corp., New 
York 36, 

Basic Plestic Materials, Inc., Win- 

K, S, V) 


chester, N. H. (A, L 
Blum, ay Co., Buffalo 10, N. A 
Brown Co., Boston 14, Mass. 2 
Burgess Pigment Co., San dersville, 


Burkart, F., Mfg. Co., St. Louis 7, ue 


( 
*Cabot Corp., Boston 10, Mass. (E, R, ) 
Calcium Carbonate Co., Quincy, Ill. 


Campbell, Harry T., Sons’ Corp., Balti- 
more 4, (D 
Coben Dispersions, Inc., Newark 12, 


Chemical Industries, Unit of E. F. Van 
Winkle Co., Pasadena, Calif. (G, P) 
*Chemische Werke Hiils, A.G., Mar 
mee Recklinghausen), West Ger- 


(E) 

Chente Fiber Glass Co., El Mate, 
Calif. (C, G, L, R, S) 
Chicago Weed & Plastic Se Chi- 
cago 41, (V) 
a Finck Corp., Ceeeent, 


Opto Carbon Co., New York us 


PA. Ae Materials as ta New 
York 36, N. Y. (A, H, K, S, T, V) 
Danberg Chemical Co., N Wallenetond. 
Conn. (A, I, K, S) 
SBtpend Alkali Co., Cleveland 14, 


hi 
a Chemical Co., Providence 3, 
R. (C, D, E, G, J, M, T) 
mA Picher Co., The, Cincinnati 1, 
Ohio (J, R) 


Clifton, 

Re (P) 
*English Mica Co., The, Stamford, 
nn. (P) 


*Ferro Corp., Fiber Glass Div., ar x 


ostente Mechanics, Inc., 


ville 11, Tenn. 
Fibrous Glass Products, Inc., Hicksville, 
> A (L) 


*Franklin Mineral Products Co., Frank- 
lin, N. C. (P) 


Garvan, P., Inc., Hartford, Conn. 

ag a NS 
General Fibre Co., Inc., » Walpole, Man 5 
*Georgia Kaolin Co., Elizabeth, Nd 


Georgia Marble Co., The, Calcium 
Products Div., Tate, Ga. (D) 


Grace, W. R., & Co., Davison Chemical 
Div., Baltimore, Md. (R) 
Co., Akron 


Henley & >. New York, N. Y. ® 
Huber, J. M » Corp., New York, 


International Filler Corp., 
wanda, N 


N, Y. A, I, K, V) 
International Textile Co., cago 39 
il. (I, K, L, §} 
*Johns-Manville, New York 16, ¥. r. 
*Krafelt Co., Devon, Pa. i K 
*Lake of Quebec, Ltd., New 
York 5, N. Y 


Miller, F: 6¥ 
Miller-St ., Inc., §, 
N Conn. (C, D, L, R, U) 
Minerals & Chemicals of America, 
Menlo Park, N. J. (B, G) 


a lass Fibers Inc., A Div. of Reich- 
old Chemicals, Inc., Bremen, oo 


(L 
Magettt- asst Marble Co., Sylacau 
Mundane Co., The, Verplanck, N. Y. 


(A, I, K, L, 8) 
ae, 5 Corp. of America, Clifton, 


National Gypsum Co., Buffalo 2, NG 
New England Lime Co., Adams, Mass. 


(D) 

North American Asbestos Corp., Chi- 
cago 4, Iil. 

Ohio Lime Co., Woodville, Ohio  (D 

Owens-Corning Fi 


New York x 


ue Plastic Div., 

a ed Laboratories, Inc., cei 
a. 

Faindeiphis Quartz Co., Philadelphia 


Pitsburg Plate Clase Co., Chemical Div.., 
burgh 22, (R) 
*Pittstarek Plate et o>. Fiber Glass 
Div., Pittsburgh 22, P: (L) 


#Plymouth Fibres Co., “ey ‘Becohiya 0% 
aes oa Mining Co., Baltimore 1 


Co) 
*Quaker Oats Co., The, Chemicals Div., 
Chicago 54, Il nil. (N) 


agen eames, Inc., Reinforced 
P Dept., Manheim, % (C) 

Rayon Processing Co., : Paw- 

tucket, R. a, K, LS Q, $) 
*Rezolin, og Santa Monica, Calif. 


(O, T) 
“4 Chemical Corp., S. Windham, 
Bernard, Co., Brooklyn 31, 


Y. (H, T, 
Southern Clays, Inc., N.Y.,N.Y. (G 
*Standard-Union Fibre Co., » Philadelphi 


34, Pa. 
Stein, Hal & Co., Inc., New York s 
Summit Mining Corp., Carlisle, Pa. 
Swift & Co., Chicago 9, Ill. O 
*Tennessee Products & Chemical Corp. 
Nashville, Tenn. j 
i, Weinman & Co., New ross 
United Carbon Co., Inc., New York & 


United Clay Mines Corp., Trenton, 
N. J. (G) 


odes 


(For complete addresses, see Alphabetical Index, p. 1179) 
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U. S. Glass Fiber Co., Manchester 


Conn, (L) 
Vetreria Italiana Balzaretti Modigliani 
S.p.A., Milan, Ital (L) 


Victorville Lime Rock Co., Sub. of 


C. K. Williams & Co., Victorville, 
Calif. (D 
Weyerhaeuser Co., Silvatek Div., Ta- 


coma 1, Wash. (N, V) 
White Pigments Corp., W. Rutland, +z 


) 
*Whittaker, os & Daniels, Inc., New 


York i . 
(C, D, F, G, J, M, P, R, T) 
W - my Cc. &.. & Co., E. St. Louis., 


*Wilner Wood Flour Products, Norway, 
Maine 

Wilson Petrolcoke & sae om. 
New York 36, N. Y. cop. 


*kWitco As anon Co., Inc., ho York 
17 » (E) 
Wood Flour, Inc., Winchester, N. H. 
K, S, V) 


PAPER FOR RESIN IMPREGNATION 


A. Decorative Laminates 
B. Industrial Laminates 


Brown Co., Boston 14, Mass. (A) 
Cartiere Ambrogio Binda S.p.A., Milan, 
Italy (A, B) 


Fiberform, Inc., Oconomowoc, Wis. (A) 

*Fitchburg Paper Co., Fitchburg, = 
, B 

*Hurlbut Paper Co., South Lee, Mass. 


(A, B) 
New York 17, 


Mchos Manville, New York 16, N. Y. (B 
Knowlton Bros., Inc., Watertown, N. Y. 


— rational Paper Co., 
2 


(B) 

*Krafelt Co., Devon, Pa. (A, B) 
Mosinee Paper Mills Co., Mosinee, Wis. 
(B) 


FABRICS, PAPERS, FILLERS, AND REINFORCEMENTS 


North American Asbestos Corp., Chi- 

cago 4, Ill. (A, B 

baat Products Development, New es 
A, B 


*Paterson ee Paper Co., Busted 


,_B 

Printon Corp., New York 10, N. Y. (A, BY 
*Riegel Paper Corp., New York ay sf 
*Sandman, Eli, Co., Worcester 9, Mass. 


Southern Chemical Cotton Co., Chat- 
tanooga 5, Tenn. (B) 
*Wrenn Paper Co., The, Middletown, 
hio (A, 


PAPER, PRE-IMPREGNATED 
FOR LAMINATING 


Anaigee Omapress Corp., New York, 
Y 


BoMyte Co., The, Silverdale, Pa. 
Conttase Ambrogio Binda S.p.A., Milan, 
taly 
Chemtron Fiber Glass Co., El Monte, 
Cc ng Supply Co., 
oast Mfg. & Supply Livermore, 
Calif. 


Cromwell Paper Co., Chicago 1, Ill. 

Crown Zellerbach Corp., Western Waxide 
Div., San Leandro, Calif. 

Decar Plastic Corp., Middleton, Wis. 

Dewey & Almy Chemical Co. Div., 
Bt, R. Grace & Co., Cambridge 40, 

eo ‘& Almy Chemical Div., W. R. 
Grace & Co., Endura Products Plant, 
Quakertown, Pa. 

Electro-Technical Products Div., Sun 
Chemical Corp., Nutley 10, N. J. 
*Fabricon Products, A Div. of The 
Eagle-Picher Co., River Rouge, 

Mich. 
Fiberform, Inc., Oconomowoc, Wis. 
Kimberly-Clark Corp., Neenah, Wis. 
Knowlton Bros., Inc., Watertown, N. Y. 


*Krafelt Co., Devon, Pa. 

Minnesota Mining & Mfg. Co., Irving- 
ton Div., St. Paul 6, Minn. 

New England Laminates Co., Inc., 
Stamford, Conn. 

Omapress A.G., Zurich, Switzerland 

Printon ae New Yor 10, N. Y. 

a anhattan, Inc., Stratford, 


Peay el Paper Corp., New York, N. Y. 

SRioge! Ps Eli, Co., Worcester 9, Mass. 

*Standard Insulation Co., Inc., E. Ruth- 
erford, N. J. 

Taylor Fibre Co., Norristown, Pa. 

U. S. Polymeric Chemicals, Inc., 


Stam- 
ford, Conn. 


PAPER, PRINTED FOR LAMINATING 


American Ormapress Corp., New York, 
N.Y. 


ome Ambrogio Binda S.p.A., Milan, 
Italy 

Clopay Corp., Cincinnati 14, Ohio 
Compete Decal, Inc., Mt. Vernon, 


N.Y 
Cromwell Paper Co., Chicago 1, Ill. 
*Decotone Products Div., Fitchburg 
Paper Co., Fitchburg, Mass. 
International ’ Paper Co., New York 17, 
N. Y. 


Kaumagraph Co., Wilmington 99, Del. 
Mead Corp., Dayton, Ohio 
Morart Gravure Corp., Holyoke, Mass. 
Omapress A.G., Zurich, Switzerland 
Paper Products Development, New 
York 11, N. Y. 
* Paterson Parchment Paper Co., Bristol, 
Pa. 
Printon Corp., New York 10, N. Y. 
*Riegel Paper Corp., New York 17, N. Y. 
Riegel Paper Corp., Lassiter Div., Pater- 
son 3, N. J. 
Willson Camera Co., Havertown, Pa. 





Laminates 


and Reinforced Plastics 








CORES FOR SANDWICH 
CONSTRUCTION 


A. Balsa Wood 
B. Foamed Plastics 
C. Honeycomb 


Aeroplastics Corp., Venice, Calif. (B) 
Aircraft Ma eee s Co., Inc., Hicks- 
. A (B) 


ville, 


‘een Cork Co., Lancaster, Pa. (B) 


B. B. Chemical Co., Cambridge 39, 
Mass, (B) 
Balsa Ecuador Lumber Corp., New 
York 36, N. Y. (A) 
Brunswick Corp., Defense Products Div., 
Muskegon, Mich. (B , C 
Calumet Fiberglass Products Co., Ham- 
mond, Ind. (A, C) 


Carwin Co., The, North Haven, Conn. 
B 


% Indicates Advertiser 


Chemtron Fiber Glass Co., El Monte, 
Calif. (A, B, C) 
Dama Plastics, Inc., Springfield, Pa. 
. B, C) 
Dayco Corp., The, Dayton, Ohio  (B) 
Dimensional Plastics Corp., _—* Fe, 
*Douglas Aircraft Co., Inc., Aircomb 
Section, Santa Monica, Calif. (C) 


*Dow Chemical Co., The, Midland, 
Mich. 
Emerson & Cuming, Inc.,. Canton, 
Mass. (B) 
Englander Co., Inc., The, Industrial 


Plastics Div., Baltimore 23, Md. 
B, C) 
Flexible Packaging Div., Continental 
Can Co., Inc., Mt. Vernon, Ohio (C) 
General Tire & Rubber Co., The, 
Marion, Ind. (B) 
Glo-Brite Foam Plastic Products, Chi- 
cago 45, Ill. (B) 
Hexcel Products Inc., Berkeley 10, 
Calif (C) 


innate Balsa Corp., Jersey a 


N. J. 
Keller Products, Inc., Manchester, N. H. 
(A, B, C) 


*Koppers Co., Inc., Plastics Div., Pitts- 
burgh 19, Pa. (B 
MMM, Inc., Houston, Texas (B) 


Modular Molding Corp., Borlington, 


N. J. 
Newport Plastics Corp., Newport, Vt. 
(A, B) 
*Nopco Cation! Co., Plastics Div., N. 
Arlington, N. B 
Polystructures, Inc., Stoneham, Mass. (B) 
*Reichheld Chemicals, Inc., White Plains, 
N. Y. (B) 
Shamban, W. S., & Co., Culver City, 
Calif. (B) 
Southwestern Plastics, Inc., Houston 36, 
Texas ( B) 
Stauffer Chemical Co., Molded Prod- 
ucts Div., Los Angeles 28, California 


(B) 
Summit Industries, Ine., Gardena, 
Calif. (A, B, C) 
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LAMINATES AND REINFORCED PLASTICS 


Texstar Plastics, A Div. of The Texstar 
Corp., Fort Worth, Texas ) 


Thompson, H. 1., Fiber Glass, Los An- 


geles 7, Calif. (C) 
Toyad Corp., Latrobe, P 
United Progress, Inc., Albeny 5, N. ® 
Universal Moulded Products core: “ 
Bristol, Va. 


Urethane Corp. of America, Mating! 
Victory Plastics Co., Hudson, Mass. w} 
Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. 
Wood- Fab, Inc., Lester Prairie, MS 


HARDBOARD 


Detroit Macoid Corp., Detroit 4, Mich. 
Masonite Corp., Chicago 2, Til. 


*U nited States Gypsum Co., Chicago 6, 


Universal Meulded Products Corp., 
Bristol, Va. 

Weyerhaeuser Co., Silvatek Div., Ta- 
coma 1, Wash. 

Woodall Industries, 


Inc., Detroit 34, 
Mich. 


LAMINATES 


A. Decorative, 
High-Pressure 

B. Industrial, 
High-Pressure 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 


(A 
Allegheny Plastics, Inc., Coraopolis, Pa. 
A, B 


AR-Foch Industries, Inc., Miami 68, 


BoMyte Co., The, Silverdale, P 


(A, B) 
Buckstaff Co., The Resilyte Plastic Div., 
Oshkosh, Wis. (A) 
*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. @} 
Calfibe Co., Redlands, Calif. (A, B 
Colorvision’ Plastics, Inc., Boston 16, 
Mass. — 
*Commercial raaeies A. Supply Co 
New York 12, 
Consoweld = re Rapids, 
Wis. (A, B) 


Continental Can Co., Inc., Conolite 
Dept., Wilmington 99, Del. (A, B) 
Continental-Diamond Fibre Corp., 


Sub. of The Budd Co., Newark, Del. 


Crowl Chemical Corp., El Monte, of 


(A, B) 
Curry Arts, Scranton 9, Pa. (A, B) 


Dama Plastics, Inc., Springfield, Pa. 
J B) 

Decar Plastic Corp., Middleton, Wis. 
) 


A 

Detroit Macoid Corp., Detroit 4, Mich. 
(B) 

*Dynamit Nobel AG, Troisdorf/Kéln, 
West Germany (A, B) 


Efka Plastic Corp., Hoboken, N. J. (A) 


Engionder Co., Inc., The, Industrial 
Plastics Div,, Baltimore 23, Md. (B) 


Farley & Loetscher Mfg. Co., Plastics 
Div., Dubuque, Iowa (A, B) 


Fasson Products, Painesville, Ohio (A) 


sh Plastics Co., Oconomowoc, 
is 


% Indicates Advertiser 
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*Mico Instrument Co., Cambrid %. 


Formica Corp., The, Cincinnati 32. 
Ohio (A, B) 
Fortin Plastics, Inc., Van Nuys, Call 
Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. (B) 
General Electric Co., Laminated Prod- 
ucts Dept., Coshocton, Ohio (A, B) 
General Plastics Corp., Paterson, N. 1B} 


Hanley Plastics Co., St. Louis " . 


Haveg Industries, Inc., W‘imington 8, 
Del. (B) 


Hays Mfg. Co., Erie, Pa. (B) 


*Johns-Manville, New York 16, N. Y. 


(B) 

Laminated Papaies Comp. of Amer- 
ica, New York 1, (A, B) 
Lewis, J. P., Co., ‘the, ‘Mastic Products 
Div., Beaver Falls, N. Y. (B 
Lone Star Plastics Co., Inc., Fort 
Worth, Texas ) 
Lumar Optical Mfg. Co., Inc., Mt. 


Vernon, N. Y. (A, B) 
Malco Plastics, Inc., Baltimore 15, Md. 
(A, B) 

Mica Insulator, Div. of Minnesota 


Mining & Mfg. Co., Schenectady, 
N. Y. (A, B) 


Mass. , 
Morgan Adhesives Co., The, Mac Tac 
Div., Stow, Ohio (A) 


*National Plastic Products Co., 


Odenton, Md. (A 
*National Vulcanized Fibre Co., Wil- 
mington 99, 1. (B) 
New England Laminates Co., Inc., 
Stamford, Conn. (B) 
Northern Plastics Corp., La Crosse, 
Wis. B 
a ae Plastics Corp., New York mB 
O’Day Mfg. Corp., Fall River, a 


Parkwood Laminates, Inc., Wakefi 


Mass. (A, B) 
Permali, Inc., Mt. Pleasant, Pa. (BY 
Pioneer Plastics Corp., Sanford, Me. (A 


Plastic Industries, Inc., Athens, i 


(A) 

Plastic Laminating Corp., Vauxhall, 

N. J. A) 

Plastic Service Corp., New gf . 
N. Y. 

Plastics by Chapman, Richmond, Calif. 


(A) 
Polyply Co., San Diego 9, Calif. (A, B) 
Reiss Associates, Lowell, Mass. A) 
Reynolds Plastics, Inc., Walled Lake, 
Mich. A, B) 
ae Co., The, Melrose Pa 
Rogers Corp., Rogers, Conn. B) 
St. Regis Paper Co., Panelyte Div., 
Kalamazoo, Mich. 


Shamban, W. S., & Co., Culver oe 


Calif. 
Spaulding Fibre Co., Inc., Tonawanda, 
N. Y. (B) 
Standard Pyroxoloid Corp., Leominster, 
Mass. A 
Summit Industries, Inc., Gardena, 

Calif. 

Swedlow, Inc., Los Angeles, Calif. 

(A, B) 
*Synthane Corp., Oaks, Pa. (B) 


Taylor Fibre Co., Norristown, Pa. (B) 
Thompson, H. I, Fiber Glass, Los An- 
geles 7, Calif. (B) 
Tuff-Clad, Inc., Kent, Ohio (B) 
United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Man- 
hattan Beach, Calif. (B) 


*Dynamit 


Victory Plastics Co., Hudson, Mass. 


(A, B) 
Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. (A, B) 


Willson Camera Co., Havertown, Pe 
Wilson, Ralph, Plastics, Inc., Temp 


Texas (A 
Woodall Industries, Inc., Detroit 34, 
Mich. (A) 


LAMINATED RODS AND TUBES 


Airconductors, Gardena, Calif. 
Amercoat Corp. South Gate, os. 
Apex Reinfo Plastics Div. 
—_ g Machine Corp., evant t is 
io 
*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 
Chemtron Fiber Glass Co., El Monte, 


*Colonial Kolonite Co., ‘enEe.@ Ill. 
a ars Products 

*Commercial in by Supply Corp., 
New York 12, 


Continental- Fond Fibre , Sub, 
of The Budd Co., Newark 


Dama Plastics, Inc., heres F Penn- 
sylvania 

Dumont Corporation, San Rafael, Cali- 
fornia 


Du Verre, Inc., Arcade, N. Y. 

Nobel AG, Troisdorf/Kéln, 
West Germany 

a Plastics Corp., Bronx 61, New 
Yor 

a Corp., The, Cincinnati 32, 
Ohi 


o 

Fortin Plastics, Inc., Van Nuys, Calif. 

Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. 

General Electric Co., Laminated Prod- 
ae et Dept., Coshocton, Te 

Gla 

Hart Induseies Co, St St. Mais Shores, 
Mic 

Laat, Industries, Inc., Farmingdale, 


Leon Chemical Industries, Inc., Grand 
Rapids, Mich. 

Mica Insulator, Div. of Minnesota 
i & Mfg Co., Schenectady, 


*National Vulcanized Fibre Co., Wil- 
mington 99, Del. 
New Plastic Corp., Los Angeles 38, 


Calif, 

Pacific Plastics Co., Inc., Seattle, 
Wash. 

Permali, Inc., Mt. Pleasant, P 


Polygon Plastic Co., Walkerton, Ind. 
R. Can Co., St. Louis. 32, Mo. 


Manhattan, Inc., Stratford, 
Conn. 

*Raybestos-Manhattan, Inc., Rotaboneay 
Plastics Dept., Manheim, r 

Ren Plastics, Inc., Lansing 9, Mich. 


Resistoflex Corp., "Roseland, N. 

Richardson Co., The, Melrose Park, Ill. 

—_ Process Corp., Port Washington, 

Silicone Insulation, Inc., Bronx 61, 
N. Y. 

ans Fibre Co., Inc., Tonawanda, 


Specht Plastics, Inc., Somerset, Pa. 
Summit Industries, Inc., Gardena, 
Calif. 


*Synthane Corp., Oaks, Pa. 
Taylor Fibre Co., Norristown, Pa. 
Universal Moulded Products Corp., 
Bristol, Va. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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PRE-PREGS 
(See p. 1096) 


PREMIX 


A. Epoxy 
B. Phenolic 
C. Polyester 


*xAmerican Cyanamid Co., Plastics and 
Resins Div., Wallingford, Conn. (C) 
*American Insulator Corp., New vee. 


dom, Pa. 
B.LP. ——— Ltd., Birmingham, En; , 
lanc 


Baird Dynamic Corp., Stratford, Core 
Biggs, Carl H., Co., Inc., Santa Monica, 
Calif. A 


Blum, Paul, Co., Buffalo 10, N. Y. 
Chemical Industries, Unit of E. F. Van 

Winkle Co., Pasadena, Calif. (A, C) 
Chemtron Fiber Glass Co., El Monte, 


Calif. (A, C) 
Clinton Co., The, Chicago 22, Ill. (A 
*Colonial Kolonite Co., iscoee 47, Ill. 


’ 


(A, 
Cordo Chemical Corp., Norwalk, Conn. 
(A, C) 
Inc., Springfield, 3G 

(A, 

Dayco Corp., The, Dayton, Ohio (C) 
Fortin Plastics, Inc., Van Nuys, Calif. 
A, C) 
Los Angeles 39, 
A) 


Dama Plastics, 


*Furane Plastics, Inc., 
Calif. 
General Plastics Corp., Los Angeles 64, 


Calif. (C) 
Glastic Corp., The, Cleveland 21, oS 
Hays Mfg. Co., Erie, Pa. (C) 

*Hysol Corp., Olean, N. Y. (A) 
Keller Products, Inc. , Manchester, N. H. 


Kimball Mfg. Corp., San Rafael, Ca if. 
A 


, B, C) 

Kish Industries, Inc., Lansing 6, Mich. 
A, B, C) 

Magnolia Plastics, Inc., Chamblee, Ga. 
(A, C) 

Modules Molding Corp., Burlington, 

J. ( 

Mola: Rite Plastics, Inc., Cambridge, 


Ohio C) 
Molex Products Co., Brookfield, Il. (C) 
*National Vulcanized Fibre Co., Wil- 
mington 99, Del. (C) 
— Service Corp., New vy ' 10, 


C) 

ie ss cere Corp., Philadelphia 
(C) 

Stratford, 


Raybestos-Manhattan, _Inc., 


Conn, (A, B, C) 
Reynolds Plastics, Inc., Walled Lake, 
Mich. (C) 
Schramm Fiberglass Products, Inc., 
Chicago 18, Til. (A, C) 

* Indicates Advertiser 


Spaulding Fibre Co., Inc., Tonawanda, 
N. Y. A, B) 
*Standard Insulation Co., Inc., E. Ruther- 
ford, N. J. (C) 


United States Chemical Milling Corp., 
Omohundro sa Div., Man- 
hattan Beach, 4 (A, B, C) 

Universal Moulded Products Corp., 
Bristol, Va. (A, B, C) 


Woodall Industries, Inc., Detroit 34, 
Mich. (C) 


REINFORCED MOLDING 
COMPOUNDS 


Alkyd Base 

Diallyl Phthalate Base 
Epoxy Base 

Melamine Base 

Nylon Base 

Phenolic Base 
Polyester Base 

Styrene Base 


TOmnmoNe> 


*American Cyanamid Co., Plastics and 
Resins Div., Wallingford, Conn. (D, G) 
*American Insulator Corp., New Free- 


dom, Pa. (C, G) 
American Reinforced Plastics Co., Los 
Angeles 1, Calif. (F, G) 


American Resin Corp., Chicage 13, m 
Baird Dynamic Corp., Stratford, Com. 
Biggs, Carl H., Co., Inc., Santa Monica, 

lif. (C) 
Chemtron Fiber Glass Co., El Monte, 
Calif G) 


if. Cc, 
Clinton Co., The, Chicago 22, ur (C) 
Cm? Mfg. & Supply 4 ole ars 
tCokeiah Kolonite Co., Chicago 47, Il. 
(C, D, E, F, G, H) 
Cordo Chemical Corp., Norwalk, Conn. 
(C, F, G) 
Inc., Seeing Pa. 
» C, GC) 
Dayco Corp., The, Dayton, a (G) 

De Soto Chemical Coatings, Inc., Chicago 
23, Ill. (C) 
*Durez Plastics Div., Hooker Chemical 
Corp., N. Tonawanda, N. Y. (F) 
Emerson & Cuming, Inc., Canton, 
Mass. (C) 
Fairchild Plastics Branch, Fairchild 
om & Airplane Corp., Copiagns: 


Dama Plastics, 


*Fiberfil, Inc., Warsaw, Ind. (E, H) 


*Furane Plastics, Inc., Los Angeles 39, 
Calif. (€) 


Glastic Corp., The, Cleveland 21, ors 


LAMINATES AND REINFORCED PLASTICS 


Hays Mfg. Co., Erie, Pa. (A, B, G) 
*Hysol Corp., Olean, N. Y. (C) 
*Imperial Chemical Industries, Ltd. 

Millbank, London S.W.1, England 

Leon Chemical Industries, Inc., Grand 

Rapids, Mich. (C, G) 


Magnolia Plastics, Inc., Chamblee, Ss 
Melamine Plastics, Inc., Winona, Minn 
*Mesa Plastics Co., Los Angeles 25, 
Calif. G 
Minnesota Mining & Mfg. Co., 
ee Plastics Div., St. roa & 
Modula Molding Corp., Burlington, 


Rein- 


Mold Na hite Plastics, Inc., riot 


Ohio 
Molex “Products Co., Brookfield, Ill 
* National Vuloanined Fibre Co., Wil- 


mington 99, Del. (G) 
Newport Plastics Corp., Newport, as 
Plastronic Engineering Co., Marlbor- 

ough, Mass. (C) 

ae Chemical Corp., acer 

Raybestos-Manhattan, Inc., Stratford, 

Conn. (C, F) 

* Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. 


(C, F, G) 
Ren Plastics, Inc., Lansing 9, Mich. (C) 
ae Chemical, Inc., Wilmington 99, 


a (C, F, g 
Rogers Corp., Rogers, Conn. (B, F 
Schramm Fiberglass Products, Inc., 

Chicago 18, Ill. (C, G) 
U. S. Polymeric Chemicals, Inc., Stam- 
ford, Conn. (C, F, G) 
Universal Moulded Products Corp., 
Bristol, Va. (C, D, F, G, H) 
Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. (C, F, G) 
Woodall Industries, Inc., Detroit 34, 
Mich. (G) 


VULCANIZED FIBRE 


*Colonial Kolonite Co., Chicago 47, Ill. 


Continental-Diamond Fibre Corp., Sub. 
of The Budd Co., Newark, Del. 


*Dynamit Nobel AG, Troisdorf/Kéln, 
West Germany 

Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. 


*National Vulcanized Fibre Co., Wil- 
mington 99, 


Sventens Fibre Ga. Inc., Tonawanda, 


Taylor Fibre Co., Norristown, Pa. 
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Machinery and Equipment 








ABRASIVE FORMING MACHINES 


Bliss, E. W., Company, Canton 10, 
Ohio 
*Engineering Laboratories, Inc., Pomp- 
ton Lakes, N. J. 
*Erie Foundry Company, Erie, Pennsyl- 
vania 


*G . ues Co., Inc., Franklin Lakes, New 


*M " oN Modern Hydraulic Press Co., 
Inc., Clifton, N. J. 
Telemat Corporation, Worcester 3, 
Massachusetts 
White, S. S., Dental Mfg. Co., Indus- 
trial Div., New York 16, N. Y. 


ACCUMULATORS 


A. Air Ballasted 
B. Hydropneumatic 

C. Weight 
*Adamson United Co., Akron 4, Ohio 
(A, B, C) 
Aldrich Pump Co., The, Allentown, Pa. 
(B, C) 
*B.LP. Engineering, Ltd., Sutton Cold- 
field, Warwickshire, England (B) 
Baldwin-Lima-Hamilton Co 
Equipment Div., Philadelp 


Industrial 
iia 42, Pa. 

(B) 

Inc., Brooklyn 10, 

(A, B) 


Beltran Associates, 

N. Y. 
Bethlehem Steel Co., Bethlehem, Pa. 
( 


A, B) 

Bradley & Turton, Ltd., Kidderminster, 

England (C) 
Dunning & Boschert Press Co., Inc., 

The, Syracuse, N. Y. (C) 


Elmes/King Div., American Steel Foun- 
dries, Cincinnati 29, Ohio (A, C) 


%Erie Foundry Company, Erie, Pennsyl- 


vania (A, B, C) 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. (B, C) 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio (B, C) 


Greer Hydraulics, Inc., Westbury, N. Y. 
(B) 


*Hochman Plastics Machinery Corp., 
Newark 2, N. J. (A, B, C) 


eK; —— Machine sry Corp., Chicago 11, 


(A, B) 

La i. Machinery Corp., Buffalo 

% 4 (A, B, C 

*Le oh Mac ‘thine Works, Inc., Paterson 
4, N. J. (C) 
Machine Factory & Foundry, Ltd., Net- 
stal, Netstal, Switzerland (A, B) 
*Miller Fluid Power Div., Flick-Reedy 
Corp., Bensenville, Iil. (B) 
*Pyles Industries, Inc., Sub. of Kent- 
Moore Org., Inc., Detroit 41, Mich. 


ll, England 
Siempelkamp, G., & Co., Krefeld, West 


(B) 
*Shaw, Francis, & Co., Ltd., Manchester 
(C) 


Germany (A, B) 
Symons, Ralph B., Associates, Inc., 
Tiverton, R. 1. A) 
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*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, ~~ Ae! 


*Watson-Stillman Press nil Farrel- 

Birmingham Co., Inc., Rochester 10, 

N. Y. (A, B, C) 

*Werner & Pfleiderer, Stuttgart, West 

Germany (A, B) 

*Wood, R. D., Co., Philadelphia 5, ¥: 
( 


> 


AIR COMPRESSORS 


(Air Presses) 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis 


* Binks Mfg. Co., Chica a a Il. 
Chicago Pneumatic Tool Co., New York 
17, N. ¥ 


*DeVilbiss Co., The, Toledo 1, Ohio 
Electric Trading Company, New York, 
New York 
Famco Machine Co., Kenosha, Wis. 
*Flexible Products Co., Marietta, Ga. 
Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. 
* Hochman a6! Machinery Corp., 
Newark 2, N. J. 
Japan Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 
* Lawton, C. A., Co., The, De Pere, Wis. 
Leiman Bros., 'Inc., Newark 1, N. J. 
Lines Engineering Co., St. Louis 20, 


Cambridge 38, 
The, S. Nor- 


*Mico Instrument Co., 
Mass. 
Nash Engincssing Co., 
walk, Conn. 
Pennsylvania Pump & Compressor Co., 
Easton, Pa. 
Quincy Compressor Co., Quincy, Ill. 
*Rainville Co., Inc., The, Garden City, 


Worthington Corp., Harrison, N. J. 


ARBOR PRESSES 
*Acromark Co., The, Elizabeth 4, New 


Jersey 
Bellows-Valvair, Div. of IBEC, Akron 
9, Ohio 
*Dake Corporation, Grand Haven, Mich. 
Dunning & Boschert Press Co., Inc., 
The, Syracuse, N. Y. 
Elmes/King Div., American Steel Foun- 
dries, Cincinnati 29, Ohio 
Famco Machine Company, 
Wisconsin 
Greenerd Arbor Press Co., 
N. H. 


Kenosha, 
Nashua, 


Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. 
* Hochman Plastics Machinery 
Newark 2, J. 
yee Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 
*Lawton, C. A., Co., The, De Pere, Wis. 
Machine Factory & Foundry, Ltd., Net- 
stal, Netsal, Switzerland 
*Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc., Rochester 10, 
Wo. Be 


Corp., 


AUTOCLAVES 


*Adamson United Co., Akron 4, Ohio 
Artisan Metal Products, Inc., Waltham 
54, Mass. 
Beltran Associates, Inc., Brooklyn 10, 
N. Y. 


Berstorff, Hermann, Maschinenbau 
GmbH, Hannover, West Germany 
Bethlehem Steel Co., Bethlehem, Pa. 
Blaw-Knox Co., Pittsburgh 22, Pa. 
*Blue, E. B., Co., S. Norwalk, Conn, 
Blue M Electric Co., Blue Island, Il. 
*Bolling, Stewart, & Co., Inc., Cleve- 
land 27, Ohio 
Buss, Ltd., Basel, Switzerland 
Continental Paany Co., Inc., New 
York 7, N. 
een iP. Mf. Co., Pittsburgh 1, 


«First "Machinery Corp., Brooklyn, New 


or 
*Hochman Plastics Machinery Corp, 
Newark 2, N. J. 
*Hull Corp., Hatboro, Pa. 
Iddon Brothers, Ltd., Leyland, Lanca- 
shire, Engla nd 
jase Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japa 
Multiplastics, Ac een Ill. 
Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio 
Seal Cast Co., Inc., Philadelphia 25, Pa. 
Tower Iron Works, Inc., Seekonk, Mass. 


BAG MAKING MACHINES 
(For Polyethylene and Polypropylene} 


*Conapac Corp., New York 3, N. : 
*Food Machinery & Chemical Co 
Chemicals & Plastics Div., New Y 


N. Y. 

*Guild Electronics, Py Dynatherm Div., 
New York 13 

*Hamac ooh Hy ‘Maschinen GmbH, 
Diisseldorf, West Germany 

*Jchnson Mfg. Co., Inc., Chippewa Falls, 
Wis. 


Schieldahl, G. T., Co., Northfield, Minn. 
Sealaround Corp., Chicago 16, 
*Stokes, F. J., Corp., Philadelphia 20, 


Pennsylvania 


BALING MACHINES 


Consolidated nis Machine Co, 
Brooklyn 15, N. 
oman Henning Mf. Co., Milwaukee 
Wis 


Golborne & O’Brien Electric Co., Chi- 
cago 6, Til. 

Industrial Vibrator & Machinery Co., 
San Francisco, Calif. 


Lake Engineering Company, Ham- 
mond, Indiana 


Loeser, E. W., Company, Buffalo 11, 
New York 

Logemann Eros. Co., Milwaukee, Wis. 

Lombard Corp., Youngstown 3, Ohio 


Minnich Machine Works, Waynesboro, 
Pa, 


Tonawanda Engineering Co., 
wanda, N. Y 


Tona- 


(For complete addresses, see Alphabetical Index, p. 1179) 
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BARRELS, TUMBLING 
a paaning Co., New York 17, 


as al yr nar & Mfg. Co., Inc., 
Yonkers, N. 

Chicago Wheel & Mfg. Co., Canes, tl. 

Continous . amped Co., , New 


York 7, 
Crown Shachinsey, Inc., Los Angeles 
11, Calif. 


*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 

Ferry Machine Co., Kent, Ohio 

General Machine Co. of New Jersey, 
Newark 12, N. J. 

*Hochman Plastics Machinery Corp., 
Newark 2 Be 

kInjection Molders Supply Co., Cleve- 
la Ohio 

Kramer, H. W., Co., Inc., Richmond 
Hill 18, N. Y. 

Lord Chemical Corp., Sub. of Wheelabra- 
tor Corp., York, Pa. 

*Lupoline Automatic Polishing Equip- 
ment Corp., Bronx 70, N.Y. 

Morse Mfg. Co., 
N. Y. 


Inc., : Syracuse, 


Rampe Mfg. Co., Cleveland 10, Ohio 

Ransohoff Co., Hamilton, Ohio 

Siebert, R. R., Co., The, Rochester 4, 
N. Y¥ 


Teww Iron Works, Inc., Seekonk, Mass. 
Tumb-L-Matic, Inc., Stamford, Conn. 
Wheelabrator Corp., Mishawaka, Ind. 


BLOW MOLDING MACHINES 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 

*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 


Ames Plastic Machinery Corp., Rego 
ae 


Park 74 
*Atlas Vac-Machine Corp., Rochester, 
N.Y 


*tAuto- Blow Corp., a tS gt of National 
Cleveland Corp., Fairfield 


*Baker Perkins (Exports), Ltd., oe 
W.1, Eng 

Baker Perkins Granbull, Ltd., Kingston- 
on-Thames, Surrey, England 

ae Corp.. of America, Chicago 
3, IL 

*Battenfeld Maschinenfabriken GmbH, 
Meinerzhagen/Westf., West Germany 


Baumann, Franz, & Co., Zurich 1, Switz- 
erland 


Bekum, Berliner Kunststoff-Verarbeitung 
GmbH, Berlin-Mariendorf, West Ber- 
lin, Germany 

*Covema s.r.l., Milan, Italy 


Daniels, T. H. & J., Ltd., Stroud, Glouces- 
tershire, England 
Danish Plastics, Copenhagen, Denmark 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Delamere & Williams Co., Ltd., Div. of 
Pneumatic Scale Corp., Toronto, Ont. 
sh ennai Co., Inc., Newark 3, 


*European Plastic Machinery AB, Mal- 
moe, Sweden 
Fischer, Johann, Maschinenbau, Loh- 
mar, Bez., Cologne, West Germany 
Harti Extroders, Waldron-Hartig Div., 
Midland. Ross Corp., Westfield, N. J. 
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*Hochman Piste Machinery Corp., 


Newark 2, 
i 


Kato Setthakusho Go 
*Kautex-Werke Needs ipa, Tokye 
gelar uber Siegburg, West Ban 
*Logan Hydraulics, Inc., Chicago 30, 
Machine Factory & Foundry, td., Net- 
stal, Netstal, Switzerland 
*Mitsui & Co., Ltd., Tokyo, Japan 
*Modem Flasie Machinery Corp., Clif- 
ton 
MOI Giu , Milan, Ital 
*Moslo Machin inery Co., Cleveland 15, 


Ohi 
*National Bete Machinery Co., Akron 


*Negri Bossi & C., Milan, Italy 
Plastics Boeki Co., Ltd., Tokyo, Japan 
*Prodex Corp., Conds N. 
*Producto Machine Co., The, Bridge- 
port, Conn 
Quali Machine Co., Y. 
*Rainville Co., Inc., he c Gander City, 


N. Y. 
*Rudolph, Martin, Velbert, West Ger- 
many 
Samafor, La Courneuve, Seine, France 
*Stokes, F. J., Corp., Philadelphia 20, Pa. 
Tayklo Co., Ltd., The, Galt, Ont. 
*Triulzi, iy Off., s.a.s., Milan, Italy 
*Williams-White & Co., Moline, II. 


BOILERS 
mire Associates, Inc., Brooklyn 10, 


Bros., Inc., Minneapolis 14, Minn. 

Buss, Ltd., Basel, Switzerland 

Cyclotherm Div., National-U. S. Radia- 
tor Corp., Oswego, N. Y. 

Ectiow Fuel Engineering Co., Rock- 
0 


aia Machinery Corp., Brooklyn 15, 


* Hochman Wlasties Machinery Corp., 

Newark 2, 
Mean Kane Ofel t, Inc., Bridgeport, 

Pa. 

*Orr & Sembower, Inc., Reading, Pa. 

*Pantex Mfg. Corp., Pawtucket, R. I. 

*Rainville Co., Inc., The, Garden City, 
N. Y. 


CALENDERS 


*Adamson United Co., Akron 4, Ohio 
—. Associates, Inc., Brooklyn 10, 


Berstorff, Hermann, Maschinenbau 
GmbH, Hannover, West Germany 
*Black-Clawson Co., The, Dilts Div., 

Fulton, N. Y. 
*Bolling, Stewart, & Co., Inc 
land 27, Ohio 
Butterworth, H. W., & Sons Co., Div. 
of Van Norman Industries, Inc., 
Bethayres, Pa. 
Celi Sere Elettromeccanica Itali- 
ana s.r.L, Milan, Italy 
Continental ny Co., Inc., New 
York 7, 
Custom act & Design, Inc., Ak- 
ron 9, Ohio 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 
“~~ t pcp Corp., Brooklyn 15, 


, Cleve- 


*Hochman Plastics Machinery Corp., 
Newark 2, N. 
J MC Co.,, Newark 5, N. J. 
Japan an Steel Works, Ltd., The, Chiyoda- 
u, Tokyo. Japan 
* Johnson Machinery Co., Elizabeth, N. J. 


MACHINERY AND EQUIPMENT 


*Kleinewefers, Joh., Stéhne, Krefeld, 


suing Sead, Tayo, J 
i t okyo, 
*Reliable Rubber, & » Meahtnesy 
"bergen, N 


Co. 
Rows, Chatles, Son Co., {eae 5, 
*Shaw, ape sa & Co., Ltd., Manchester 


1, En 
Sherman Rubber Co., Div. of Botwinik 
a of + Mon. Inc., Worcester, — 


PD, a Sons, Div. of J. M 
la PP hog Co., " Inc., Lyndhurst, Mr 
Toko Machine Industry Co., 


Tokyo, Japan 
Van Viaanderen Machine Co., Paterson, 


N., J. 
Verdin, John, Machine Corp., Pater- 
son 4, N. J. 
CALENDERING EQUIPMENT 


*Adamson United Co., Akron 4, Ohio 
Beltran Associates, Inc., Brooklyn 10, 


N. Y. 
Butterworth, H. W., & Sons Co., Div. 
of Van Norman Industries, Inc., 


Bethayres, Pa. 

Celi se tig Elettromeccanica Itali- 
ana s.r.l., Milan, Italy 

Continental Machinery Co., Inc., New 
York 7, N. Y. 


*Farrel-Birmingham Co., Inc., Ansonia, 


onn. 
Gerin Mfg. Co., Inc., Newark yf oS. J. 
Hale & Kullgren, Inc., Akron, 
*Hochman Plastics + ree lg en. 
Newark 2, N. J. 
* Johnson Machinery ( Co., Elizabeth, N head 
*Kleinewefers, Joh. Séhne, Krefel 
West Germany 
*Liomty Machine Co., Inc., Paterson 4, 


N. J. 
*Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N. 
a Engraving Works, Rochester 2, 
Y 


eS Charles, & Son Co., Brooklyn 5, 


*Shaw, oe & Co., Ltd., Manchester 
11, Engla nd 
T f M ee Sales Corp., Brook- 
yn 22 
Verduin, rom. Machine Corp., Pater- 
son 4, 


COATING MACHINES 
(Not for Extrusion Coating) 
(See also Wire Coating Machines) 


._ A. Air Knite Coating 

B. Dip Coating 

C. Flame Spraying 

D. Roller Coating 

Extrusion Coating 

{Refer to Extruders, p. 
1107 and Take-Off Equip- 
ment, p. 1121) 


At Fea Machine Corp., Chica 
*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 


*Apex Machine Co., College Point 56. 
N. Y. (B, DS 
Beltran Associates, Inc., Brooklyn 10, 
N. Y (C, D) 


Conn. 
Black Bros. Co., Inc., Mendota, Ill. (D) 


Bischoff Chemical Corp., Ivorytem 
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MACHINERY AND EQUIPMENT 


*Black-Clawson Co., The, a Div. 
Fulton, N. Y. A, B, D) 
*Blue, E. B., Co., S. Norwalk, se (B) 
Brooklyn Blower & Pipe Corp., 
lyn, N. (B) 
*Conferming ’ Matrix Corp., Toledo ie 


Continental Machinery Co., Inc., New 
York 7 » 'B, B 
Cooper, >. ‘G. Co., Chicago 5, i. 
*DeVilbiss Co., The, Toledo 1, CO (B) 
Drying Systems Co., Chicago 40 Ill. 
(B, D) 

ea John, Co., Inc., ee 
(D 


Ep, "veal W., & Co., Seng, 


A, D) 
*Faeco Machine Co., Inc., Pateuen, 
N, J. (A, B, D) 
*Finish Engineering Co., Inc., Erie, 
Pa, (D) 

* Hochman PPecties Machinery Co 
Newark 2, N. J. (A, B, BS 
Hunt, Rodney, Machine Co., Oran e, 
Mass. fb} 


* Industrial Ovens, Inc., Cleveland 11, 
Ohio 


(B j 
am | a Roto Machine Co., Richmond 3, 
o) 


* Johnson Machinery Co., Elizabeth, N. 
Ketchpel Engineering Co., West ae 
wood, N. J. D) 


Liberty Machine Co., Inc., me, 4, 
D 
Litzler, C. A., Co., Inc., PR 


Ohio (A, BD 
Mercury Molding Machinery, why 
Yonkers, N. Y. (B) 


Metalwash Machinery Corp., Elizabeth, 
N, J. (B) 


Monkley Corp., Worcester 8, Mass. 
A, B, D) 
Moore, Kenneth J., & Co., Chicago 26, 
il. (D) 


Polymer Corp., The, Whirlclad Div., 
Reading, Pa. (B) 


Potdevin Machine Co., Teterboro, N. J. 
(D) 


Quelcor, Inc., Chester, Pa. (B) 


Ramco Equipment Corp., Div. of Ran- 
- oe Co., Inc., New York 59, 
3, (B) 


hada. Inc., Bound Brook, N. J. (D) 
Rutherford Machinery Co., Div. of Sun 
Cc rT Corp., East. —a 


Scher B ieee Corp., Port wane, 


Modis Alexander J., Co., 
Fonda, N. Y. (B, a 


*Shaw, Francis, & Co., Ltd., Manchester 
ll, Englan : 
Sherman Rubber Co., Div. of Botwinik 

Bros, of Mass., Inc., Worcester, Mass. 
(A, B, D) 

—_— Associates, Inc., New York 16, 
. 


T&M Teale Mig Sales Corp., Brook 


lyn 22, N (B, D) 
Toko a Industry Co., Ltd., 
Tokyo, Japan (A, B, Cc, D} 
Union Tool Corp., The, Warsaw, Ind. 
(A, B, D) 


Verduin, fone, Machine Corp., Pater- 
son 4, J. (B, 
*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, N. J. 

(A, B, D) 
Wallace; L. R., & Co., Pasadena 1, 
Calif. (D} 


— % Indicates Advertiser 
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Web Controls Corp., W. Engewort, 


N. J. 
Weiss, Albert, Machine Co., Inc. 
Brooklyn 32, N. Y. (D} 
GmbH, Offenbach/ 
Main, West Germany (D) 


COMPOUNDERS 
(See Extruders, Mills, Intensive Mixers) 


COMPRESSION PRESSES 


A. Fully Automatic 
B. Semi-Automatic 
C. Hand-Operated 


A.M.LL., Paris 17, 
*Adamson United _ “Akron 4 oe 
Aine My feues Div., Delaware Valley 
Mfg. Co., , Philadelphia 34, Ta. 


ag Co., Sub. of Wagner Bros., 
Inc., . Los Angeles 64, _ iC) 


(A, 
B & T Machinery Co., Holland, Md, Mich, 
*B.L.P. Engineering, Ltd., au Bai 
field, Warwic e, England (A, B) 
Bachmann, W. M., Associates, Clear 
Lake, Iowa 


(A, B, 
Baker Bros., Inc., Toledo > Ohio (A 


Baker Perkins Granbull, L 
on-Thames, Surrey, Eland 
Baldwin-Lima-Hamilton Corp., ah 
we Equipment Div., me 
a. ’ 


a a Corp. of America, Giicap 1S 
*Battenfeld Maschinenfabriken a 


Meinerzhagen/Westf » West Cormany 
*Becker & Van Hiillen, Krefeld, West 
Germany (A, B, 


Berthelsen Engineering, Joliet, wh 


Birdsboro Corp., Birdsboro, Pa. (B, C) 
Bliss, E. W., Co., Canton 10, Ohio 
*Bolling, Stewart, & Co., Inc., Cleve- 
27, Ohio 
Bradley & Turton, Ltd., Kidderminster, 
England (B, C) 


*Campbell-Kent, Cuyahoga Falls, Ohio 
(A, B) 


*Carver, Fred S., Inc., Summit, N. J. (C) 
Clearing Div. of U.S. Industries, Inc 


Chicago 38, Il (A, B) 
a Hydraulic Press Co., oe, 
Consolidated | Baling ine Co, 
*Covema s.r.l., Td ‘Italy (A, B, C) 


Custom Machine & Design, Inc., Akron 

9, Ohio (A, B, C) 

*Dake Corp., Grand Haven, Mich. 
( 


, B, C) 
Daniels, T. H. & J., Ltd., Stroud, 
Gloucestershire, En (A, B, C) 


*Danly Machine Specialties, Inc., Chi- 
cago 51, Il “ 
*Danson, Barnett J., & Associates, Ltd., 

Toronto 12, Ont.,Canada (A,B,C) 
Davidson-Kennedy Co., a 18, o. 
Dunning & Boschert Press Co., Inc., 

The, Syracuse, N. Y. 

Elmes/King Div., American Steel Foun- 

dries, Cincinnati 29, Ohio (B, C) 

*Erie Engine & om Co., Erie, Pa. 


A, B, C) 
*Erie Foundry Co., Erie, Pa. (A, B, C) 


Famco Machine Co., Kenosha, Wis. 


(A, B,C) 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. (B 


Ferracute Machine Co., Bridgeton, N. 
Fjellman American, Inc., Joliet, in 


*French Oil Mill Machinery Co., The, 


Piqua, Ohio (A, B, C) 
—- Arbor Press Co., a 
Greenlee Bros. & Co., Rockford, Ht 
Hannifin Orn Div. of Parker-Hannifin 

Corp., Plaines, Il. (B, C) 

* Hochman “Plates M Corp. 

Newark 2, (A, B, C} 

— Stenley “H. , Co., Chicago 31 
*Hull Corp., Hatboro, Pa. (A, B, 


*Hydraulic Press Mfg. Co., The, A Div. 
of Koehring Co., Mount Gilead, Ohio 


(A, B) 

Iddon Brothers, Ltd., Leyland, Lanca- 
shire, England (B, C) 
ages Machinery, Inc., —_ 
Japan Sie Me Ltd., The, Chi odet 
gan § Tokyo, Japan (A. B) 


* Johnson Machinery Co., Elizabeth, N. } 
*Karlton Machinery Corp., Chicago 11, 
Ill. A, B, C) 
cor Engineering Co., West Engle- 


J 
King ae Murphy Co., Los 
Calif. (A, B, C) 
Kouth Engineering Co., Chicago, Mh 


Lake ‘Erie Machinery Corp., Buffalo 17, 
N. Y. (A, B) 
*Lawton, C. A., Co., The, De Pere, Wis. 
Lempco Industrial, Inc., Bedford, Ohio 
Lolo & Shipley Co., The, Cincinnati 
25, Ohio (B) 
“oo Hydraulics, Inc., Chicago 30, 


> 


London & Scandinavian Metaliorg at 

Ltd., London S.W.19, England C) 

Loma Engineering & Mfg. Co., Cald- 
NY. (A, 


*M ke ; aii H ulic Press Co., 
Inc., Clifton, N. J. (A, B, 
Machine Factory & Foundry Ltd., 

Netstal, Netstal, Switzerland 
at England Butt Co., Providence 


Pasndene Hydraulics, Inc., El Monte, 
Calif. , B, 
*Premix, Inc., Conneaut, Ohio (A, B, C) 
Rodgers Hydraulic, Inc., Minneapolis 

26, Minn. (A, B, C) 
Sheridan-Gray, Inc., Seasenee. x tty 
Siempelkamp, G., & Co., Krefeld, West 
Germany (A, B, C) 
Springfield Cast Products, Inc., Spring. 
field 9, Mass. ( ) 
*Standard Tool Co., Leominster, Mom 


woe, F. J., Corp., mais: 3 
Pi Bol B., Associates, Inc., Tiv- 


erton, R » D, 
Taccone Corp., North East, Pa. 
(A, B, C) 
*Triulzi, A., Off., s.a.s., Milan, Fas | © 


*Tronomatic pes Mfg. Co New 
York 54 (A.B, 
Verduin, 


tad , a Corp., am 
son 4, J. (A, B) 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Wem Allsteel Press Co., Chicago % 
iil. . 
Wabash Metal Products Co., Inc., wa 


bash, Ind. (B, 

*Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc., Rochester is} 
N. Y 


#Williams-White & Co., Moline, uh 
*xWood, R. D., Co., Philadelphia 5, Pa. 


CONTROLLERS 
(See Instruments) 


CONVEYORS 


A. Belt 
B. Mechanical 
C. Pneumatic 


Abbott Paste Machine Corp., Chicago 
26, Ill. 


*Akron Extruders, Akron 14, Ohio (A) 
Ames Plastic Machinery Corp., Rego 

Park 74, N. Y. (A, B, C) 
*Baker Perkins (Exports), Ltd., London 


W.1, England A, B, C) 
Beltran Associates, Inc., Booskivs 10, 
, B, C) 


*Blue, E. B., Co., S. Norwalk, pwhe (B) 
Brooklyn Blower & Pipe Corp., Brook- 
lyn, N. Y. (B) 
Buhler Bros., Uzwil, Switzerland (B, C) 
Carolina Machinery Co., Sub. of Curla- 
tor Corp., Charlotte 1, N. C.  (B) 
Carpco Mfg., Inc., Jacksonville 6, Fla. 
Chain Belt Co., Milwaukee 1, Wis. 
Clark-Aiken Co., The, Lee, Mass. (A) 
Cleveland Vibrator Co., The, Cleveland 
13, Ohio (B, C) 
Cooper, D. C., Co., Chicago 5, Ill. 
*Covema s.r.L, Milan, Italy 
Daffin Mfg. Co., Lancaster, Pa. (C) 
Day, J. H., Co., The, Div. of The 
Cleveland Automatic Machine Co., 
Cincinnati 12, Ohio 
Dracco Division of Fuller Co., Cleve- 
land 5, Ohio (C) 
*Egan, Frank W., & Co., Somerville, 
N. J. (A) 


Emery, Vern, Co., Sun Valley, Calif. 
*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio (A) 
Ferry Machine Co., Kent, Ohio 


*Getty Machine & Mold, Inc., Clifton, 
N. J. (A) 
*Gurey Mfg. Co., Brooklyn 87, N. Y. 
(A, B) 


—— Products, Inc., Woodhaven 21, 


Indiana Commercial Filter Corp., Leb- 
anon, Ind. 
— Equipment Corp., Miami rs 


Je onings Baginsering Co., Philadel- 


phia 4, Pa. 
*Karlton Machinery Corp., Chicago, a 
B 


*Kleinewefers, Joh., Sdhne, Krefeld, 

West Germany (B) 

L, & P Tool Co., Cincinnati 25, Ohio 

Lavorazione Materie Plastiche, S, A. S., 
Torino, Italy 


* Indicates Advertiser 


Leon Machine & Engineering Co., 
Riverside, N. J. 


*M- a" ees Corp., Jersey 4 3} 


Mag Jie Gnpineesing & Mfg. gs 
on, N. 
pasanee Heat ‘Sealing Equipment Co., 
Philadelphia 33, Pa. 
Mercury Industries, Inc., Hillsdale, Ni 


Mercury Molding Machinery, Inc., 
Yonkers, N. Y. (A) 
Metalwash Machinery Corp., > Els 
N. J. A, 
&Mitchell Specialty Div., Novo Industrial 
Corp., Philadelphia 36, Pa. (B, C) 
*Modern Plastic Machinery Corp., Clif- 
ton, N. (A) 
Motch & Merryweather Machinery Co., 
The, Cleveland 17, Ohio 
*National Rubber Machinery Co., Akron 
8, Ohio A, B) 
Plastic yentaate, Div. of The Wood- 
man Co., Inc., Decatur, Ga. (A, B) 
*Prodex Corp., Fords, N. J. (A) 
Pulverizing Machinery Div., Metals 
Disintegrating Co., Inc., Summit, 
N. J. 


Rainco Mfg., Inc., Franklin, Pa. 
Rapids Machinery Co., Marion, Iowa 
(A, B) 
Read Standard, Div. of Capitol Prod- 
ucts Corp., York, Pa. 
*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 


(A, B) 
Robinson Air-Activated amid Sys- 
tems, New York 11, N. Y. (C) 


Simon-Carter Co., 
Minn. 

Spencer Turbine Co., Hartford 6, Conn. 

Sprout, Waldron & Co., Inc., Muncy, 
Pa. (C) 

Standard Conveyor Co., North St. Pt) 


‘Minneapolis 18, 
(C) 


9, Minn. 
*Sterling Extruder Corp., Linden, NI; 
Suffolk Associates, Inc., New York 16, 
N. Y. (B) 
Syntron Co., Homer City, Pa. 
T&M Textile Mfg. Sales Corp., Brook- 
lyn 22, N (A, B) 
Tote Sy stem ang Beatrice, Neb. (B, C) 
Tower Iron Works, Inc., Seekonk, Mass. 


(C) 
*Tronomatic Machine Mfg. Corp., New 
York 54, N. Y. (A, B, C) 


Union Tool Corp., The, Warsaw, Ind. 
Van Vlaanderen Machine Co., Pater- 


son, N. J. (B) 
Verduin, John, Machine Corp., Pater- 
son 4, 
Wallace, L. R. & Co., Pasadena 1, 
Calif. 


Ween, Douglas C., Co., Glenside, 


* Whitlock Associates, Inc., Oak Park 37, 
Mich. (B, C) 
Wilkinson Co., Akron 10, Ohio (A, B) 
ween Gabriel, Co., Inc., ypowert, 
: Me (A, B, C) 
Buck: Machinery Co., Inc., The, 
Muncy, Pa (C) 


COOLING DEVICES 


Al-Be Industries, South Gate, Calif. 
*Akron Extruders, Akron 14, Ohio 


Ames Plastic Yacitony Corp., R 
Park 74, N. Y - 


MACHINERY AND EQUIPMENT 


Anson Tools & Cages, Inc., Erie, Pa. 
Artisan Metal Products, Inc., Waltham 


54, Mass. 
Beltran Associates, Inc., Brooklyn 10, 


N. Y. 
*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 
Blue M Electric Company, Blue Island, 
Illinois 


Brooklyn | om & Pipe Corp., Brook- 


Butterworth, H. W., & Sons Co., Div. 


of Van Norman Industries, Inc., 
Bethayres, Pa. 

ee, Frank W., & Co., Somerville, 

Electric Hotpack Co., Inc., The, Phila- 
delphia 35, Pa. 


ag Trading Co., New York 13, 


i 


Essex Plastic Machinery Co., Inc., Bev- 


erly, Mass. 
*Getty Machine & Mold, Inc., Clifton, 
N 


*Goulding Mfg. Co., Saginaw, Mich. 
AOteny onan Co., Brooklyn 37, 


findepi Mfg. Corp., Indianapolis 4, 


*Industrial Ovens, 
hio 
* Injection Molders Supply Co., Cleve- 
and 28, Ohio 
J] M C Co., Newark 5, N. J. 
*Kleinewefers, Joh., Sédhne, 
West Germany 
L -® Tool Company, Cincinnati 25, 
io 
Lavorazione Materie Plastiche, S.A.S., 
Torino, Italy 
ner 7 — Works, Inc., 


Inc., Cleveland 11, 


Krefeld, 


Paterson 
eg | Machine Co., Inc., Paterson 4, 


acd» pectqpenting Engineers, Inc., 


Lincoln Park, N. J. 
Meow Industries, Inc., Hillsdale, 


Mercury Molding Machinery, Inc., 
Yonkers, N. Y 
*Modern Plastic Machinery Corp., Clif- 
ton, N. J 
*Mokon Div., 
Inc., Buffalo 23, 
Motch & Merryweather \amaead Co., 
The, Cleveland 17, Ohio 
*National Rubber Machinery Co., Ak- 
ron 8, Ohio 


Niagara Blower Co., New York 17, 
eh 


Protective Closures Co., 


Par-Vin Co., Batavia, N. Y. 


Peuchen Engineering Corp., Wilming- 
ton 4, Del. 


ae Co., Inc., The, Garden City, 
Saren, Inc., Chicago 51, Ill. 

*Sterling, Inc., Milwaukee 23, Wis. 
on Aenean, Inc., New York 16, 


Tenney Engineering, Inc., Union, New 
Jersey 
*Tronomatic piagnine Mfg. Corp., New 
York 54, N. 


Verduin, a fate Corp., Pater- 


son 4, 

Vic Manufacturing Co.,. Minneapolis, 
Minn. 

*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, 


Wilkinson Co., Akron 10, Ohio 
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MACHINERY AND EQUIPMENT 
COOLING TRAINS 


*Adamson United Co., Akron 4, Ohio 
*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 

Butterworth, H. W., & Sons Co., Div. 
of Van Norman Industries, Inc., 
Bethayres, Pa. 

Continese Machinery Co., Inc., New 
Yor! 

Entwistle Nite, Corp., Providence 7, 


foun Plastic Machinery Co., Inc., Bev- 


erly, Mass. 
*Faeco Machine Co., Inc., Paterson, 
N 


*Goulding Mfg. Co., Saginaw, Mich. 
tents meng Works, Inc., Paterson 
@, Wee Be 
*Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N. J 
T & M Textile Mfg. Sales Corp., Brook- 
lyn 22, N. Y. 


CUT-OFF MACHINES 


Al-Be Industries, Sauth Gate, Calif. 
Allison-Campbe bell Div., American Chain 
& Cable Co., Inc., Bridgeport 2, 


Conn. 
Barker-Davis Machine Co., Inc., Leom- 
inster, Mass. 
Beck, Charles, 
of Prussia, Pa. 
Bennett, Richard C., Mfg. Co., Lacey- 
ville, Pa. 
*Campbell-Kent, casmay Falls, Gite 
Continental Machinery Inc., 
York 7, N. Y. 
*Covema s.r, Milan, Italy 
*Cumberland Paginsesing Co., Inc., 
Providence 1, R 
DeWalt, Inc., Lim Pa. 
DoAll Co.., The, Des Plaines, Ill. 


Eisler Engineering Co., Inc., Newark 
3, N. J. 


Machine Corp., King 


Emery, Vern, Co., Sun Valley, Calif. 


Essex Plastic Machinery Co., Inc., Bev- 
erly, Mass. 


*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio 


Famco Machine Co., Kenosha, Wis. 


*Farris Universal Machine Corp., Pali- 
sades Park, N. J. 


Ferry Machine Co., Kent, Ohio 
*Foster & Allen, Inc., Chatham, N. J. 
oy & Mold, Inc., Clifton, 


*Hobbs Mfg. Co., Worcester 5, Mass. 


* Hochman Plastics Machinery Corp., 
Newark 2, N. J. 


*Johnson Machinery Co., Elizabeth, N. J. 
—— Oscar L, Inc., Jersey City 6, 


mates Engineering Co., West En- 
glewood, N. J. 
*Kleinewefers, Joh., Sthne, Krefeld, 


West Germany 
*Lupoline Automatic ge | Equip- 
ment Corp., Bronx 70, 
*kLynch Corp., Plasti 
% Formerly wae ce, De 
Corp.), Elkhart, Ind. 
Mereen Johnson Machine Co., 
apolis 12, Minn. 
Motch & ponyecatees Machinery Co., 
The, Cleveland 17, Ohio 
sOrment J Mach. Co., phe New York 12, 


Minne- 


*% Indicates Advertiser 


*Spepeive | ee Co., Inc., Pater- 
*Ralovill Gor Inc., The, Garden City, 


sai wer P toe, — 
TO Z-KO est 
Sherman Rubber Co., Div. of Botwink 
Bros. of Mass., Inc., Worcester, Mass. 
ag ae sen 1 "Inc., Philadelphia 24, 


Pcten- & Maca Glass Machinery Co., 
Chicago 50, Ill. 
Spadone Machine Co., Inc., S. Nor- 
Conn. 


oe ey Co., Inc., Manlius, 
*Taylor, Stiles & Co., Riegelsville, N. J. 


York 54, N. 
Union Tool Corp., a Warsaw, Ind. 
= Supplies Co., St. Louis 6, 


CUTTERS 
(See also Granulators) 


A. Guillotine 
B. Multi-Layer Film 


Berstorff, Hermann, Maschinenbau 
GmbH, Hannover, West Germany 
— Hydraulic Press Co., beng 
Continental : weed Co., Inc., New 
York 7, N. Y A) 
Custom Machine & Design, Inc., Ak- 
ron 9, Ohio ) 
7 Machine Co., Buffalo, New 
or 
Emery, Vern, Co., Sun Valley, Calif. 
Famco Machine Co., Kenosha, Wis. (A 


G & S Label Corp., New York, New 
York (A) 


*Hobbs Mfg. Co., Worcester 5, Mow. 


*Hochman Plastics Machinery oor 
Newark 2, N. J. 


Holmes, Stanley H., Co., Chicago 31, a 


Industrial Vibrator & Machinery Co., 
San Francisco, Calif. 


aes Steel Works, Ltd., The, Chiyoda- 
Tokyo, Japan (A) 
*Johnson Machinery Co., Elizabeth, Ot F. 
Judean, Oscar I., Inc., Jersey City AS 
farn Machinery Corp., Chicago 11, 


A) 
Lawson Co., The, Div. of Miehle-Goss- 


Dexter, Inc., Chicago 8, Il. (A) 
—— Machine Co., Inc., Paterson B 


Pa! Automatic Polishin cae 
ment Corp., Bronx 70, N N.Y 


Meany, H., Co., Inc., New York 


(B} 


Miller, Franklin P., & Son, East 
Orange 16, N. J. (A) 


*Progressive Machine Co., 
son 4, N. J. 

*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 


(A) 

*Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N. J. (A) 
Singer-Fidelity, Inc., Philadelphia 24, 
Pa. (A) 


Inc., Pater- 
(A) 


Snow Mfg. Co., Div. of Peptinand J 


Snow Co., ,N. J. 
Solem Machine Co., Rockford, ae 


Spadone Machine Co., Inc., S. Norw: 
Conn. 


( 
*Tronomatic <a Mfg. Corp., New 
York 54, N B 
be Shoe Machinery Corp., Boston 


velit & Say Cudahy, wa il 
NC (A) 


CUTTERS FOR FIBROUS GLASS 
a pacnawing Co., New York 17, 
Aopletn Mites Co., Doven Div., 
— Machine Co., Buffalo 3, New 
or 
as pogitenetng Co., Inc., Newark 3, 
*Fing Fram, Inc., Sun Valley, Calif. 
*Foster & Allen, Inc ., Chatham, N. J. 
*Hobbs Mfg. Co., Worcester 5, Massa- 
chusetts 
— H., Co., Inc., New York 18, 
*Ormont Mach. Co., Inc., New York 12, 
*Plastic En ngincering. Chemical Co., 


Fort Lau 
*Pyles —= Inc., Sub. of Kent- 


Moore s Inc., Detroit 41, Mich. 
Rand Development Corp., Cleveland 
10, Ohio 


Sommer & Maca Glass Machinery Co., 
Chicago 50, Ill. 
Spesene Machine Co., Inc., S. Nor- 
walk, Conn. 


Sprout, Waldron & Co., Inc., Muncy, 
ss Machinery Co., Inc., Manlius, 
*Taylor, Stiles & Co., Riegelsville, New 


ersey 


*Tronomatic . Mfg. Corp., New 
York 54 


Turner yy ee Pe Co., Inc., Danbury, 
Conn. 


CUTTERS, SLITTERS, OR SPLITTERS 
FOR FOAMED PLASTICS 


Atlas-Sandt Corp., New York 11, New 
York 


*Campbell-Kent, Cuyahoga Falls, Ohio 
Clark-Aiken Company, , Lee, Mas- 
sachusetts 
* Cumberland agiesening Co., Inc., 
Providence 1, R 
= Machine “. Buffalo 3, New 
or 


*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio 
] Blesnarch & Supply Co., Grand 


Rapids 3, M 
Hands craft Tools, Inc Div. of X-acto, 
Inc., Lon Khind € City 1N.Y 
Johnstone ~» “ie & Machine Co., 
Pa. 


*Judelshon, Oscar L., Inc., Jersey City 6, 
Lever oe Co., Inc., New York 1, 
Maimi, H., Co., Inc., New York 18, 
-"% Franklin P., & Son, East Orange 
Spadone Machine Co., Inc., S. Nor- 
Stone “Machinery Co., Inc., Manlius, 

*Taylor, Stiles & Co., Riegelsville, New 

Jersey 


*Tronomatic hs ed Mfg. Corp., New 
York 54, N. Y. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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CYLINDERS 


A. Degassing, Liquid 

B. Heating (For Injection 
Molding Machines) 

C. Hydraulic 

D. Pneumatic 


*Adco Engineering & Mfg. Co., Inc., Oe 
go 14, 
piven atic Valve, Inc., Cleveland 9, Ohio 


Airoyal Mfg. Co., The, Maplewood, 
(C, D) 


N. J. ’ 
aa atic Process Control, Unies 

N, J. ‘ 
Baldwin-Lima-Hamilton Corp., Indus- 
trial Equipment Div., Philadelphia 

42. Pa. 

Bellows- Valv air, Div. of IBEC, Akron 
), Ohio (C, D) 
Beltran Associates, Inc., Brooklyn iss 
RS Steel Co., Bethlehem, Pa. 
A, B) 
*Clifton Hydraulic Press Co., Clifton, 
N. J (B, C, D) 


*Dake Corp., Grand Haven, Mich. (C) 
*Danly Machine Specialties, Inc., Chi- 
cago 51, Ill. (C) 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada (B 
Denison Engineering Div., American 
Brake Shoe Co., Columbus 16, Ohio 
(C) 
Dunning & Boschert Press Co., Inc., 
The, Syracuse, N. Y. (C 


*Erie Foundry Co., Erie, Pa. (C) 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio C) 


( 
Gerin Mfg. Co., Inc., Newark 7, N. J. 


*Getty Machine & Mold, Inc., Clifton, 
N 


J. (B) 
Hanna Engineering Works, Chicago 22, 
Til. Cc, D 


Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. (C, D) 
*Hochman — Machinery Corp., 
Newark 2, N. J. (B, C, D) 
oe Stanley H., Co., Chicago ic 


incu Press Mfg. Co., The, A Div. 
of Koehring Co., Mount Gilead, Ohio 


Independent Machine Co., The, Cuya- 
hoga Falls, Ohio (C, D) 
*Injection Molders Supply Co., Cleve- 
land 28, Ohio (B) 
Japan Steel Works, Ltd., The, Chiyoda- 
ku, Tokyo, Japan (B) 
Lapeer Mfg. Co., Detroit 2, Mich. (C) 
*Lawton, C, A., Co., The, De Pere, Wis. 
(C, D) 

*Lembo Machine Works, Inc., Paterson 
4,N. J. (C, D) 
Lempco Industrial, Inc., Bedford, One 


Machine Factory & Foundry Ltd., 
Netstal, Netstal, Switzerland (B, C) 
Mastro Plastics Corp., New York 67, 
N. Y. (B) 
Mead Specialties Co., Inc., Chicago 41, 
Il. (D) 


Melt Extractor Mfg. Corp., New York 
67, N. Y. (B) 
*Miller Fluid Power Div., Flick-Reedy 
Corp., Bensenville, Il. (C, D) 
*Mitchell Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. (A) 
Modernair Corp., The, San Leandro, 
Calif, (C, D) 


* Indic ates Advertiser 


Oilgear Co., The, Milwaukee 4, bet 


Peco Machinery Sales (Westminster), 
td., London, $.W.1, England  (B) 
Stele Co., Inc., The, Garden OR 


N. Y. 
Rodgers Hydraulic, Inc., Minneapolis 
26, Minn. (C) 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 


) 
*Tronomatic 1. Mfg. Corp., New 
York 54, N. ic D) 


DEFLASHING MACHINES 


Anson Tools & Gages, Inc., Erie, Pa. 
*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio 
Ferry Machine Co., Kent, Ohio 
Foredom Electric Co., Inc., Bethel, 
Conn, 
Gayees Engineering Co., Chicago 12, 


Ketchpel Engineering Co., W. Engle- 
od, N. 


wo J. 
Kramer, H. W., Co., Inc., Richmond 
Hill 18, N. Y 


Lord Chemical Corp., Sub. of Wheela- 
brator Corp., York, Pa. 
*Lupoline Automatic Polishing Equip- 
ment Corp., Bronx 70, N. Y. 
*Nash, J. M., Co., Inc., Oshkosh, Wis. 
Ransohoff Co., Hamilton, Ohio 
« R. R., Co., The, Rochester, 


*Supersonic Blast, Inc., Div. of Ameri- 
can Technical Machinery Corp., Mt. 
Vernon, N. Y 


Tumb-L-Matic, Inc., Stamford, Conn. 
Wheelabrator Corp., Mishawaka, Ind. 


DEGATING EQUIPMENT 


Anson Tools & Gages, Inc., Erie, Pa. 
B & T Machinery Co., Holland, Mich. 


Barker-Davis Machine Co., Inc., Leom- 
inster, Mass. 


Buss Machine Works, Inc., Holland, 
Mich. 


Buttondex Corp., New York 16, N. Y. 
Florin, Ltd., London N.7, England 
Greenlee Bros. & Co., Rockford, Il. 


Injection ary Supply Co., Cleve- 
land 28, 


*Lawton, C. “e a. The, De Pere, Wis. 


*Plastic Molders Supply Co., Inc., Fan- 
wood, N. J. 


*Standard Tool Co., Leominster, Mass. 


Stricker-Brunhuber Corp., New York 
10, N. Y. 


DEHUMIDIFIERS 
a Associates, Inc., Brooklyn 10, 


Dryomatic Corp., Alexandria, Va. 
CogyeTleniny Co., Inc., Chicago 22, 
Ill, 


—) 


Niagara Blower Co., New’ York 17, 
N, Y. 

Ramco Equipment Corp., Div. of Ran- 
- 4” Mie. Co., Inc., New York 59, 


vial foi »r Tool Co., Aurora, Il. 


* Whitlock Associates, iss 
Mich. 


DENSIFIERS 
*Beardsley & Piper, Chicago 39, IIl. 


, Oak Park 37, 


MACHINERY AND EQUIPMENT 


DICERS, CHOPPERS, AND CUTTERS 
(See Granulators And Other Size 
Reduction Equipment) 


DIES 
(Clicker, Dinker, and Steel Rule) 


A & 5% ~—- Rule Die Corp., New 
Yor 
Able le Steel ‘Kale Die Co., New York 12, 


jaca on Rule Die Mfrs., New 
York 10, N. 
* Akron Ma ad Mold Co., The, Cuya- 
hoga Falls, Ohio 
Atlas-Sandt Corp., New York 11, N. Y. 
— Cutting Die Co., Boston 22, 
Mass. 
Crucible Sot Co. of America, Pitts- 
burgh 30, P. 
*Falls nctsousin ng & Machine Co., The, 
Cuyahoga Falls, Ohio 
] 7 New York 1, N. Y. 
Independent Die & Supply Co., St. 
Louis 4, Mo. 
Lansky 2 Cutting Corp., Brooklyn 


15, N. 
*Ormont Mach. Co., Inc., New York 12, 
y. Y. 


Payne Tool & Engineering Co., The, 
pa. | Ohio 
Richards, $ z , Co., Kalamazoo, Mich. 
Sheridan- Sray,, Inc., Torrance, Calif. 
Todaro, S., Co., Buffalo 1, N. Y. 
*Tronomatic Machine Mfg. Corp., New 
York 54, N. Y. 
United Shoe Machinery Corp., Boston 


7, Mas 
Western "Supelice Co., St. Louis 6, Mo. 


DIES, CUTTING 
A& s <a Rule Die Corp., New York 
2.N 
Able Stecl Rule Die Co., New York 
12, N. Y. 


Accurate Stel Rule Die Mfrs., New 
York 10, N. Y. 
* Acromark Co. The, Elizabeth 4, N. J. 
*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 
Atlantic Mfg. Co., mgm og A 22, Pa. 
Atlas-Sandt Corp., New York 1 
ieee Perkins ‘xports), Ltd., Landon 
W.1, England 
Beel Engineering Co., Newark 2, N. 
— Cutting Die Co., Boston 


ass. 

Buss, Ltd., Basel, Switzerland 

Continental <7 inery Co., Inc., New 
York 7, N 


*Falls Sacsieenin & [ectine Co., The, 
Cuyahoga Falls, Oh 


G & S Label Corp., ad York 1, N. Y. 
*Goulding Mfg. Co., Saginaw, Mich. 


Independent Die & Supply Co., St. 
Louis 4, Mo 


J & B Plastics Co., Inc., Fairfield, Iowa 


Mapre S.A., Diekirch, Grand Duchy of 
Luxembourg 


Payne Tool & Engineering Co., The, 
Springfield, Ohio 


Richards, J. A., Co., Kalamazoo, Mich. 
Sheridan-Gray, Inc., Torrance, Calif. 
Stricker-Brunhuber Corp., New York 


10, N. Y 
Todaro, S., Co., Buffalo 1, N. Y. 
*Tronomatic Machine Mfg. Corp., New 


> 


York 54, N. Y. 
United Shoe Machinery Corp., Boston 
7, Mass. 


Western Supplies Co., St. Louis 6, Mo. 
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MACHINERY AND EQUIPMENT 


DIES, EXTRUSION 
(See Die Makers, Extrusion, p. 1140) 


DRIERS AND PREHEATERS 
(Non-Oven Types; See also Ovens) 


A. Electric, Gas, 
Hot Air, Steam Heat 
B. Infrared 


*Abbé, Paul O., Inc., Little Falls, NA; 

*Ball & Jewell, Inc., Brooklyn 22, a 

Beltran Associates, Inc., Brooklyn 10, 
N. Y. (A 


Blaw-Knox Co., Pittsburgh 22, Pa. 


(A, B) 
*Blue, E. B., Co., S. Norwalk, Conn. 
(A, B) 
Brooklyn Blower & Pipe Corp., Brook- 
lyn, N. Y. A) 
Buss, Ltd., Basel, Switzerland A 
Carpco Mfg., Inc., Jacksonville 6, 
Continental Machinery Co., Inc., New 
York 7, N. Y. (A, B) 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., "Canada (A) 
*Dawson, F. C., Engineering Co., Can- 
ton, Mass. (A) 
*DeVilbiss Co., The, Toledo 1, Ohio (A) 
Devine, J. P., Mfg. Co., Pittsburgh 1, 
Pa, (A) 
Doyle, J. E., Co., Cleveland 13, Ohio 
(A, B) 
Dryomatic Corp., Alexandria, Va. (A) 
Electric Hotpack Co., Inc., The, Phila- 
delphia 35, Pa. (A, B) 
Falcon Equipment Co., New Brighton, 
Pa. (A) 
Faratron, Los Angeles 23, Calif. (A) 


Fostoria Corp., Fostoria, Ohio (A) 

General. Machine Co. of New Jersey, 
Newark 12, N. J. 

General Research & Supply Co., 
Rapids 3, Mich. 

Girdler Process 
Chemetron Corp., 


Grand 
(A) 


Equipment Div., 
Louisville 1, Ky. 
(A) 


*Glenn Electric Heater Corp., Newark 
8, N. J. (A, B) 
*Goulding Mfg. Co., Saginaw, Mich. (A) 
*Guild Electronics, Inc., Dynatherm 
Div., New York 13, N. Y. (A) 
Hale & Kullgren, Inc., Akron, Ohio (B) 
Herbert Products, Inc., W rages 4 x 


N. Y 
Cor 


fHlochmen Plastics Machinery 
Newark 2, N. J. 
Riverdale, N. B} 


Infra-Red Systems, Inc., 


Japan Steel Works, Ltd., The, Chiyede. 
ku, Tokyo, Japan (A) 


* Johnson Mfg. Co., Inc., Chippewa 
Falls, Wis. (A) 
pe. sinewefers, Joh., Séhne, Krefeld, 
West Germany (A, B) 
Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio (A, B) 


*Lydon Bros., Inc., Hackensack, N. J. 


Racine, Wis. 
(A) 
Miskella Infra-Red Co., Inc., The, 
(A, B 


Master Appliance Corp., 


Cleveland 4, Ohio 


*Mitchell. Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. (A) 


* Indicates Advertiser 
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mee Machinery Co., Cleveland ts 
Patterson Foundry and Machine Co., 
The, E. Liverpest, Ohio (A) 
Patterson-Kelley Co., Inc., The, E. 
Stroudsburg, Pa. (A) 
ey & Siwute, Inc., —_— 
Stine Co., Inc., The, Garden OR; 
Remco | Equipment Corp., Div. of Ran- 
- Mfg. Co., Inc., New Yor BS 


stakes, F. J., Corp., Philadelphia a 


Suffolk Associates, Inc., New York is 
N. Y. 
T&M Textile Mfg. Sales Corp., Brook- 


lyn 22, N. Y. (A, B) 
Thermomat Co., Inc., Trenton 8, att 
*Thoreson-McCosh, Inc., Detroit iN 

ich. 
Toko Machine Industry Co., Ltd., 
Tokyo, Japan (A, B) 
Tower Iron Works, Inc., Seekonk, Mass. 
A 


) 
Whitaker, Douglas C., Co., Glenside, 
Pa. (A) 


* Whitlock Associates, Inc., Oak Park 37, 

Mich. A 

Wiegand, Edwin L., Co., Pittsburgh 8, 
P. 


a. (A 
Ven Co., Inc., Long Island wr 


N. 
Zack Fediant Heat Co., Passaic, Nk 
A 


DRIVES, VARIABLE SPEED 


Allis, Louis, Co., The, Milwaukee 1, 
Wis. 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. 
wSaer. C. J., Co., Inc., Chicago 46, 
Ill. 
Carpco Mfg. Inc., Jacksonville 6, Fla. 
Denison Engineering Div., American 
Brake Shoe Co., Columbus 16, Ohio 
Eaton Mfg. Co., Dynamatic Div., Ke- 
nosha, Wis. 
Ferry Machine Co., Kent, Ohio 
General Electric Co., Direct Current, 
Motor & Generator Dept., Erie, 
Pennsylvania 
General Electric Co., Industrial Sales 
Offices, Schenectady 5, N. Y. 
*Hochman Plastics Machinery Corp., 
Newar : oe 
#Kleinewefers, Joh., 
West Germany 
*Lupoline Automatic Polishing Equip- 
ment Corp., Bronx 70, N. Y. 
Hillsdale, 


Séhne, Krefeld, 


». 
Mercury Industries, Inc., 


N. f: 
Monkley 
Mass. 
Mount Hope Machinery Co., 
Mass. 
Oilgear Co., The, Milwaukee 4, Wis. 
Reliance Electric & E ngineering Co., 
Cleveland 17, Ohio 
*Servospeed Div., Electro-Devices, Inc., 
Paterson, 


*Shaw, Pope & Co., Ltd., Manchester 
England 
Stanford Engineering Co., Salem, IIl. 
Sterling Electric Motors, Inc., Los 
Angeles 22, Calif. 
Wallace, L. R., Co., Pasadena 1, Cali- 
fornia 


Web Controls Corp., W. Englewood, 
N. J 


Corporation, Worcester 8, 


Taunton, 


Wiliams, Gabriel, Co., Inc., Freeport, 


Worthington Corp., Harrison, N. J. 


DUST COLLECTING EQUIPMENT 


Brooklyn Blower & Pipe Corp., Brook- 
lyn, N. Y. 
*DeVilbiss Co., The, Toledo 1, Ohio 
Dracco Div. of Fuller Co., Cleveland 


5, Ohio 
Electr Trading Co., New York 13, 


Fisher Scientific Co., Pittsburgh 19, Pa, 
Flexaust Co., The, New York 17, N. Y. 


a Mach. Co., Inc., New York 12, 


Pangborn Corp., Hagerstown, Md. 
Pulverizing Machinery Div., Metals 
Disintegrating Co., Inc., Summit, 


N. J. 
Stromes Oven Systems Div., Peter W. 
Stromes Corp., New York 13, N. Y, 
— Associates, Inc., New York 16, 


Wallace & Tiernan, Inc., Belleville 9, 


Wheelsbrator Corp., Mishawaka, Ind. 
Young Machinery Co., Inc., 
Muncy, Pa. 


EMBOSSING PRESSES 


es Ime Gould Co., Inc., Oceanside, 
*Acromark Co., The, Elizabeth 4, N. J. 
oe Machine Co., College Point 56, 


*Atlas Hydraulics Div., Delaware Val- 
oy Mfg. Co., Inc., Philadelphia 34, 


Atls-Sande Corp., New York 11, N. Y. 

*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 

Bliss, E. Ww. Co., Canton 10, Ohio 

sa Hydraulic Press Co., Clifton, 


*Dake Corp., Grand Haven, Mich. 


*Danly Machine Specialties, Inc., Chi- 
cago 51, Il. 
ag Machine & Tool Co., St. Louis 
, Mo. 
Denison Engineering Div., American 
Brake Shoe Co., Columbus 16, Ohio 
Elmes/King Div., American Steel 
Foundries, Cincinnati 29, Ohio 
*Erie Foundry Co., Erie, Pa. 
Essex Plastic Machinery Co., 
erly, Mass. 
*Faeco Machine Co., Inc., Paterson, N. J 
F = Engineering Corp., Bethesda + 


Inc., Bev- 


Famco Machine Co., Kenosha, Wis. 
Ferracute Machine Co., Bridgeton, 


*French Oil a Machinery Co., The, 
iqua, 
G&s Label Corp., New York 1, N. Y. 
Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. 
*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 
_ Roto Machine Co., Richmond 3, 


cemidtenel Engraving Corp., Cedar 
Grove, N. J. 


*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany 
Lavorazione Materie Plastiche, S.A.S., 
Torino, Italy 
*Lawton, C. A., Co., The, DePere, Wis. 
wae Machine Co., Inc., Paterson 4, 


*M & N Modern p iydenalio Press Co., 
Inc., Clifton, N. J. 
*Mitsui & Co., Ltd., ee Ja 
Modern Eng aving Machine Co., 
Hillside, N. J. 


(For complete addresses, see Alphabetical Index, p. 1179) 














Monkley Corp., Worcester 8, Mass. 
Paper Converting Machine Co., Green 
Bay, Wis. 
Rodgers Hydraulic, 
26, Minn. 
Shannon, Alexander J., Co., The, 
Fonda, N. Y. 
Sherman Rubber Co., Div. of Botwinik 
Bros. of Mass., Inc., Worcester, Mass. 
Swan Machine Co., New York 1, N. Y. 
Thomson-National Press Co., Franklin, 
Mass. 
Toko Machine 
Tokyo, Japan 
*Tronomatic Machine Mfg. Corp., New 
York 54, N. Y. 
Union Tool Corp., The, Warsaw, Ind. 
Van Vlaanderen Machine Co., Pater- 
son, N. J. 
Verduin, John, Machine Corp., 
son 4, N. J. 
*Verson Allsteel Press Co., Chicago, Ill. 
*xWood, R. D., Co., Philadelphia 5, Pa. 


Inc., Minneapolis 


Industry Co., Ltd., 


Pater- 


EXTRUDERS 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 


*Akron Extruders, Akron 14, Ohio 


*Baker Perkins (Exports), Ltd., London 
W.1, England 
Baker Perkins Granbull, Ltd., King- 
ston-on-Thames, Surrey, England 


Baker Perkins, Inc., 

*Battenfeld Corp. 
13, Il 

*Battenfeld Maschinenfabriken GmbH, 


Saginaw, Mich. 
of America, Chicago 


Meinerzhagen/Westf., West Ger- 
many 

Bekum, Berliner Kunststoff-Verarbei- 
tung GmbH, Berlin-Mariendorf, 


West Berlin, Germany 
a iat C, J., Co., Inc., Chicago 46, 
Ill. 

Berstorff, Hermann, Maschinenbau 
GmbH, Hannover, West Germany 
Black-Clawson Co., The, Hale & Kull- 
gren Plastics Dept., Akron 10, Ohio 


*Bolling, Stewart, & Co., Inc., Cleveland 


27, Ohio 


*Bonnot Co., The, Canton 2, Ohio 

Buss, Ltd., Basel, Switzerland 
*Covema s.rl., Milan, Italy 

Danish Plastics, Copenhagen, Denmark 


*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 


*Davis-Standard Div., Franklin Research 
& Development Corp., Mystic, Conn. 


*Egan, Frank W., & Co., Somerville, 
N. J. 


Essex Plastic Machinery Co., Inc., 
Beverly, Mass. 
*Farrel-Birmingham Co., In 
Conn, 
Ferracute Machine Co., Bridgeton, N. J. 
Hartig Extruders, Waldron-Hartig Div., 
Midland-Ross Corp., Westfield, New 


c., Ansonia, 


Jersey 

Henschel-Werke Gmbh, Kassel, West 
Germany 

*Hochman Plastics Machinery Corp., 
Newark 2, ‘ 

J M C Co., Newark 5, N. J. 


Ja = Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 


* Indicates Advertiser 


*Johnson Machinery Co., Elizabeth, N. J. 
Kato Seishakusho Co., Ltd., Tokyo, 


eKilioe” Tool & Mfg. Co., Verona, N. J. 
*Kleinewefers, Joh., Sdéhne, Krefeld, 
West Germany 
Lavorazione Materie Plastiche, S. A. S., 
Torino, Italy 
Mapre S.A., Diekirch, Grand Duchy of 
Luxembourg 
*Mitsui & Co., ‘Ltd, Tokyo, Japan 
*Modern Pstic Machinery Corp., Clif- 
to J 
MOI Giuseppe, Milan, Italy 
* National Rubber Machinery Co., Akron 
, Ohio 
*Negri Bossi & C., Milan, Italy 
Oerlikon Plastics, Ltd., Stans/N.W., 


Switzerland 

*Olympia Tool & Machine Co., Newark 
5, N. 

Pasquetti, " Carlo, & C.S.A., Fabbrica 


Prodotti Termoplastici, Varese-Ma- 
snago, Italy 
Peco Machinery Sales (Westminster), 
Ltd., London S.W. 1, England 
*Prodex Corp., Fords, N. J. 
*Rainville Co., Inc., The, Garden City, 


*Reed-Prentice Div., Package Machinery 
‘o., E. Longmeadow, Mass. 
*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 
*Royle, John, & Sons, Paterson 3, N. J. 
Samafor, La Courneuve, Seine, France 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 


*Shaw, Francis, & Co., Ltd., Manchester 
ll, Engla land 
*Sterling Extruder Corp., 
*Stokes, F. J., 
Pa. 
*Thermoplastic Equipment Corp., Div. 
of Thermoplastic Processes, Inc., 
Stirling, N. J. 
*Triulzi, A. Off., s.a.s., Milan, Italy 
Troester, Paul, Maschinenfabrik, Hann- 
over-Wulfel, West Germany 
*kWayne Machine & Die Co., 


Linden, N. J. 


Corp., Philadelphia 20, 


Passaic, 


*Welding Engineers, Inc., Norristown, 
Pa. 

*Werner & Pfleiderer, Stuttgart, 
Germany 

*Windsor, R. H., 
England 


West 


Ltd., Chessington, 


FEEDERS 


A. Belt 

B. Rotary Vane 
C. Screw 

D. Vibratory 
E.” Weigh 

F. Miscellaneous 


*Acme Machinery & Mfg. Co., Inc., 
¥. (D) 


Yonkers, 

*Baker Perkins (Exports), Ltd., London 
W.1, England (E) 
*Battenfeld Corp. of America, Chicago 
13, Il. (E) 
Bemis Bro, Bag Co., St. Louis 2, ME} 

Chain Belt Co., Milwaukee 1, Wis. 
(A, B, D) 
Cleveland Vibrator Co., The, Cleve- 
land 13, Ohio (D, F) 


Curlator Corp., East Rochester, N. PS 


MACHINERY AND EQUIPMENT 


*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada (E ) 
Essex Plastic Machinery Co., Inc., 
Beverly, Mass. C) 
Cee Weight Scale Co., Columbus ie 
*Falls Engineerin ne & Machine Co., The, 
Cuyahoga Falls, Ohio (A, F 
General Research & Supply Co., Gran 
Rapids 3, Mich. (A) 
*Getty Machine & Mold, Inc., Clifton, 
N. 


( 
Glengarry Processes, Inc., Bay Shore, 


Gump, B. F., Co., Chicago 50, I. ( 
*Hochman Plastics Ma 

Newark 2, N. J. E, F) 
Industrial Vibrator & Meche got 
San Francisco, Calif. D) 
Japan Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan F 
Ketchpel Engineering Co., West Engle. 
F 


wood, N. J. 
*M-H Standard Corp., Jersey City 4, 
N. J. (A, C) 
Mapre S.A., Diekirch, Grand Duchy of 
Luxembourg (C) 
Mateer, G. Diehl, Co., Wayne, Pa. (C) 
Mercury Heat Sez aling Equipment Co., 
Philadelphia 33, (E) 
Miller, Franklin P., “5 Sen, East Orange 
16, N. J. (B) 
New England Engineering & Mfg. Co., 
Worcester, Mass. (E) 
nee Mach. Co., Inc., New York 12, 
3. (C) 
mais Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. (A, D, E) 
Proctor & Schwartz, Inc., Philadelphia 
20, Pa. a 
*Rainville Co., Inc., The, Garden City 
N. Y. (E) 
Richardson Scale Co., Clifton, N. J. (E) 
Springfield Cast Products, Inc., Spring- 
field 9, Mass. (F) 
Sprout, Waldron & Co., Inc., Muncy, 
Pa, (A, B, C) 
Syntron Co., Homer City, Pa. (D, E) 
Toledo Scale, Div. of Toledo Scale 
Corp., Toledo 12, Ohio (E) 
Tower Iron Works, Inc., Seekonk, Mass. 


Wallace & Tiernan, Inc., Belleville 9, 


aN. 


Weighing & Control Components, Inc., 
Hatboro, Pa. (E 


*Werner & Pfleiderer, 
Germany 

Young Machinery Co., Inc., The, 

Muncy, Pa. (B, C) 


Stuttgart, West 
(C) 


FILM CASTING MACHINES 


American Products Mfg. Co., New Or- 
leans 18, La 
*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 
Black-Clawson Co., The, Hale & Kull- 
gren Plastics Dept., Akron 10, Ohio 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
*Davis-Standard Div., Franklin Research 
& Development Corp., Mystic, Conn. 
ee, Frank W., & Co., Somerville, 


Essex Plastic 
Beverly, Mass. 


—— Machine Co., Inc., Paterson, 
J. 


Machinery Co., Inc., 
aes ess & Mold, Inc., Clifton, 


1107 








MACHINERY AND EQUIPMENT 


*H & R Plastics Industries, Inc., Naza- 
reth, Pa. 
Hartig Extruders, Waldron-Hartig Div., 
Midland-Ross Corp., Westfield, N. J 
Japan Steel Works, I td., The, Chiyoda- 
»~ Tokyo, Japan 
* Johnson Mfg. Co., Inc., Chippewa Falls, 


Liberty Machine Co., Inc., Paterson 4, 
N, J. 


*L yack Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart, Ind. 

*Modern Plastic Machinery Corp., Clif- 
ton, N. J. 

*National Rubber Machinery Co., Akron 
8, Ohio 

*Prodex Corp., Fords, N. J. 

*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 

Samafor, La Courneuve, Seine, France 

*Waldron-Hartig Div., Midland-Ross 

Corp., New Brunswick, N. J 


FILM CUTTERS 


Eastman Machine Co., Buffalo 3, New 
York 
Essex Plastic Machinery Co., Inc., 
Beverly, Mass. 
*Foremost Machine Builders, Inc., Liv- 
ingston, N. J. 
*Hobbs Mfg. Co., Worcester 5, Mass. 
Japan Steel Works, Ltd., The, Chiyoda- 
= Tokyo, Japan 
* Suck iden. Oscar L., Inc., Jersey City 6, 
N. J 


Lever Mfg. Co., Inc., New York 1, 
N. Y. 


*Lynch Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart, Ind. 

Maimin, H., Co., Inc., New York 18, 
N. Y. 


Ruf Machine Co., Inc., New York 28, 
N. Y. 


*Tronomatic pindhine Mfg. Corp., New 
York 54, N. Y. 

* Waldron- ~ Aa Div., Midland-Ross 
Corp., New Brunswick, N. J 


FILM LAMINATING SYSTEMS 


*Dusenbery, John, Co., Inc., Clifton, 

N. J. 

*Egan, Frank W., & Co., Somerville, 

. J. 

Japan Steel Works, Ltd., The, Chiyoda- 
cu Tokyo, Japan 

*Lembo Machine Works, Inc., Paterson 

Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 

Oerlikon Plastics, Ltd., 
Switzerland 


T&M Te yt Mfg. Sales Corp., Brook- 
lyn 22, N. 


*Waldron-H: bu Div., Midland-Ross 
Corp., New Brunswick, N. 


Stans/N.W., 


FILTERS AND OIL PURIFIERS 
Dagiet Tool Works, Inc., Chicago 23, 


Frantz, S. G., Co., Inc., Trenton 6, N. J. 
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Indiana Commercial Filter Corp., Leba- 
non, In 


*Marvel Engineering Co., Chicago 45, 


Pall Corp., Glen Cove, N. Y. 
Perforated Products, Inc., Brookline 46, 


Mass. 
, The, Garden City, 


——— Co., 
Read Standard, Div. of Capitol Prod- 
ucts Corp., York, Pa. 


Sherwatt Equipment & Mfg Co., Inc., 
New York 7, N. Y. 


Shriver, T., 4... Inc., Harrison, New 
Jersey 


FOAMING AND FOAM MOLDING 
MACHINES 


A.P.M., Inc., Morton Grove, III. 
*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 
Artisan Metal Products, Inc., Waltham 


54, Mass. 
* Automatic Process Control, Union, New 
Jersey 
B. B. Chemical Co., Cambridge 39, 
Mass. 


Champlain-Zapata Plastics Machinery, 
Inc., Roseland, N. J. 
Dayco vs The, Dayton, Ohio 
Decker Industries, Div. of Stuart Ma- 
rine, Stuart, Fla. 
Dura-Tech Corp., Boca Raton, Fla. 
*Expandex Corporation, Wauregan, Con- 
necticut 
*Farbenfabriken-Bayer, A.G., 
kusen, West Germany 
*Flexible Products Co., Marietta, Ga. 
Girdler Process Equipment Div., 
Chemetron Corp., Louisville 1, Ken- 
tucky 
*Goulding Mfg. Co., Saginaw, Mich. 
Gray Co., Inc., Minneapolis 13, Minn. 
*Guild Electronics, Inc., Dynatherm 
Div., New York 13, N. Y. 
*Hull Corp., Hatboro, Pa. 
lonqyqnate Products, Inc., New Castle, 


Lever- 


Jennings Engineering Co., Philadelphia 
, Pa. 


Jersey City Foam Products Co., Jersey 
City 4, N. J 


- ss Van Winkle Co., Paterson 2, 


*Mitchell Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. 


*Plastic Engineering & Chemical Co., 
Fort Lauderdale, Fla. 


Polystructures, Inc., Stoneham, Mass. 
*Prodex Corp., Fords, N. J. 
*Pyles Industries, Inc., Sub. of Kent- 
Moore Org., Inc., Detroit 41, Mich. 
Rainco Mfg., Inc., Franklin, Pa. 
Rogers Associates, Inc., West Caldwell, 


Springfield Cast Products, Inc., Spring- 
field 9, Mass. 
*Sweets, Martin, Co., Inc., The, Louis- 
ville 12, Ky. 
*Thermatron Co., The, Div. of Willcox 
& Gibbs My .wing Machine Co., New 
York 18, N. Y. 


*Tronomatic ‘Machine Mfg. Corp., New 
York 54, 
—_— Gabrial, Co., Inc., Freeport, 


GAGES 
(See Instruments) 


GENERATORS, STEAM 
(See Boilers) 


GRANULATORS AND OTHER SIZE 
REDUCTION EQUIPMENT 


ase prnanocsing Co., New York 17, 


FOR ody Machinery & Mfg. Co., Inc., 
Yonkers, N. 


* Alsteele 5 Works, Inc., 
Framingham, Mass. 


*American Pulverizer Co., St. Louis 10, 


Mo. 
Atlas-Sandt Corp., New York 11, N. Y, 
a ' ge (Exports), Ltd., London 


Baker Parkin Granbull, Ltd., Kings- 
ton-on-Thames, Surrey, England 
Baker Perkins, Inc., Saginaw, Mich. 

*Ball & Jewell, Inc., Brooklyn 22, N. Y. 
aa a Corp. of America, Chicago 


*Brosites Machine Co., Inc., New York 
ee a 
Buss, Ltd., Basel, Switzerland 
Carbert Mfg. Co., Inc., Cambridge 39, 
Mass. 
Colton, Arthur, Co., Div. of Snyder 
Corp., Detroit 7, Mich. 


Continental Machinery Co., Inc., New 
York 7, N. Y. 


*Covema s.r.l., Milan, Italy 

*Cumberland Engineering Co., Inc., 
Providence 1, R. I. 

Custom Machine & Design, Inc., Akron 

9, Ohio 

*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 

— Machine & Tool Co., Clifton, 


Eastern Machine Builders Corp., 
Queens Village 29, N. Y. 
*European Plastic Machinery AB, Mal- 
moe, Sweden 
Ferry Machine Co., Kent, Ohio 
ts piedineny Corp., Brooklyn 15, 


*Foremost Machine Builders, Inc., Liv- 
ingston, N. J. 
*Foster & Allen, Inc., Chatham, N. J. 
General ew Co. of New Jersey, 
Newark 12, N. J. 


*Getty Machine & Mold, Inc., Clifton, 
N. J 


Hale & Kullgren, Inc., Akron, Ohio 
Handicraft Tools, Inc., Div. a | os 
Inc,, Long Island City 1, 
*Hobbs Mfg. Co., Worcester . ta 
* Hochman Plastics Machinery Corp., 
Newark 2, N. J. 
Industrial Shredder & Cutter Co., Sa- 
lem, Ohio 
Industrial Vibrator & Machinery Co., 
San Francisco, Calif. 
J MC Co., Newark 5, N. J. 
os Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 
*Johnson Machinery Co., Elizabeth, N. J. 
Kato Seishakusho Co., Ltd., Tokyo, 
Japan 
Lavorazione Materie Plastiche, S.A.S., 
Torino, Italy 
Mapre S.A. Diekirch, Grand Duchy 
of Luxembourg 
Miller, Franklin P., & Son, East Orange 
16, N. J. 


Mitts & Merrill, Saginaw, Mich. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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& Merryweather Machinery Co., 

Motch “GJeveland 17, Ohio 

sOmeagy Mach. Co., Inc., New York 12, 
= 

pau Pulverizers Co., Inc., Ho- 
boken, N. 

Pasqquetti, Carlo, & C.S.A., Fabbrica 
Prodotti ronan Varese-Mas- 
nago, Italy 

>ulva Corp., Perth Amboy, N. J. 

#R wll Co., Inc., ™ Garden City, 
N. 


moll Machine Co., 
walk, Conn 


Sprout, Waldron & Co., Inc., Muncy, 
Pa. 


Inc., S. Nor- 


*Stokes, F. J., Corp., Philadelphia 20, 
Pa. 
xTaylor, Stiles & Co., Riegelsville, N. J. 


*Thoreson-McCosh, Inc., Detroit 19, 
Mich. 

*Wemer & Pfleiderer, Stuttgart, West 
Germany 

*Windsor, R. H., Ltd., Chessington, 
England 


HANDLING DEVICES FOR 
EXTRUDED PRODUCTS 
(Expanders, Guiders, Shape-handling 
Equipment, Sheeters, Stackers, etc.) 


*Akron Extruders, Akron 14, Ohio 

Al-Be Industries, South Gate, Calif. 

*Baker Perkins \ arn Ltd., London 
W.1, Englan 

Boltseg Associates, Inc., Brooklyn 10, 

/. 

tern, C. J., Co., ., Chicago 46, 
I 

Clark-Aiken Co., The, Lee, Mass. 

Danish Plastics, Copenhagen, Denmark 

*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 

*Egan, Frank W., & Co., Somerville, 
N. 


Essex "Plastic Machinery Co., Inc., 
Beverly, Mass. 
*Farris Universal Machine Corp., Pali- 
sades Park, N. J. 
Ferry Machine Co., Kent, Ohio 
Fife Mfg. Co., Oklahoma City 18, Okla. 
*Getty Machine & Mold, Inc., Clifton, 
N. 


*G oulding Mfg. Co., Saginaw, Mich. 

Hartig Extruders, Waldron- Hartig Div., 
“Midland- Ross Corp., Westfield, N. J. 

Heppenstall Co., Pittsburgh 1, Pa. 

*Hobbs Mfg. Co., Worcester 5, Mass. 

J MC Co., Newark 5, N. J. 

= = Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 

*Johnson Mfg. Co., Inc., Chippewa 
‘alls, Wis. 

*Kay Machine Co., Inc., E. Rutherford, 
N. J. 

Lewis-Shepard Products, Inc., 
town 72, Mass. 

* Lynch Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart khart, Ind. 

*Modern Plastic Machinery Corp., Clif- 
ton, N. J. 

Mount Hope Machinery Co., Taunton, 
Mass. 

*N ry. Rubber Machinery Co., Akron 

io 

*Prodex Corp., Fords, N. J. 

* Indicates Advertiser 


Water- 


*Progressive Machine Co., Inc., 
son 4, ; 


*Rainville Co, Inc., The, Garden City, 


Pb ok Bae Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 
Samafor, La Courneuve, Seine, France 
*Sterling Extruder Corp., Linden, N. J. 
*Tronomatic seunine Mfg. Corp., New 
York 54, N. Y. 
be Vlaanderen Machine Co., Paterson, 


N. J. 
*Windsor, R. H., Ltd., Chessington, 
England 
*Zimmer Plastic. GmbH, Offenbach/ 
Main, West Germany 


Pater- 


HEATING EQUIPMENT 
(For Molds and Molding Machines) 


*Adco Engineuting & Mfg. Co., Inc., 
Chicago 14, Ill. 
American Hydrotherm Corp., Long Is- 
land City 1, N. Y. 
*B. I. P. Engineering, Ltd., Sutton Cold- 
field, Warwickshire, England 
Beltran Associates, Inc., Brooklyn 10, 


*Blue, E. B., Co., S. Norwalk, Conn. 
Blue M Electric Co., Blue Island, Ill. 
ene Blower & Pipe Corp., Brook- 

yn, 
Bros., Inc., Minneapolis 14, Minn. 
Buss, Ltd., Basel, Switzerland 


a Hydraulic Press Co., Clifton, 


*Conapac Corp., New York 3, N. Y. 
Cooper, D. C., Co., Chicago 5, Ill. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Cana 
Caldwell, 


rs : Engineering, Inc., 

— Trading Co., New York 13, 
ay pend, ao Noe York 12, 
Falcon Equipment Co., New Brighton, 


Pa. 
General Electric Co., Industrial Sales 
Offices, Schenectady 5, N. Y. 


Gerin Mfg. Co., Inc., Newark 7, N. J. 
*Glenn Electric Heater Corp., Newark 


Grieve-Hendry Co., Inc., Chicago 22, 
*Guild Electronics, ine. Dynatherm 
Div., New York 13, N. Y. 


*Hochman Plastics Oe ll Corp., 
Newark 2, N. J. 


Hotwatt, Inc., Danvers, Mass. 
a Heater Co., Inc., New York, 


a aa Mfg. Corp., Indianapolis 4, 


Injection Control Corp., Birmingham, 
Mich. 


* Injection Molders Supply Co., Cleve- 
land 28, Ohio 

Lepel High Avy og | Jabecstentes, 
Inc., Woodside 77, 


*Lynch Corp., Plastic Deane Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart, In 


Mercury Ae Machinery, Inc., 
Yonkers, N 


*Mokon Div., ; aS Closures Co., 
Inc., Buffalo 23, N. Y. 


*Pantex Mfg. Corp., Pawtucket, R. I. 
Powers Regulator Co., The, Skokie 
34, Il. 


MACHINERY AND EQUIPMENT 


*Rainville Co., The, Inc, Garden City, 


Ramco Yo Corp., Div. of Ran- 
o-. Inc., New York 59, 


Reosarch - 4 Rae ay oo 24, Minn. 
Rockwe Co. Fairfield, Sara. 
*Sterling, br Milwe , 


— ‘Associates, Inc,, New York 16, 


#Thormcl, Inc., Franklin Park, Ill. 
alee oy re Machine Mf g. Corp., New 
0 


Verduin, ay Machine Corp., Pater- 
son 4, N 


Vulcan eeedic Co., Danvers 32, Mass. 
wwe Mee Electric Mfg. Co., St. Louis, 


Waynco Inc., Winona, Minn. 
WwW iegand, Edwin L., Co., Pittsburgh 8, 


HEATING TANKS AND EQUIPMENT 
(For Melting, Maintaining, and 
Dispensing Plastics Materials) 


Bethlehem Steel Co., Bethlehem, Pa. 
Electric Hotpack Co., Inc., The, Phila- 
delphia 35, Pa. 
*Hull Co Hatboro, Pa. 
Infra-R Systems, Inc., Riverdale, N. J. 
*Lynch Corp., Plastic "Machine sry Div. 
Gromer hoe Robbins, Plastic Machinery 


Matecr, G. Dichl q~6 Wa 
Ramco Equipment Corp., Di of of Ran- 
~~ Mig. Co., Inc., New York 59, 


N 
*Sez “— * Electronics Corp., New York 


Seal- Peel, Inc., Royal Oak 3, Mich. 
*Sta-Warm Ele ctric Co., Ravenna, Ohio 
Tower Iron Works, Inc., Seekonk, Mass. 
Western Coating Co., Royal Oak, Mich, 
—— Edwin L., Co., Pittsburgh 8, 


HEAT-SEALING EQUIPMENT 
(Equipment for Heat Sealing; e.g. Dies, 
Electron Tubes, etc.) 


A S . Suet Rule Die Corp., New York 
Able Steel Rule Die Co., New York 12, 


*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 
ine Electronic Corp., Hicksville, 


a ver atachine Corp., Rochester 17, 


2 W. M., Associates, Clear 
Lake, lowa 

Barr Corp., The, Richmond Hill, N. Y. 

Bemis Bro. ws Co., St. Louis 2, Mo. 

Callanan, J. A., Co., Chicago 6, tl. 

Capen Mfg. Co., Inc., Cambridge 39, 


Chaffee, Ralph, & Co., San Francisco 
14, Calif. 


ot. Electronic Machine Corp., 
= 4 


New York 12, N 
*Cosom Corp., Minne sapolis 16, Minn. 
*D & a Plastic Welders, Inc., Hazard- 


Erdco Engineering Corp., Addison, Il. 
Faratron s Angeles 23, Calif. 
Flodins industri A.B., Sa = Sweden 


France Papeete Gs , The, Cleve- 
land 7 


—— Hectic Heater Corp., Newark 
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MACHINERY AND EQUIPMENT 


*Guild Electronics, Inc., Dynatherm 
Div., New York 13, N. Y. 
Hotwatt, Inc., Danvers, Mass. 
indepeneset Die & Supply Co., St. 
Louis 4, Mo. 
*Johnson Machinery Co., Elizabeth, 
N 


#Kabar Mfg. Corp., Roosevelt, N. Y. 
Kel-Min Co., Middlefield, Ohio 
*Liberty Machine Co., Inc., Paterson 4, 


N, J. 
aMeySower Electronic Devices, Inc., 
Little Ferry, N. J. } 
Mehl Mfg. Co., Cincinnati 2, Ohio 
Mercury Heat Sealing Equipment Co., 
Philadelphia 33, Pa. 
Packaging Industries Ltd., Inc., Mont- 
clair, NJ. . 
*Peterson Electronic Die Co., Inc., 
Mineola, N. Y. 
Plastic Welding Corp., Newark, N. J. 
Possis Machine Corp., Minneapolis 3, 
Minn. 
Product Packaging Engineering, Culver 
City, Calif. : 
Raybond Electronics, Inc., Newton 61, 
Mass. 
*Reeve Electronics, Inc., Chicago 6, Ill. 
*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 
Rotobond, Inc., Bound Brook, N. J. 
*Sealomatic Electronics Corp., New York 
1, N. Y. 

T & M Textile Mfg. Sales Corp., Brook- 
lyn 22, N. Y. ; 
*Thermatron Co., The, Div. of Willcox 

& Gibbs Sewing Machine Co., New 
York 18, N. Y. ’ 
*Tronomatic Machine Mfg. Corp., New 

York 54, N. Y. 
*Vertrod Corp., Brooklyn 34, N. Y. 
*Weldotron Corp., Newark 12, N. J. 
Wiegand, Edwin L., Co., Pittsburgh 8, 
Pa. 


HEAT-SEALING MACHINES 


A. High Frequency 
B. Thermal, Non-Portable 
C. Thermal, Portable 


Able Steel Rule Die Co., New York 12, 
N, Y. (A) 


*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio (C) 
Amsco Packaging Machinery, Inc., 
Long Island City 1, N. Y. (B, C) 
Bachmann, W. M., Associates, Clear 
Lakes, lowa (A, B, C) 
Barr Corp., The, Richmond Hill, NA 


Callanan, J. A., Co., Chicago 6, Ill. 
(A, B) 
Carbert Mfg. Co., Inc., Cambridge 39, 
Mass. (B, C) 
*Cosmos Electronic Machine Corp., New 
York 12, N. Y. (A) 
*Cosom Corp., Minneapolis 16, Mine. 


*D & R Plastic Welders, Inc., Hazard- 
ville, Conn. ( 


Emhart Mfg. Co., Portland Div., Port- 
land, Conn. (B) 


Erdco Engineering Corp., Addison, mn 


Faratron, Los Angeles 23, Calif. (A) 
Flodins Industri A.B., Lyeskil, Swot 


France Engineering Co., The, Cleve- 
land 7, Ohio C) 


Fuji Electronic Industrial Co., Inc., 
Tokyo, Japan ( 
a Indicates Advertiser 
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Girdler Process Equipment Div., 
Chemetron Corp., Louisville 1, ay 


*Glenn Electric Heater Corp., Newark 


8, N. i » C) 
*Guild ectronics, Inc., Dynatherm 
Div., New York 13, N. Y. (A) 
*Hamac Hansella Maschinen GmbH, 
Diisseldorf, W. 
* Hochman chin Corp. 
Newark 2, N. J. (A, B, C 


*Kabar Mfg. Corp., Roosevelt, N. ye c) 
Kamlar Products Co., Norwood, Mass, 


) 
Laramy Products Co., Cohasset, ar 


*Mayflower Electronic Devices, Inc., 
Little Ferry, N. J. (A, B, C) 
Mehl Mfg. Co., Cincinnati 2, Ohio 
(B, C) 
Mercury Heat Sealing Equipment Co., 
Philadelphia 33, Pa. (B, C) 
Packaging Industries Ltd., Inc., Mont- 
clair, N. J. (B) 
Plastic Welding Corp., Newark, N. Jay 
Product Packaging Engineering, Culver 
City, Calif. (B, C) 
Radio Frequency Co., Inc., Medfield, 
Mass. A 
Raven Industries, Inc., Sioux Falls, 
S. D. (C) 
Raybond Electronics, Inc., Newton 61, 
Mass. A) 
*Reeve Electronics, Inc., Chicago 6, Ill. 


(A) 
Scientific Electric, Inc., Garfield, > Fs 


*Sealomatic Electronics Corp., New 
York 1, N. Y. A, B) 
Seidensha Electronical Mfg. Co., Ltd., 
Tokyo, Japan A) 
Sherman Industrial Electronics Co., 
State College, Pa. A 
Societe de L’Electronique  Fse., 
Asnieres, Seine, France A) 
*Thermatron Co., The, Div. of Willcox 
& Gibbs Sewing Machine Co., New 
York 18, N. Y. (A, B) 
*Tronomatic Machine Mfg. Corp., New 
York 54, N. Y. (A, B, C) 

*Vertrod Corp., Brooklyn 34, N. Y. 
(B, C) 

*Weldotron Corp., Newark 12, N. J. 
(A, B, C) 


HIGH-FREQUENCY PREHEATING 
EQUIPMENT 


Allis-Chalmers Mfg. Co., Milwaukee 1, 
fis. 

Beltran Associates, Inc., Brooklyn 10, 
N. Y. 


Cooper, D. C., Co., Chicago 5, Iil. 

Electric Hotpack Co., Inc., The, Phila- 
delphia 35, Pa. 

Faratron, Los Angeles 23, Calif. 

Flodins Industri A.B., Lysekil, Sweden 

Girdler Process Equipment Div., 
Chemetron Corp., Louisville 1, Ky. 

*Guild Electronics, Inc., Dynatherm 

Div., New York 13, N. Y. 


*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 


i. W. T., & Assoc., Inc., Troy, 


Lepel High Frequency Laboratories, 
Inc., Woodside 77, N.Y. 


*Mayflower Electronic Devices, Inc., 
Little Ferry, N. J. 


Plastic Welding Corp., Newark, N. J. 


Radio Frequency Co., Inc., Medfield, 
Mass. 


Repent Electronics, Inc., Newton 61, 


ass. 
*Reeve Electronics, Inc., Chicago 6, Ill, 
Scientific Electric, Inc., Garfield, N. J, 

*Sealomatic Electronics Corp., New 
York 1, N. Y. 

Sherman_ Industrial Electronics Co., 
State College, Pa. 

Societe de L/Electronique Fse 
Asnieres, Seine, France 

Symons, Ralph B., Associates, Inc, 
Tiverton, R. I. 

*Thermatron Co., The, Div. of Willcox 
& Gibbs Sewing Machine Co., New 
York 18, N. Y. 

Timadco, Inc., Mineola, N. Y. 

*Weldotron Corp., Newark 12, N. J. 

Young Bros. Co., Cleveland 13, Ohio 


HOBBING PRESSES 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 
*Atlas Hydraulics Div., Delaware Valley 
Mfg. Co., Inc., Philadelphia 34, Pa, 
Baldwin-Lima-Hamilton Corp., Indus- 
— Equipment Div., Philadelphia 


. Pa. 
*Becker & Van Hiillen, Krefeld, West 
Germany 
Bliss, E. W., Co., Canton 10, Ohio 
ts Hydraulic Press Co., Clifton, 


*Dake Corp., Grand Haven, Mich. 

*Danly Machine Specialties, Inc., Chi- 
cago 51, Ill. 

*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 

Elmes/King Div., American Steel Foun- 

dries, Cincinnati 29, Ohio 

*Erie Foundry Co., Erie, Pa. 

(end Bhutaghem Co., Inc., Ansonia, 

nn 


Ferracute Machine Co., Bridgeton, N. J. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
Haller, Inc., Northville, Mich. 
*Hochman Plastics Machin i 
Newark 2, N. J. 2 
*Johnson Machinery Co., Elizabeth, N. J. 
*Karlton Machinery Corp., Chicago 11, 


Lake ~ Machinery Corp., Buffalo 17, 


*Lawton, C. A., Co., The, De Pere, Wis. 
*M & N Modern Hydraulic Press Co., 
Inc., Clifton, N. J. 
Machine Factory & Foundry, Ltd. 
Netstal, Netstal, Switzerland 
Rodgers Hydraulic, Inc., Minneapolis 
26, Minn. 
Vere Allsteel Press Co., Chicago 19, 


*Watson-Stillman Press. Div., Farrel- 
a Co., Inc., Rochester 10, 


*Wood, R. D., Co., Philadelphia 5, Pa. 


HOPPER DRIERS 
(See Driers and Preheaters) 


HOPPER LOADERS 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 
*Akron Extruders, Akron 14, Ohio 
Ames Plastic Machinery Corp., Rego 
Park 74, N. Y. 
Danish Plastics, Copenhagen, Denmark 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 


(For complete addresses, see Alphabetical Index, p. 1179) 
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*Foremost Menino Builders, Inc., 
Livingston, N 

*Goulding Mfg. os, Saginaw, Mich. 

* Injection ie ders Supply Co., Cleve- 
land 28, O 


Ketchpel sian Co., West Engle- 


Ww « Je 
*National Rubber Machinery Co., Akron 
8, Ohio 
Rainco Mig. Inc., Franklin, Pa. 
Aielanee Sp » Inc., The, Garden City, 
N. 


Special Machinery Corp., Newark 2, 
N. J. 

Turbine Co., Hartford 6, 
Conn. 

*Thoreson-McCosh, Inc., Detroit 19, 
Mich. 


*Whitlock Associates, Inc., Oak Park 37, 
Mich. 


Spencer 


HYDRAULIC POWER SYSTEMS 


Ames _~ amend Corp., Rego 


Park 74, 
> yaa Div., Delaware Valley 
‘Co., Inc., Philadelphia 34, Pa. 
xB. . p. Engineering, Ltd., Sutton Cold- 
field, Warwickshire, England 
Baldwin-Lima-Hamilton Corp., Indus- 
ag Equipment Div., Philadelphia 
42, 
Berthelsen Engineering, Joliet, Tl. 
Bethlehem Steel Co., Bethlehem, Penn- 
sylvania 
*Clifton Hydraulic Press Co., Clifton, 
N. J. 
Consolidated Baling Machine Co., 
Brooklyn 15, N. 
Continental Machinery Co., Inc., New 
York 7, 
*Dake a Grand Haven, Mich. 
*Danly Machine Specialties, Inc., Chi- 
cago 51, Ill. 
Denison Engineering Div., American 
Brake Shoe Co., Columbus 16, Ohio 
*Erie Engine & Mfg. Co., Erie, Pa. 
*Erie Foundry Co., Erie, Pa. 
Fife Mfg. Co., Oklahoma City 18, Okla. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
GPE Controls, Inc., Chicago 11, IIl. 
*Goulding Mfg. Co., Saginaw, Mich. 
Croce, Hyams, Inc., Westbury, New 
OrK 
Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, III. 

Harvey, Guy P., & Son Corp., Leom- 
inster, Mass. 
*Hochman Plastics 
Newark 2, N 


is, Stanley H., Co., Chicago 31, 


Machinery Corp., 


*Hull Corp., Hatboro, Pa. 
*Hydraulic Press Mfg. Co., The, A Div. 
of Koehring Co., Mount Gilead, Ohio 


Ja os Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 


*Johnson Machinery Co., Elizabeth N. J. 
*Kabar Mfg. Corp., Roosevelt, N. Y. 
Wieden Machinery Corp., Chicago 11, 


*Lawton, C. A., Co., The, DePere, Wis. 
Machine Factory & Foundry, Ltd., Net- 
stal, Netstal, Switzerlan 
*Mayflower Electronic Devices, Inc., 
Little Ferry, N. J 


Oilgear Co., The, Milwaukee 4, Wis. 


Possis Machine Corp., Minneapolis 3, 


Minn. 


* Indicates Advertiser 


Racine Hydraulics & Machinery, Inc., 
Racine, Wis. 
Rodgers Hydraulic, 
26, Minn. 
Sheridan-Gray, Inc., Torrance, Calif. 
Stanford Engineering Co., Salem, Ill. 
Symons, Ralph B., Associates, Inc., Tiv- 


Inc., Minneapolis 


erton, R. I. 
*Werner & Pfleiderer, Stuttgart, West 


y 
*Wood, R. D., Co., Philadelphia 5, Pa. 


HYDRAULIC PRESSES 
(See Compression Presses, etc.) 


IMPREGNATING MACHINES 


*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 

Carolina Machinery Co., Sub. of Curla- 
tor Corp. Charlotte 1, N. C. 

Continental Machinery Co., Inc., New 
York 7, N. Y. 

Cooper, D. C., Co., Chicago 5, Ill. 

Curlator es East Rochester, N. Y. 

Devine, J. P., Mfg. Co., Pittsburgh Ee 


Pa. 
Edwards High Vacuum, Inc., 
Falls, N. Y. 


*Egan, Frank W., & Co., Somerville, N. J. 
*Faeco Machine Co., Inc., Paterson, N. J. 


*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 


*Hardman, H. V., Co., 


Niagara 


Inc., Belleville 


9,N. J. 
High Vacuum Equipment Corp., 

ham, Mass. 

* Hochman Plastics Machinery Corp., 
Newark 2, N. J. 

*Hull Corp., Hatboro, Pa. 

*Industrial Ovens, Inc., 
Ohio 

aey Machine Co., Inc., Paterson 4, 


Hing- 


Cleveland 11, 


Litzler, C. A., Co., 
Ohio 
*Mitchell Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. 
Multiplastics, Addison, Ill. 
*NRC Equipment Corp., 
Mass. 
New Plastic Corp., 
Calif. 
Nureco, Inc., Cranston 10, R. I. 
Seal Cast Co., Inc., Philadelphia 25, Pa. 
Shannon, Alexander J., Co., The, 
Fonda, N. Y. 
Sherman Rubber Co., Div. of Botwinik 
Bros. of Mass., Inc., Worcester, Mass. 
*Sta-Warm Electric Co., Ravenna, Ohio 
*Stokes, F. J., Corp., Philadelphia, Pa. 
Van Vlaanderen Machine Co., Pater- 


son, N. J. 


*Waldron-Hartig Div., 
Corp., 


Inc., Cleveland 9, 


Newton 61, 


Los Angeles 38, 


Midland-Ross 
New Brunswick, N. J. 


INJECTION MOLDING MACHINES 


A. Fully Automatic 
B. Semi-Automatic 
C. Hand-Operated 


A.M.LL., Paris 17, France 
*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. (A, B, C) 
Ankerwerk Gebr. ny 
(A) 


Goller, 
West Germany 


MACHINERY AND EQUIPMENT 


*xAukerwerk International-Krauss-Maffei 
International, Santa Ana, Calif. 


(A, 
*B.LP. Engineeri ng, Ltd., Sutton Cold- 
field, Warwickshire, England (A, B, C) 
*Baker Perkins (Exports), Ltd., London 
W.1, England (A, C) 
Baker Perkins Granbull, Ltd., Kingston- 
on-Thames, Surrey England (A, B) 
Baldwin-Lima- Hamilton Corp., Indus- 
trial Equipment Div., omen Fy 

42, Pa. (A, 
*Battenfeld Corp. of America, ss = 
Ill. A, B) 


*Battenfeld Maschinenfabriken GmbH, 
Meinerzhagen/Westf., West Ger- 
many ; (A, B 

*Becker & Van Hiillen, Krefeld, West 
Germany A, 

Bradley & Turton, Ltd., Kidderminster, 
England (B) 
British Machines & Founy. Sucre, 
Ltd., Port Washington, N. Y (C) 

a a panne Co., Inc., New York 


@.5 


B, C) 
es Hydraulic Press Co., Clifton, 
J. (A, B) 
atianiaa Corp., New York 3, N. Y. (A) 
*Covema s.r.l., Milan, Italy (A) 
Crown Machine & Tool Co., Fort 
Worth 7, Texas (A) 
Daniels, T. H. & J., Ltd., Stroud, 
Gloucestershire, England (A, B) 
Danish Plastics, Copenhagen, — 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada (A, B) 


*DeMattia Machine & Tool Co., ee 
N. A, A, B) 


Buhler a Uzwil, Switzerland 
Buhler Corp., The, Maapoe = 


Dowding & Doll, Ltd., London . 14, 
England (A, B, C) 
*Farrel-Birmingham Co., Inc., hangin. 
Conn. (A, B) 
*Fellows Gear Shaper Co., The, Plastics 
Machine Div., Springfield, Vt. (A, B) 
Fujikoshi Seiki Kogyo K.K., Shiba, 
Minato-ku, Tokyo, Japan (A, B) 
Harvey, Guy P., & Son Corp., Leom- 
inster, Mass. (A) 
Hinchman Mfg. Co., Inc., Roselle, N. J. 
(A, B, C) 

*Hochman Plastics Machinery Corp., 
Newark 2, N. J. (A, B, C) 
Husky Mfg. & Tool Works (Ont.), Ltd., 
Toronto 19, Ont. (A, B, C) 
*Hydraulic Press Mfg. Co., The, A Div. 
‘of Koehring Co., Mount merge 


Nashua, 
(A, B) 
Japa n Steel — Ltd., The, Chiyoda- 
u, Tokyo, Japan (A) 
*Johnson Machinery Co., Elizabeth, N. J. 
(A, B, C) 
Chicago 11, 
(A, B) 


*Improved Machinery, Inc., 
N. H. 


er na Machinery Corp., 
Ill. 


Kato Seishakusho Co., Ltd., Tokyo, 
Japan (B, C) 
Krauss-Maffei A.G. (A, B) 
Leominster Tool Co., Inc., Leominster, 
Mass. A 
*Lester Engineering Co., Cleveland 13, 
Ohio (A, B) 
Lewis Welding & Engineering Corp., 
Bedford, Ohio (A, B) 
*Lombard Governor Corp., Ashland, 
Mass. (A; B 
Machine Factory & Foundry, Ltd., Ne 
stal, Netstal, Switzerland (A, "B,C 
*Meiki Co., Ltd., Nagoya, Japan ws 
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*Mitsul & Co., Ltd., Tokyo, Japan 
*Moslo Machinery Co., Cleve 15 
Ohio (A) 
*National Automatic Tool Co., Inc. 
Richmond, Ind. (A, B) 

*Negri Bossi & C., Milan, hay 

*Newbury Industries, Inc., Newbury, 
Ohio ) 
ese Machinery Sales (Westminster) 
London $.W.1, England (A, B) 


aahneebien Tool & Die Co., Shrewsbury, 
Mass. 


*Rainville Co., 
N, Y. 
Package Machin- 


E. Longmeadow, Mass. B) 


(A, 
Ross, me ., Hatboro, Pa. (A) 
*Shaw, Francis, ry ., Ltd., Manchester 
ll, Englan (C) 
*Simplomatic Mfg. Co., Chicago, Ill. (A) 
*Standard Tool Co., Leominster, Mass. 


(A) 
nouns, F. J., Corp., Philadelphia 20, 


j 

ithe Albert, Maschinenfabrik, vie 

tho/Weser, Kalldorf, W. German (A) 
*Triulzi, A. Of., $.a.5., eae x, | 
B 


*Turner Machinery, Ltd., Plastics wit 
Leeds 13, Eng and (A, B, C) 
*Union Tool & Engineering Co., Dayton 
10, Ohio (A) 
*Van Dorn Iron Works Co., The, Cleve- 
land 4, Ohio (A, B, C) 
*Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc., Rochester 10, 
N. Y. (A, B, C) 
*Windsor, R. H., Ltd., Chessington, 
England (A, B, C) 


Inc., The, Garden iy 


*Reed-Prentice Div., 
ery Co., 


IRRADIATION EQUIPMENT 


Aerojet-General Nucleonics, San Ra- 
mon, Calif. 

Applied Radiation 
Creek, Calif. 

General Electric Co., Industrial Sales 
Offices, Schenectady 5, N. Y. 

High Voltage Engineering Corp., Burl- 
ington, Mass. 


Corp., Walnut 


KETTLES, RESIN 


Artisan Metal Products, Inc., Waltham 
54, Mass. 

Beltran Associates, Inc., Brooklyn, N. Y. 

Bethlehem Steel Co., Bethlehem, Penn- 
sylvania 

Blaw-Knox Co., Liars & 22, Pa. 

Cooper, D. C., Co. , Chicago 5, Ill. 

a gy & Russell, Inc., Stamford, 


Devine, J. P., Mfg. Co., Pittsburgh 1, 


Faloon Equipment Co., New Brighton, 
P: 


2. 
*First pieeieny Corp., Brooklyn 15, 
N, 


Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio 

Process Engineering & Machine Co., 
Inc., Elizabeth, N. J. 

Rees, Charles, & Son Co., Brooklyn 5, 

*Sta-Warm Electric Co., Ravenna, Ohio 
Tower Iron Works, Inc., Seekonk, Mas- 
sachusetts 


KNEADERS AND MIXERS 
(See Extruders, Mills, Intensive Mixers) 
7 & Indicates Advertiser 
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LABELING 
AND DECORATING 
MACHINES 


*Acromark Co., The, Elizabeth 4, N. J. 
Amsco P. i 


Island City 1, N. Y. ei 
* Apex * ees Co., College Point 56, 
N. 


Baumann, Franz & Co., Zurich 1, 
Switzer 
Brady, W. H., Co., Milwaukee 9, Wis. 
Carbert Mfg. Co., Inc., Cambridge 39, 
Mass. 
*Cosmos Electronic Machine Corp., New 
York 12, N. Y. 
Defiance Machine & Tool Co., St. 
Louis 10, Mo. 
Dennison Mfg. Co., Framingham, Mass. 
G & S Label Corp., New York 1, N. Y. 
General Research & Supply Co., Grand 
Rapids 3, Mich. 
i ae Eastern Co., New York 1, 
» 


*Kensol-Olsenmark, Inc., New York 13, 
N. Y. 


Ketchpel Engineering Co., West Engle- 
—- N. 


& Co., ‘Inc., Baltimore 15, Md. 
Mar em Machine Co. Keene, N. H. 
Mercury Heat Sealing Equipment Co., 
Philadelphia 33, P 


te Kenneth J., & Co., Chicago 26, 


New Jersey Machine Corp., Hoboken 1, 


i. 

Potdevin Machine Co., Teterboro, N. J. 

Rutherford Machinery Co., Div. of Sun 
Chemical Corp., E. Rutherford, N. J. 


Screen-O-Printer Mfg. Co., Adams, 
Mass. 


LAMINATING PRESSES 


A. High-Pressure Laminates 
B. Thermoplastic Sheet 

*Adamson United Co., Akron 4, Ohio 
(A, B) 
* Atlas Hydraulics Div., Delaware Valley 
Mfg. Co., Inc., Philadelphia 34, Pa. 
(A, B) 
Bachmann, W. M., Associates, Clear 
Lake, Iowa (A) 


Baldwin-Lima-Hamilton Corp., Indus- 
trial Equipment Div., Philadelphia 
42, Pa. (A) 


*Becker & Van Hiillen, Krefeld, West 


Germany (A, B) 
Berthelsen Engineering, Joliet, Ill. 


Birdsboro Corp., Birdsboro, Pa. (B) 
Black Bros. Co., Inc., Mendota, III. 
(A, B) 
*Bolling, Stewart, Cleve- 
land 27, Ohio (A, B) 
Bradley & Turton, Ltd., Kidderminster, 
England (A) 
*Campbell-Kent, Cuyahoga Falls, One 


& Co., Inc., 


*Carver, Fred S., Inc., Summit, N. J. (B) 


Clearing Div. of U. S. Industries, Inc., 
Chicago 38, Ill. (A 


— Hydraulic Press Co., Clifton, 
J. (A, B) 


cunike ated os Machine Co. 
Brooklyn 15, N. (A, B) 
*Danly Machine ig Inc., Chi- 
cago 51, Ill ’ 
Dunning & Boschert Press Co., Inc. 
The, Syracuse 2, N. Y. (A, B B} 


(A, B) B) 
Ese Engine & Mfg. Co. Erie, Pa. 


Co., Erie, P KB 
ticco Machine "Co," Inc, Pater 


. inc. a 


AF ape Birmingham Co., Inc., ‘7 ia i 
Fjellman American, Inc., Joliet, 


B) 
i: way Ning Machinery Co., ite 
Glasslcid Corp. of America, Cli 7. 
Hesalin Co Div. of ‘er; 

Corp., De "Plaines, Ill. A, B) 
*Hochman Plastics Machinery 
*H io # ibeso, P. aa 
at a. 
ent’ Honlooy, Machine Co., = 
Mass A 
Identification Service Corp., now My 
- Roto Machine Co., Richmot i 
tJohueon Machinery Co., Elizabeth, ne: 
Epon Machinery Corp., Chicage ik iT 
Kingsbacher Murphy Co., Los An B 
45, Calif. A, B) 
Lake Erie Machinery Corp., Buffalo 17 
N. Y. (A, B} 
*xLawton, C. A., Co., The, De Pe 
Wis. (A, B 
*Lembo Machine Works, Inc., Paterson 
4,N. 
*Li Machine Co., Inc., Paterson 
N. Jj. (A, B 
Lodge & Shipley Co., The, Cincinnati 
25, Ohio (A, B) 
*Logan Hydraulics, Inc., Chicago 30, 
fil AB 


( 
Lesa Engineering & Mfg. Co., as 


J. 
*M “& N Modern Hydraulic ree 
Inc., Clifton, a : 
Machine Factory Found 
Netstal, Netstal, Be a 
*Meiki Co., Ltd., Nagoya, Japan (A, B) 
*Mitsui & Co., Ltd., Tokyo, Japan 
Monkley Corp., Worcester 8, Maw 
Pacific Plastic Machinery, Inc., Chicas 
23, Ill. 


Pasadena Hydraulics, Inc., El Mont 
Calif. (A, B 
Vauxhall. 
(A, B) 
Rotobond, Inc., Bound Brook, N. J. 
Shannon, Alexander J. Co., The, Fonda, 
N. Y. (A, B) 
Siempelkamp, G., & Co., Krefeld, West 
Germany (A, B) 
Studebaker i Products Co., 
Melrose Park, (A, B) 
Symons, Ralph | Associates, Inc. 
Tiverton, R. I. (A A, By 
T & M Textile Mfg. Sales Corp., Brook- 
lyn 22, N. Y. (A) 
Taccone Corp., North East, Pa. (A, B) 
Toko Machine Industry Co., Ltd. 
Tokyo, Japan (A, B) 
*Triulzi, A. Off., s.a.s.. Milan, Italy (A) 
*Tronomatic Machine Mfg. Corp., New 
York 54, N. Y. ‘A, 
Union Tool Corp., The, Warsaw, ing. 


Pieie Laminating Corp., 


Ware Allsteel Press Co., Chicago . 
*Watson-Stillman Press Div., Farrel- 
—— Co., Inc., Rochester B 


*Williams-White & Co., Moline, Il. (A) 
*Wood, R. D., Co., Phila, Pa. (A, B) 


(For complete addresses, see Alphabetical Index, p. 1179) 





LINERS, EXTRUDER CYLINDER 


*Akron Extruders, — 14. Ohio 
Black-Clawson Co., Hale & Kull- 
gren Plastics Dept., y Tom 10, Ohio 
*Davis-Standard Div., Franklin Research 
& Development Corp., Mystic, Conn. 
Industrial Research Laboratories, Los 
Angeles 11, Calif. 
JMC CG, Newark N. J. 
1, = Steel W —_ Led, The, Chiyoda- 


u, Tokyo, Japan 
Séhne, Krefeld, 


*Kleinewefers, Joh., 
West Germany 

*National Rubber Machinery Co., Akron 
8, Ohio 


an Tool & Machine Co., Newark 5, 
N. J. 


MARKING EQUIPMENT 


A. Branding 
B. Engraving 
Printing (See Printing 
Equipment for Plastics) 
C. Roll Leaf Stamping 


*Ackerman Gould Co., Inc., Oceanside, 
N. Y. C) 


*Acromark Co., The, Elizabeth 4, N. WP, 


Rages Machine Co., College poor 56, 
Y. 


(C) 

Be " Mark Corp., Newark 7, N. J. (B, C) 
Defiance Machine & Tool Co., wy 
Louis 10, Mo. (A, B, C) 
Foredom Electric Co., Inc., Bethel, 
Conn. (B) 
Gorton, George, Machine Co., Racine, 
Wis. (B) 
Gottscho, Adolph, Inc., Hillside 5, N. J. 
(A, C) 


Halvorfold Kwikprint Co., Jacksonville, 
Fla. (C) 
Industrial Marking Equipment Co., 
Inc., Brooklyn 8, N. Y. (C 
*Kensol-Olsenmark, Inc., New York 13, 
N. Y. (A, C) 
*Kingsley Machine Co., Hollyweod 38, 
calif. (C) 
Markem Machine Co., Keene, N. H. (C) 
Matthews, James H., & Co., Pittsburgh 
13, Pa. (A, B, C) 
*Mico Instrument Co., Cambridge 38, 
Mass. (B) 
Monkley Corp., 
chusetts 
*New Hermes Engraving Machine Corp., 
New York 11, N. Y. (B) 
*Peerless Roll Leaf Co., Union City, 
N. J. (C) 
Wrapping Machine Co., La 
Grange Park, Ii. (B) 
*Preis, H. P., Engraving Machine Co., 
Hillside 5, N. j. (B) 
Skyline 
Vania 
Superior Roll Leaf Manufacturers, Inc., 
Hot »0ke i. N. ( 
Swan Machine C _. 


Worcester 8, Massa- 


Pierce 


Industries, Titusville, Pennsyl- 


New York 1, N. Y. 
(C) 


*Swift, \ Hartford, Conn. 
(C) 


{., & Sons, Inc., 


*Weber Hot Stamping Equipment Co., 
Chicago 13, Ill. (C) 


Weber Marking Systems, Inc., Mt. 
Prospect, Ill. (B) 


Western Supplies Co., St. Louis 6, Mo. 
(B) 


* Indicates Advertiser 


MASK WASHING 
MACHINES 


wahoo Matrix Corp., Toledo 11, 
io 
Coope , Co., Chicago 5, Ill. 

*DeVilbieee on The, Toledo 1, Ohio 

*Finish Engineering Co., Inc., Erie, Pa. 

*Lupoline Automatic Polishin Equip- 
ment Corp., Bronx 70, N. Y. 

“Sonenee & Associates, Grand Rapids 5, 
Mich. 


METAL DETECTORS AND 
SEPARATORS 


Brilmayer, E. Ws 
New York 38, 
Carpco Mfg., hy "Jacksonville 6, Fla. 
Crucible Steel Co. of America, Pitts- 

burgh 30, Pa. 
Frantz, S. G., Co., Inc., Trenton 6, N. J. 
Magnetic Engi ineering & Mfg. Co., 
Clifton, N. 
* Plastic Molders Supply Co., Inc., Fan- 
wood, 


Radio Corp. 


paneeeinaton, Inc., 


of America, Camden 2, 


Garden City, 


N. J. 
*Rainville Co., Inc., The, 
N. Y. 


METAL SPRAYING 
MACHINES 


*Binks Mfg. Co., Chicago 12, Ill. 
Schori Process Corp., Port Washington, 
N. Y. 


MILLS 


A. Roll 
B. Fine Grinding (Pulverizing Machines) 


a Pogneuing Co., New te u 
A 
Abbé, ‘he O., Inc., Little Falls, N. J; 


* Adamson United Co., Akron 4, Ohio i 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. A 
Berstorff, Hermann, 

GmbH, Hannover, West Germany 
*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. (A) 
— Stewart, & Co., Inc., Cleve- 
land 27, Ohio (A) 
Continental +. ed Co., Inc., New 
York 7, N. Y (A, B) 
Custom Mi achine & Design, Inc., Akson 
9, Ohio (A) 
Daffin Mfg. Co., Lancaster, Pa. (B) 
Day, J. H., Co., The, Div. of The Cleve- 
land Automatic Machine Co., Cincin- 
nati 12, Ohio (A, B) 
*Entoleter, Inc., Sub. of American Mfg. 
Co., Inc., New Haven, Conn. (B) 
*Erie Engine & Mfg. Co., Erie, Pa. (A) 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. (A) 
*First Machinery Corp., Brooklyn 15, 
N. Y. (A, B) 
*Foremost Machine Builders, Inc., 
Livingston, N. J. (B) 
*Getty Machine & Mold, Inc., were 


Pl 


> 


Maschinenbau 


Camp, B. F., Co., Chicago 50, II. 
(A, B) 


Hale & Kullgren, Inc., Akron, Ohio (A) 


MACHINERY AND EQUIPMENT 


*Hochman Plastics Machinery o-. 

Newark 2, N. J. (A, B 

J MC Co., Newark 5, N. J. (A) 

* Johnson Machinery Co., Elizabeth, N. 
*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany A, B) 
an Mfg. Co., Inc., Eves) 

9, Mass 

Miller Franklin P., & Son, East Cnam 
N. A 


16, N. J. (A, B) 
Negri Bossi & C., Milan, Italy (B) 
Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio 3 
Pulva Corp., Perth Amboy, N. J. (B) 
Pulverizing Machinery Div., Metals 
Disintegrating Co., Inc., Summit, 

N 


y (B) 
#Ratviite Co., Inc., The, Garden City, 


N. Y. B) 
*Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N. J. (A) 
Ross, aman & Son Co., Brooklyn 5. 
N. (A, B) 
*Shaw, ile & Co., Ltd., Manchester 
11, England (A, B 
Sherman Rubber Co., Div. of Botwinik 
Bros. of Mass., Inc., Worcester, ines. 
Sprout, Waldron & Co., Inc., wes: 
Boston 22, Mass. 
(A, B) 

Symons, Ralph B., Associates, Inc., 
Tiverton, R. I. (A) 
*Thropp, Wm. R., & Sons, Div. of J. M. 
Lehmann Co., Inc., Lyndhurst, Mi; 


Pa, 
Sturtevant Mill Co., 


Toko Machine Industry Co., Ltd., 
Tokyo, Japan (A, B) 


MIXERS AND BLENDERS 


A. Dry Coloring and Blending 
B. Intensive Internal 
C. Liquid 


A.M.LL., Paris 17, France 
Abbe Engineering Co., New York 17, 
N. Y. (A, 


*Abbé, Paul O., Inc., Little Falls, Nh; 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. (A) 
*Adamson United Co., Akron, Ohio (B) 
Alsop Engineering Corp., Milldale, 
Conn, (C) 


*Ankerwerk International-Krauss-Maffei 
International, Santa Ana, Calif. (A, B) 
*Baker Perkins (Exports), Ltd., London 
W.1, Englan (A, B, C) 
Baker Perkins, Inc., Saginaw, Mich. (B) 
*Ball & Jewell, Inc., Brooklyn 22, N. ant 
*Beardsley & Piper, Chicago 39, Ill. (A) 
Beltran Assoc., Inc., Brooklyn, N. Y. (A) 
*Bolling, Stewart, & Co., Inc., Cleve- 
land 27, Ohio (B) 
*Bonnot Co., The, Canton 2, Ohio (A) 
at Equipment a Blaw-Knox 
.. Buffalo 11, N. (C) 

Mn. ‘Ltd., Basel, ea ai (B) 
Celi Compagnia Elettromeccanica Itali- 
ana s.r.l., Milan, Italy (B) 
Chesninest, Inc., Dayton 2, Ohio (C) 


Cleveland Mixer Co., Bedford Heights, 
Cleveland, Ohio (C) 


Colton, Arthur, Co., Div. of Snyder 
Corp., Detroit 7, Mich. (A, C) 
Continental Machinery Co., Inc., New 
York 7, N. Y. (B) 
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Cooper, D. C., , Chicago 5, Ill. (A) 
Comell PD. See Co., The, New York 5. 
N. (B, C) 
Crow Machinery, Inc., Los Anant 
ll 
Curlator Corp., East Rochester, N. x 
Custom Machine & Design, Inc., Akron 
9. Ohio B 
Daffin Mfg. Co., Lancaster, Pa. (A 
*Dake Corp., Grand Haven, Mich. (A) 
Danish Plastics, Copenhagen, k 
(A) 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada (A j 
Day, J. H., Co., The, Div. of The Cleve- 
land Automatic Machine C ., os) 
nati 12, Ohio (A 
Desine, J. P., Mfg. Co., Patsburgh 1 4 


A 
Dunning & Boschert Press Co., Soe 
The, Syracuse 2, N. Y. 


A) 
Eastern Industries, E. Norwalk, Conn. 


(C) 
*Entoleter, Inc., Sub. of American Mfg. 
Co., Inc., New Haven, Conn. (A, B) 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. (A, B) 
*First Machinery Corp., Brooklyn 15, 
N, Y. (A,B 
*Foremost Machine 
Livingston, N. J. 


General Machine Co. of New 
Newark 12, N. J. (A, 5 


*Getty 
N 


Builders, it 


Machine & Mold, Inc., Clifton, 


N. ). A, C) 
Henschel-Werke GmbH, Kassel, West 
Germany 


* Hochman Plastics Machinery Com., 
Newark 2, N. J. (A, B, C) 
*Hull Corp., Hatboro, Pa. (A) 
* Injection wry Supply Co., Cleve- 
land 28, 
Internation iy 2 inesstaie. Inc., 
1, Ohio 
Japan Steel Works, Ltd., The, Chiyodn 
Tokyo, Japan (B) 
tiaheneian Machinery Co., Elizabeth, N. J. 


A) 
Day - 


(A,B) 
Krauss-Maffei A.G., Munich-Allach, W. 
Germany (A, B) 
*Krieger Color & Chemical Co., Inc., 
Hollywood 38, Calif. (A) 
Littleford Bros, Inc., Cincinnati 2, 
Ohio (A, B) 
*Lupoline Automatic Polishing Equip- 
ment Corp., Bronx 70, N. Y. (A 
Manning & “ ewis Engineering Co., 
Newark 4, N. J. (C) 
Manton-G ete Mfg. Co., Inc., Everett 
49, Mass. , 


Miller, 7 ranklin P., & Son, East Orange 
16, N. J. (A) 
*Mitchell Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. (A) 
Mixing Equipment Co., Inc., Rochester 
ee 
, Utica 1, 
(A) 
Chicago 6, 
(B) 


Munson Mill Machinery Co. 
— a 

= ts Engineering Co., 
I 


*National Rubber Machinery Co., Akron 
8, Ohio (B) 
New England Tank & Tower Co., 
Everett 49, Mass (C) 
New Plastic Corp., Los Angeles 38, 
Calif. (A, B, C) 
Oakes, E. T., Corp., The, Islip, N. Y. 
(B, C) 

Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio (A, B) 
Patterson-Kelley Co., Inc., The, E. 
Stroudsburg, Pa. (A, B) 


% Indicates Advertiser 
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wate Molders Supply Co., Inc., Fe. 


*Prodex Corp., Fords, N. J: (A, B 
* Progressive Machine Co., Inc., emer 


4, N. J. 

Rainco Mfg. , Inc., Franklin, Pa. tk} 

aes a , Inc., The, Garden oR: 
Rapids Machinery Co., Marion, wr 


(A) 
Read Standard, ag of Capitol Prod- 

ucts Corp., York, P a. (A, B) 
Reed Plastics Corp., Worcester 8, Mass. 


) 

*Reliable Rubber & Plastic Machinery 
Inc., N. Bergen, N. J. (A, B) 
*Rezolin, Inc., Santa Monica, Calif. (A) 
Bom, A harles, & Son Co., "Brooklyn t 


Show, a & Co., 
1l, England 
Special Machinery Corp., Newark : 


Sprout, Waldron & Co., 


A, 
Ltd., Manchester 
A,B 


Inc., Muncy, 
Pa. A 
Standard Electric Mfg. Co., West Ber- 


lin, N. J. 
Stevenson Co., The, Wellsville, Ohio 
A, C) 


Struthers Wells Corp., Warren, Pa. C) 
Sturtevant Mill Co., Boston 22, ar 


Toko Machine Industry Co., Ltd., 
Tokyo, Japan (B) 
Tower Iron Works, Inc., Seekonk, 


Mass. (A, B, C} 
*U. S. Stoneware Co., The, Tal madge, 


Ohio 

*Werner & Pfleiderer, 
Germany 

Young eC Co., Inc., 
Muncy, Pa. 


Stuttgart, Wee 
(A, B 


e, 
(A, C) 


MOLD COMPONENTS, 
STANDARD STOCK 


Columbia Engineering Co., Inc., New- 
ar » iN. J. 
Crucible Steel Co. of America, Pitts- 
burgh 30, Pa. 
Damen Tool & Engineering Co., Inc 
Chicago 31, Il. 
ons Mold Engineering Co., Detroit, 
ich. 
Master Unit Die Products, Inc., Green- 
ville, 


ich, 
National Tool & Mfg. Co., Kenilworth, 


J. 
Treo Machine Products Corp., The, 
Cleveland 5, Ohio 


MOLD HEATING, COOLING, AND 
TEMPERATURE CONTROL SYSTEMS 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 
Al-Be Industries, South Gate, Calif. 
* Application Engineering Corp., Frank- 
lin Park, Til. 
ete & Blower & Pipe Corp., Brook- 
yn, 
Brown Machine Co., Beaverton, Mich. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Fenwal, Inc., Ashland, Mass. 
*Goulding Mfg. Co., Saginaw, Mich. 


a am Mfg. Corp., Indianapolis 4, 
Ind. 


*Industrial Ovens, 
Ohio 


*Injection Molders Supply Co., 
land 28, Ohio 


Inc., Cleveland 11, 


Cleve- 
#Kleinewefers, Joh., 


Krefeld, 
West Germany 


Sdhne, 


Lavorazione Materie Plastiche, S.A.S., 
Torino, Italy 
*Lembo Machine Works, Inc., Paterson 
4, N. J. 
*Liberty Machine Co., Inc., 


*L , Plastic Machinery Diy. 
"Forney Robbins Plastic Machinery 


* Mayer ting Engineers, Inc., 
at Park, N. f 
Mercury Industries, Inc., Hillsdale, N. J. 
Mercury Molding Machinery, Inc., 
Yonkers, N. Y. 
*Mokon Div., Protective Closures Co., 
Inc., Buffalo 23, N. Y. 
Motch & Merryweather Machinery Co., 
The, Cleveland 17, Ohio 
Par-Vin Co., Batavia, N. Y. 
Peuchen Engineering Corp., Wilming- 
ton 4, 


Bes Co., Inc., The, Garden City, 


Ross, Seymour, Corp., Hatboro, Pa. 
Saren, Inc., Chicago 51, Ill. 
*Sterling, Inc., Milwaukee 23. 
— Associates, Inc., New York 16, 
ee Trol Mfg. Corp., New York 22, 
4 


Paterson 4, 


Tenney Engineering, Inc., Union, N. J. 
*Tronomatic Machine Mfg. Corp., New 


% 4 
United Electric Controls Co., Water- 
town 72, M 
Verduin, te “Machine Corp., Pater- 
son 4, N ai 
Vic Mfg. Co., Minneapolis, Minn. 
*Waldron-Hartig Div., Midland-Ross 
rp., New Brunswick, N. J 
Waynco, Inc., Winona, Minn. 


MOLDS AND DIES 
(See Specialized Services, p. 1134) 


MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wi 


is. 

Allis, Louis, Co., The, Milwaukee 1, 
Wis. 

Denison Engineerin; American 
Brake Shoe Co Pome ol 16, Ohio 

General Plea” Co. cme Current, 
Motor & Generator Regt. , Erie, Pa. 

enectady 5, N. Y. 

IMC Magnetics Corp. Westbury, N. Y. 

Oilgear Co, The, Milwaukee 4, Wis. 

Reliance Electric & Engineering Co., 
Cleveland 17, Ohio 

Sterling Electric Motors, Inc., Los An- 
geles 22, Ca 

U. S. E Electrical ‘Motors, Inc., Los An- 
geles 54, 

Westinghouse | Electric Corp., 
burgh 30, 


Pitts- 


NOZZLES FOR INJECTION 
MOLDING MACHINES 


Anson Tools & Gages, Inc., Erie, Pa. 
wee Corp. America, Chicago 
13 


I 
Beth Boryliiom Co., The, Cleveland 
*Clifton Hydraulic Press Co., Clifton, 


*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Header Tool Co., ‘Southfield, Mich. 
— Control. Corp., Bi 
ic 


(For complete addresses, see Alphabetical Index, p. 1179) 








xInjection Molders Supply Co., Cleve- 
land 


Japan Steal Works, Ltd., The, Chiyoda- 
3 Tokyo, Japan 

*Krieger Color & Chemical Co., Inc., 
Hollywood 38. Calif. 

Melt Extractor Mfg. Corp. .. New York 
67, N. 

Peco Machinery Sales (Westminster), 
Ltd., London S.W.1, England 


Rainco Brame 2 Inc., Franklin, Pa. 
Ross, our, Corp., Hatboro, Pa. 
ans Tool Co., Leominster, Mass. 


ORIENTATION EQUIPMENT 


Al-Be Industries, South Gate, Calif. 

Bruckner Machinery Corp., Grove, 
N. J. 

on Machine & Mold, Inc., Clifton, 

Ja A Stel yo Ltd., The, Chiyoda- 
iu To kyo] 

*Marshall & W Tams Corp., Providence 
5, BOL 

*National Rubber Machinery Co., Akron 
8, Ohio 

Tower Iron Works, Inc., Seekonk, Mass. 

*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, N. 


J. 
Winsor & Jerauld Mfg. Co., Providence 
§. B. . 


OVENS 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 

American Instrument Co., Inc 
Spring, M 

Beltran Associates, Inc., 


, Silver 
Brooklyn 10, 


*Binks Mfg. Co., Chicago 12, IIl. 
*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 
Blodgett, G. S., Co., 
ington, Vt. 
*Blue, E. B., Co., S. Norwalk, Conn. 
Blue M Electric Co., Blue Island, IIl. 
Brenner, I. G., Co., Newark, Ohio 


Brooklyn Blower & Pipe Corp., Brook- 
lyn, N. Y 


*Brosites Machine Co., Inc., 
1, oe 4 


Inc., The, Burl- 


New York 
— Machinery Corp., Cedar Grove, 


Calmic Engineering Co., Ltd., 
England 

Colton, Arthur, Co., Div. of Snyder 
Corp., Detroit 7, Mich. 

a Machinery Co., Inc., New 
York 7, N. Y. 

Cooper, D. C., Co., Chicago 5, Il. 

Danish Plastics, Copenhagen, Denmark 

*Danson, Barnett J., & Associates, Ltd., 

Toronto 12, Ont., Canada 


*Dawson, F. C., Engineering Co., Can- 
ton, Mass. 


*Despatch Oven Co., 
Minn. 


*DeVilbiss Co., The, Toledo 1, Ohio 


Devine, J. P., Mfg. Co., Pittsburgh 1, 
a. 


Drying Systems Co., 


Electric Hotpack Co., 
delphia 35, Pa. 


Fisher Scientific Co., Pittsburgh 19, Pa. 


*Foremost Machine Builders, Inc., Liv- 
ingston, N 


Crewe, 


Minneapolis 14, 


Chicago 40, Ill. 
Inc., The, Phila- 


% Indicates Advertiser 


Coy Co., Inc., Chicago 22, 


Gruenber Electric Co., Inc., Garden 
ity, N. Y. 
*Guild Electronics, Inc., Dynatherm 


Div., New York 13, N. Y. 
Herbert Products, Inc., Woodhaven 21, 


N. Y. 

*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 
nd Ovens, Inc., Cleveland 11, 
Ohio 


Infra-Red Systems, Inc., Riverdale, N. J. 
ee. = Supply Co., Cleve- 


= Roto Machine Co., Richmond 3, 


diene Machinery Co., Elizabeth, N. J. 

Leon Machine & Engineering Co., Riv- 
erside, N. J. 

Litzler, C. A., Co., Inc., Cleveland 9, 


Ohio 
*Lydon Bros., Inc., Hackensack, N. J. 


* Lynch Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart, Ind. 

Mercury. Molding Machinery, Inc., 
Yonkers, N. Y. 
os ee Machinery Corp., Elizabeth, 


Michi fan Oven Co., Detroit 1, Mich. 
Miskella Infra-Red Co., Inc., The, 
Cleveland 4, Ohio 


*Modern Plastic Machinery Corp., Clif- 
ton, N. J. 
Radiant Heat Enterprises, Inc., 


Short 
Hills, N. J. 
*Rainville Co., Inc., The, Garden City, 


Ramco Equipment Corp., Div. of Ran- 
~_e Mfg. Co., Inc., New York 59 


8 Co., Hamilton, Ohio 
Research, Inc., Minneapolis 24, Minn. 
Rockwell, W. S., Co., Fairfield, Conn. 


Stromes Oven Systems Div., Peter W. 
Stromes Corp., New York 13, N. Y. 


—, Associates, Inc., New York 16, 


T & M Textile aes, Sales Corp., 
Brooklyn 22, N. 


Tenney Staaten ‘lnc. Union, N. J. 

Tower Iron Works, Inc., Seekonk, Mass. 

Weer, Douglas C., Co., Glenside, 
a. 


Young Bros. Co., Cleveland 13, Ohio 


PAINT SPRAYING EQUIPMENT, 
AUTOMATIC 


*Akron Presform Mold Co., The, 
Cuyahoga Falls, Ohio 

*Binks Mfg. Co., Chicago 12, Il. 
Clair Mfg. Co., Inc., Olean, N. Y. 

*Conforming Matrix Corp., Toledo 11, 

io 

*DeVilbiss Co., The, Toledo 1, Ohio 
Electric Trading Co., New York, N. Y. 

*Finish Engineering Co., Inc., Erie, Pa. 

*Flexible Products Co., Marietta, Ga. 
Gray Co., Inc., Minneapolis 13, Minn. 
Mercury Molding Machinery, Inc., 


Yonkers, N. Y. 
*Sepanski & Associates, 
5, Mich. 
Whitaker, 
a. 


Grand Rapids 
Douglas C., Co., Glenside, 


PAINT WIPING MACHINES 
*Finish Engineering Co., Inc., Erie, Pa. 


MACHINERY AND EQUIPMENT 


PAINTING EQUIPMENT 


*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 
*Binks Mfg. Co., Chicago 12, Ill. 
sas | Blower & Pipe Corp., Brook- 
lyn, N. Y. 
*Conforming Matrix Corp., Toledo 11, 
0 
*DeVilbiss Co., The, Toledo 1, Ohio 
a A Trading Co., New York 13, 
N 


*Finish Engineering Co., Inc., Erie, Pa. 
*Flexible Products Co., Marietta, Ga. 
Gray Co., Inc., Minneapolis 13, Minn. 
Mercury Molding Machinery, Inc., 
Yonkers, N. Y. 
Metalwash Machinery Corp., Elizabeth, 
N. J. 
*Plastic Engineering am £ cmc Co., 
Fort Lau oe ae, 
ar: ui Div. of Ran 
Mig. Co = guns New York 59, 


other Engineering Co., Inc., Chicago 
31, Ill. 
Scientific Electric, Inc., Garfield, N. J. 
*Sepanski & Associates, Grand Rapids 5, 
Mich. 


Suffolk Associates, Inc., New York 16, 
N. Y. 

Whitaker, Douglas C., Co., Glenside, 
Pa. 


PELLETIZERS 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N 
Al-Be Industries, South Gate, Calif. 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. 
*Alsteele Engineering Works, Inc., 
Framingham, Mass. 
*B. I. P. Engineering, Ltd., Sutton Cold- 
field, Warwickshire, England 
Baker Perkins, Inc., Saginaw, Mich. 
*Ball & Jewell, Inc., Brooklyn 22, N. Y. 
a Corp. of America, Chicago 
Black-Clawson Co., The, Hale & Kull- 
gren Plastics Dept., Akron 10, Ohio 
*Bonnot Co., The, Canton 2, Ohio 
Buss, Ltd., Basel, Switzerland 
Colton, Arthur, Co., Div. of Snyder 
Corp., Detroit 7, Mich. 
*Covema s.r.l., Milan, Italy 
*Cumberland Engineering Co., Inc., 
Providence 1, R. I. 
Daffin Mfg. Co., Lancaster, Pa. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
*Davis-Standard Div., Franklin Research 
& Development Corp., Mystic, Conn. 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 
*First & appre Corp., Brooklyn 15, 


en Machine & Mold, Inc., Clifton, 


men ‘Extroders, Waldron-Hartig Div., 
ig Eat Ross Corp., Westfield, N. J. 


* Hochman peptes Machinery Corp., 
Newark 2, N. J. 
J MC Ca., Newark 5, N. J. 
Japan Steel Works, Ltd., The, Chiyoda- 
i. Tokyo, Japan 
*Johnson Machinery Co., Elizabeth, N. J. 
<= Seishakusho Co., Ltd., Tokyo, 
apan 
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MACHINERY AND EQUIPMENT 


L & P Tool Co., Cincinnati 25, Ohio 

Lavorazione Materie Plastiche, S. A. S., 
Torino, Italy 

Miller, Franklin P., & Son, East Orange 


16, N. J. 
Mitts & Merrill, Saginaw, Mich. 
rag” Plastic Machinery Corp., Clif- 


ton e 
ubber Machinery Co., Akron 


dNetonal 
Yhio 
*Ne agri Bossi & C., Milan, Italy 
oe Co., Inc., The, Garden City, 
N. 


Waldron & Co., 


*Sterling Rutsates Corp. 
*Stokes, 
Pa. 


nc., Muncy, 


Linden, N. J. 
Mh ty Philadelphia 20 


Seonel’ 
Pa 


*Taylor, Stiles & Co., Riegelsville, N. J. 

*Werner & Pfleiderer, Stuttgart, West 
Germany 

*Windsor, R. H., Ltd., Chessington, 
England 


*Zimmer Plastic. GmbH, Offenbach/ 
Main, West Germany 


PERFORATING MACHINES 
eo Gould Co., Inc., Oceanside, 
im 4 


Ail Vac-Machine Corp., Rochester 17, 
2 


Che smicraft Corp., New York 1, N. Y. 
*Danly Machine Specialties, Inc., Chi- 
cago 51, I 
*Dusenbery, John, Co., Inc., Clifton, N. J. 
*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio 
Ketchpel Engineering Co., West Engle- 
wood, N. 


Mz oa, Robert 7 ta & Sons, Inc., Wyckoff, 


P a... r Converting Machine Co., Green 


Bay, Wis. 
Perforated Specialties Co., New York 1, 
N. Y. 
Pingest Hollow Drill Co., Toledo 7, 
io 


Swan Machine Co., New York 1, N. Y. 
Western Supplies Co., St. Louis 6, Mo. 


PLATENS, PRESS 
(Electric and Steam) 


*Adamson United Co., Akron 4, Ohio 
*Adco Engineering & Mfg. Co., Inc., 


Chicago 14, Iil. 
Atlantic Mfg. Co., Philadelphia 22, Pa. 
* Atlas Hydraulics Div., Delaware Valley 
Mfg. Co., Inc., Philadelphia 34, Pa. 
*B. I. P. Engineering, Ltd., Sutton Cold- 
field, Warwickshire, England 
Bachmann, W. M., Associates, Clear 
Lake, lowa 
Baldwin-Lima-Hamilton Corp., Indus- 
oa _Sanigueent Div., Philadelphia 
42, 
Be Siren y ny Inc., Brooklyn 10, 
Berthelsen Engineering, Joliet, Ill. 
Birdsboro Corp., Birdsboro, Pa. 
Bliss, E. W., Co., Canton 10, Ohio 
* Bolling, Stewart, & Co., Inc., Cleve- 
land 27, Ohio 
*Campbell-Kent, Cuyahoga Falls, Ohio 
*Carver, Fred S., Inc., Summit, N. J. 
*Clifton Hydraulic Press Co., Clifton, 
N. J. 


*Covema s.r. Milan, Italy 
*Custom Engineering Co., 


Indicates Advertiser 


Erie, Pa. 
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*Dake Daqemtion, 6 oe Haven, Mich. 
Daniels, T. Ltd., Stroud, 
Gloucestershire E England 
*Danly Machine Specialties, Inc., Chi- 
cago 51, Ill. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Deng & Boschert Press Co., Inc., 
yracuse 2, N. Y. 
Elmes/King Div., American Steel Foun- 
dries, Cincinnati 29, Ohio 
*Erie Engine & Mfg. Co., Erie, Pa. 
*Erie Foundry Co., Erie, Pa. 
ro Equipment Co., New Brighton, 


Weainil Machine Co., Bridgeton, N. J. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 
oe Stanley H., Co., Chicago $1, 


*Johnson Machinery Co., Elizabeth, N. J. 
*Karlton Machinery Corp., Chicago, Ill. 
la ~ id Machinery Corp., Buffalo 17, 


iin C. A., Co., The, De Pere, Wis. 
Lempco Industrial, Inc., Bedford, Ohio 
Lodge & Shipley Co., The, Cincinnati 
25, Ohio 
*Logan Hydraulics, Inc., Chicago 30, Ill. 
*M & N Modern Hydraulic Press Co., 
Inc., Clifton, N. J. 
ie Laminating Corp., Vauxhall, 


Ree ae Corp., Div. of Ran- 
dall , Inc., New York 59 
N. Y. 
*Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N. J 
*Roehlen | atin Works, 
*Shaw, Francis, & Co., Ltd., Manchester 
11, England 
Sheridan-Gray, Inc., Torrance, Calif. 
Siempelkamp, G., & Co., Krefeld, West 
Germany 
*Sta-Warm Electric Co., Ravenna, Ohio 
Symons, Ralph B., Associates, Inc., 
Tiverton, R. I. 
Taccone Corp., North East, Pa. 
*Thermel, Inc., Franklin Park, Il. 
Verduin, John, Machine Corp., Paterson 


Rochester 


Willson Camera Co., Havertown, Pa. 
*Wood, R. D., Co., Philadelphia 5, Pa. 


POLISHING MACHINES 
Chica ». Pneumatic Tool Co., New 


Yor . A 

Clair Mig’ Co. Inc., Olean, N. Y. 

Foredom Electric Co., Inc., Bethel, 
Conn, 

Kramer, H. W., Co., 


Hill 18, N. Y. 
*Lupoline Automatic Polishing Equip- 
ment Corp., Bronx 70, N. Y. 
a Instrument Co., Cambridge 38, 
ass. 
Ransohoff Co., Hamilton, Ohio 
Sommer & Maca Glass Machinery Co., 
Chicago 50, Ill. 
*Supersonic Blast, Inc., Div. of Ameri- 


can Technical Machine sry Corp., Mt. 
Vernon, N. Y. 


Inc., Richmond 


POLYETHYLENE TREATERS FOR 
PRINTING 


Aetna Electronics Corp., North Branch, 
N. J. 
Al-Be Industries, South Gate, Calif. 


We todsde HY re 


Miskella™ Infra-Red The, 
Cleveland 4, Ohio 
* Modern Sa Machinery Corp., Clif- 
ton, N 
Process ui t Corp., Film Div., 
any TL 
*Reeve Electronics, Inc., Chicago 6, Ill. 
*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, N. J. 


PREFORMERS 


A. Fibrous Glass 
B. Other Fibrous Materials 
C. Granular or Powder Materials 


Aust & Schiittler u. Co., Dusseldorf 
West Germany (A) 
*B. I. P. Engineering, Ltd., Sutton Cold- 
id, Warwickshire, ngland (A, C) 
Baldwin-Lima-Hamilton Corp., Indus- 
trial Equipment Div., Philadelphia 
42, Pa. (C) 
*Bonnot Co., The, Canton, Ohio (A, B, C) 
Brenner, I. G., Co., Newark, Ohio (A) 
Colton, Arthur, Co., Div. of Snyder 
Corp., Detroit 7, Mich. (C) 


Daniels, T. H. & J. Ltd., Stroud, Glouces- 
tershire, England (C) 


*Erie Engine & Mfg. Co., Erie, Pa. (A) 
*Finn & Fram, Inc., Sun Valley, = 


) 

Haller, Inc., Northville, Mich. (C) 
* Hochman Plastics Machinery Corp 

Newark 2, N. J. (A, B, ie 

*Lawton, C. A., Co., The, DePere, wal 


*Logan Hydraulics, Inc., Chicago 7 * 
Stokes, F. J., Corp., Philadelphia 20, 
Pa (C) 


Symons, Ralph B., Associates, Inc., 
Tiverton, R. I. (A, B, C) 
Turner Machine Co., Inc., Danbury, 
nn. 


> 


PREPLASTICATING UNITS 


* Akron Extruders, Akron 14, Ohio 
ae Corp. of America, Chicago 
* Battenfeld Meshieeat ine GmbH, 
Meinerzhagen/Westf., W. Germany 
*Bonnot, Co., The, Centon 2, Ohio 
Buss, Ltd., Basel, Switzerland 
Crown Machine & Tool Co., Fort 
Worth 7, Texas 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 
*Hydraulic Press Mfg. Co., The, A Div. 
of Koehring Co., Mount Gilead, Ohio 
*Johnson Machinery Co., Elizabeth, N. J. 
Machine Factory & Foundry, Ltd., Net- 
stal, Netstal, Switzerland 
Melt Extractor Mfg. Corp., New York 
67, N. Y. 
*Moslo Machinery Co., Cleveland 15, 
Ohio 
*National Rubber Machinery Co., Akron 
8, Ohio 
Peco Machinery Sales (Westminster), 
Ltd., London S.W.1, England 
Ross, Seymour, Corp., Hatboro, Pa. 
*Triulzi, A. Off., s.as., Milan, Italy 


(For complete addresses, see Alphabetical Index, p. 1179) 





*xTurner Machine y. tae Plastics Div., 
Leeds 1 


138, En 
*Watson-Stillman _ Div., Farrel- 
Birmingham Co., Inc., Rochester 10, 
N. Y. 


PRESS PLATES 
(Polished, etc.) 


Atlantic Mfg. Co., Philadelphia 22, on 
Baldwin-Lima-Hamilton Corp., 
trial Equipment Div., Philadelphia 


a. 
Birdsboro Corp., Birdsboro, Pa. 
— Hydraulic Press Co., Clifton, 


*Erie Foundry Co., Erie, P: 
Fabrite Metals Corp., Brooklyn, se: %. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
*Hochman Plastics Machin Corp., 
Newark 2, N. J. ais 
*Johnson Machinery Co., Elizabeth, N. 
a Corp., Huntington Park, 


Payne Tool & jSugiecsing Co., The, 
Springfield, Ohio 
Taccone Corp., North East, Pa. 


PRESS POLISHING MACHINES 


*Bolling, Stewart, & Co., 
land 27, Ohio 


*Clifton Hydraulic Press Co., Clifton, 
N. J. 


Inc., Cleve- 


*Erie Engine & Mfg. Co., Erie, Pa. 
*Erie Foundry Co., Erie, Pa. 


*French Oil Mill ‘Medhisery Co., The, 
Piqua, Ohio 


*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 


wae Machinery Corp., Chicago 11, 
Siempelkamp, G., & Co., Krefeld, West 


Germany 
Taccone Corp., North East, Pa. 


PRESSES 
(See Specific Types, e.g. Compression) 


PRINTING EQUIPMENT 


Flexographic 
Gravure 
Letterpress 
Offset 
Rotogravure 
Screen Process 
Miscellaneous 


*Acromark Co., The, Elizabeth 4, wT 
(G) 


Onmoae> 


*® Apex oes Co., College Point 56, 
N. (A, D, G) 
taker Perkins =e Ltd., London 
B, D, E) 

Be Mi Mark Com. Newark 7, N. J. (A, G) 
*Black-Clawson Co., The, Dilts Div. 
Fulton, N. Y. (A, D) 
Brooklyn Blower & Pipe Corp., Brook- 
lyn, N. Y. (G) 
*Conapac Corp., New York 3, N. Y. 
(A, E) 


*Cosom Corp., Minneapolis 16, Minn. 
(G) 


* Indicates Advertiser 


*Cozzone Marking Co., Newark, N. Jj 


Defiance Machine & Tool Co., St Louis 
, Mo. 
Dependable Com & Machine Co., 
Inc., New York 11, N. Y. (F) 
4 Frank W., & Co., Somerville, 
wy a (B, E) 
*Faeco Machine Co., Inc., Paterson, a 


*Finish Engineering Co., Inc., Erie, iF 
G & S Label Corp., New York 1, N. Y. 


General Research & Supply Co., G 
Rapids 3, Mich. 

Gottscho, Adolph, Inc., Hillside 5, Ni 
*Hamac Hansella Maschinen GmbH, 
Diisseldorf, West Germany (A) 
Hamilton Tool Co., The, Hamilton, 
Ohio (A, D, G) 
Industrial we 4 Equipment Co., Inc., 
Brooklyn 8, N. Y. (A) 
Inta Roto Machine Co., Richmond 3, 
Va. (A, G) 
International Eastern Co., New York 1, 
N. Y. (Cc, D 
*Kensol-Olsenmark, Inc., New York 13, 
N. Y. (G) 


*Kingsley Machine Co., Hollywood 38, 

Calif. (G) 
ag Printing Machine Co., St. i? 
oe | Machinery Corp., New York 16, 


star Machine Works, Inc., eur 
4, N. J. (A, E, G) 
*Liberty Machine Co., Inc., Paterson 4, 
N. J. (A, G) 
Markem Machine Co., Keene, N. H. 
(A, D, F) 
Miehle Co., The, Div. of Miehle-Goss- 
Dexter, Inc., Chicago 8, Ill. (D, G) 
*Mitsui & Co., Ltd., Tokyo, Japan 


Modern Engraving & Machine Co., Hill- 
side, N. J. (A) 


Monkley Corp., Worcester 8, Mass. (A) 
Moore, Kenneth J., & Co., Chicago 26, 
Ill. (A) 


Paper Converting Machine Co., Green 
Bay, Wis. (A) 


Potdevin Machine Co., Teterboro, a J. 
A) 

a i Co., Inc., The, Garden City, 
N. (F) 


Repro pe & Equipment Co., Inc., 
Linden, N. J. (A, D) 
Rutherford Machinery Co., Div. of Sun 
Chemical Corp., . Rutherford, N. . 


Shannon, Alexander J., Co., The, Fonds 

N. Y. (A, G) 
Skyline Industries, Titusville, Pa. (D) 
Sate Aen, Inc., New York 16, 


N. Y. (G) 
Swan Machine Co., New York 1, N.Y. 
A 


T & M Textile Mfg. Sales Corp., Brook- 
lyn 22, N. Y. (B, E) 
Thomson-National Press Co., Franklin, 
Mass. (D, G) 
Toko Machine Industry Co., Ltd., 
Tokyo, Japan (A, D, G) 
Web ~ Prem Corp., W. apewors 


ial Marking Systems, Inc., Mt. 
Prospect, Il. (G) 
Weiss, Albert, PR spin Co., Inc., 
Brooklyn 32, N. Y. (A) 

bag pnd ‘Converting Machinery 
Corp., Detroit 28, Mich, (A) 


MACHINERY AND EQUIPMENT 


PROPORTIONING, MIXING, 
METERING, AND DISPENSING 
SYSTEMS 


Airmatic Valve, Inc., Cleveland 9, Ohio 
*Akron Presform Mold Co., The, ‘Cuya- 
hoga Falls, Ohio 
* Automatic Process Control, Union, N. J. 
B. B. Chemical Co., Cambridge q 
Mass. 
*Baker Perkins (Exports), Ltd., London 
W.1, England 
Baldwin-Lima-Hamilton Cos 
trial Equip. Div., Philadelphia, Pa. 
*Binks Mfg. Co., Chicago 12, Ill. 
— Blower & Pipe Corp., Brooklyn, 
N 
Buss, Ltd., Basel, Switzerland 
Curlator Corp., East Rochester, N. Y. 
Dayco , The, Dayton, Ohio 
as ustries, Div. of Stuart Marine, 


Delson Corp., Glendale 4, Calif. 
Eco Engineering Co., Newark 1, N. J. 


*Exact Weight Scale Co., Columbus 15, 


Ohio 
*Flexible Products Co., Marietta, Ga. 
*Foremost Machine Builders, Inc., Living- 


ston, N. J. 
GPE Controls, Inc., Chicago 11, Ill. 
Gray Co., Inc., Minneapo is 13, Minn. 
Gump, B. F., Co., Chicago 50, Til. 
Gusmer, A., Inc., "Woodbridge, N. J. 


<tiehem, H. V., Co., Inc., Belleville 9, 


Indus- 


atta Con. Hatboro, P 
Jennings Engineering Philadelphia 
4, Pa. 


Mateer, G. Diehl, Co., Wayne, Pa. 
Mercury Industries, Inc., Hillsdale, 
N 


* ° 
Mercury Molding Machinery, Inc., 
Yonkers, N. Y 
*Mitchell Specialty Div., Novo Industrial 
Corp., Philadelphia 36, Pa. 
New Plastic Corp., Los Angeles 38, 
Calif. 


*Pyles Industries, Inc., Sub. of Kent-Moore 
Org., Inc., Detroit 41, Mich. 


Resin Systems Div., Fenwal, Inc., Ash- 
land, Mass. 


Richardson Scale Co., Clifton, N. J. 
*Specialty Products Co., Jersey City, N. J. 
Suffolk Associates, Inc., New York 16, 


Wallace & Tiernan, Inc., Belleville 9, 
N 


Weighing & Control Components, Inc., 
Hatboro, Pa. 

Weiss, Albert, ” Co., Inc., 
Brooklyn a2, N. Y. 

Williams, ane Co., Inc., Freeport, 
N. Y. 


Zenith Products Co., W. Newton 65, 
Mass. 


PULVERIZING MACHINES 


*Abbé, Paul O., Inc., Little Falls, N. J. 
eer” “en Pulverizer Co., St. Louis 10, 
Mo. 
Custom Machine & Design, Inc., Akron 
9, Ohio 
Daffin Mfg. Co., Lancaster, Pa. 
*Entoleter, Inc., Sub. of American Mfg. 
Co., Inc., New Haven, Conn. 
ast Machinery Corp., Brooklyn 15, 


*Foremost Machine Builders, Inc., Living- 
ston, N. J. 
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MACHINERY AND EQUIPMENT 


*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 

* Johnson Machinery Co., Elizabeth, N. J. 

a, 1 ee r, & Son, East Orange 


mi. Mill Machinery Co., Utica 1, 
N. Y. 


*Orment Mach. Co., Inc., New York 12, 
Pi ln Pulverizers Co., Inc., Hoboken, 


N. J, 
Patterson Foundry & Machinery Co., 
The, East Liverpool, Ohio 
Pulva Corp., Perth Amboy, N. J. 
Pulverizing Machinery Div., 
a areata Co., Ine., 
J 


Metals 
Summit, 


ee Co., Inc., The, Garden City, 
Ross, Charles, & Son Co., Brooklyn 5, 
N. Y. 
Sturtevant Mill Co., Boston 22, Mass. 


PUMPS 


A. Coolant 
B. Hydraulic 
C. Vacuum 


Abbe Engineering Co., New York 17, 
a (Cj 
Ph Pump Co., Allentown, Pa. (B) 


Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. (A, B, C) 
American Instrument Co., Inc., Silver 
Spring, Md. (A, C) 

* Application Engineering Corp., Frank- 
lin Park, I A 
Baldwin-Lima-Hamilton Corp., Indus- 
yg’, Equipment Div., Philadelphia 


Beckfield Rotary Soe Blower Co. 
Pittsburgh 22, (Cc) 


Berthelsen 4,2, Joliet, Ill. (B) 
Calmic Engineering Co., Ltd., Crewe, 
Englan (C) 
Central Scientific Co., Chicago, Ill, (C) 
Chicago Pneumatic Tool Co., New York 
i 2 (C) 
Chrom-O-Lite Co., The, Minneapolis 23, 
Minn. (B j 


*Consolidated Vacuum Corp., Rochester 
8, N. Y. 
*Covema s.r.1., Milan, Italy (B) 


Denison meas Div., American 
Brake Shoe Co., Columbus, Ohio (B) 


Devine, J. P., Mfg. Co., Pittsburgh 1, 
Pa. (C) 


Edwards High Vacuum, Inc., 
Falls, N. Y. 

Elmes/King Div., American Steel Foun- 
dries, Cincinnati 29, Ohio (B) 

*Farrel-Birmingham Co., Inc., 
Conn, 

*First Machinery Corp., 
N., Y. 


Niagara 
(C) 


Ansonia, 
Brooklyn 15, 
(C) 


Fisher Scientific Co., Pittsburgh, Pa. (C) 
*Flexible Products Co., Marietta, Ga. (B) 
*French Oil Mill Machinery Co., The, 

Piqua, Ohio (B) 

Gast Mfg. Corp., Benton Harbor, ws 


High Vacuum Equipment Corp., Hing- 
ham, Mass. Cc 


*Hochman Plastics Machinery Corp. 
Newark 2, N, J. (A, B C) 


*Hydraulic Press Mfg. Co., The, A Div. 
of Koehring Co., Mount Gilead, Ohio 
(B) 


% Indicates Advertiser 


i1is 


. an Steel Works, Ltd., The, Chiyoda- 


Tokyo, Ja (B) 
Hickam kyo, Japan Co., Elizal 


Vacuum Div., The New York ®) 


» Inc, N. J. 


(A, 
Leiman Bros., Inc., Newark 1, N. j. 
Linge Engineering Co., t. Louis 


(B 

Machine Factory & Foundry, Ltd., Net- 
stal, Netstal, Switzerla (B) 
Manton-Gaulin Mfg. Co., Inc., Everett 
49, Mass. (A, B) 


— Equipment Corp., Newton 61, 


(Cj 
Nek) Engineering Co., The, S. Nor- 
walk, Conn 
Nureco, aay Cranston 10, R. I. 
Oilgear Co., The, Milwaukee 4, Wis. (B 
Pennsylvania Pump & Compressor Co. 
Easton, Pa. A, 
Quincy Compressor Co., Quincy, Il. ( 
a Hyceeetice & Machinery, Ine. 
acin 
Standard 'wiosiste Mfg. Co., W. Berlin, 


N. J. “) 
#Stokes, F. J., Corp., Philadelphia 20, 


a. 
Symons, Ralph B., Associates, Inc., Tiv- 
erton, R. I. (B) 
*Triulzi, A. Off., s.a.s., Milan, Italy (B) 
Wallace & Tiernan, Inc., Belleville 9 


> 


N. J. 
*Werner & Pfleiderer, Stuttgart, West 
Germany ) 
Worthington Corp., Harrison, N. & 
C) 


PUNCH PRESSES 


Allen, Alva, Industries, Clinton, Mo. 
Baldwin-Lima-Hamilton Corp., Indus- 
a Equipment Div., Philadelphia 
, Pa. 
Bliss, E. W., Co., Canton 10, Ohio 
Clearing ¢. of U. S. Industries, Inc., 
Ca = , Il. 
Coo D.C. Co., Chicago 5, Til. 
*Danly “Machine Specialties, Inc., Chi- 
<a 51, Ill. 
Emhart Mfg. Co., Portland Div., Port- 
and, Conn. 
Famco Machine Co., Kenosha, Wis. 
Ferracute Machine Co., Brid eton, N. J. 
Lempco Industrial, Inc., Be ford, Ohio 
Portz ae Tienes & Fibre Co., Milwaukee 


Sitestione Machine Co., The, Bridge- 
port, Conn. 


*Triulzi, A. Off., s.a.s., Milan, Italy 
wae Allsteel Press Co., Chicago 19, 


*Williams-White & Co., Moline, Ill. 


PYROMETERS 
(See Instruments, p. 1123) 


ROLL LEAF AND HOT STAMPING 
PRESSES 


helenae Gould Co., Inc., Oceanside, 


*Acromark, Co., The, Elizabeth 4, N. J. 

* Admiral Coated Froducts, Inc., Hacken- 
sack, N. J. 

Shgas , ce Co., College Point 56, 


Bell-Mark Corp., Newark 7, N. J. 


*Danly Machine Specialties, Inc., Chi- 
cago 51, Ill 


Defiance Machine & Tool Co., St. Louis 


10, Mo. 
G & $ Label Corp., New York 1, New 
0 
Griffin, Comphel,, ae Walsh, Inc., 
New York 10, N 
Industrial Fa Vay Equipment Co., 
Inc., Brooklyn 8, N. Y. 
cet OE Inc., New York 18, 


singly Machine Co., Hollywood 38, 


*M & rg Modan, : Press Co., 
Inc., Clifton, N 
Markem Machine ., Keene, N. H. 
— James H., "& Co., Pittsburgh 
a 


as ig 1 Roll Leaf Co., Union City, 


Sonncs Steel Stamps, Inc., New York 
13, N. Y. 
Superior Roll Leaf Manufacturers, Inc., 
oboken, 
Swan Machine Co., New York 1, New 
York 


*Swift, M., & Sons, Inc., Hartford 1, 
Conn. 
Thomson-National Press Co., Franklin, 


Mass. 
Timadco, Inc., Mineola, N. Y. 
*Weber Hot Stamping Equipment Co., 
Chicago 13, Ill. 


ROLLS 


A. Calendering and Compounding 
B. Embossing 
C. Printing 


* Ackerman Gould Co., Inc., a 
ais Co., The, Elizabeth 4, N. & 
*Adamson United Co., Akron 4, on 

Allis-Chalmers Mfg. Co., Milwaukee 1 


Wis 
American ares & —— ws 
Kenilworth, N 


*Apex Machine Co., College Pont | 
N. Y. B. 


Bell-Mark Corp., Newark 7, 
Bethlehem Steel Co., Bethlcher, Pomme 
sylvania 
* Bolling, Stewart, & Co., Inc., cian 
27, Ohio (A) 
Butterworth, H. W., & Sons Co., Div. 
of Van Norman Industries, Inc. 
Bethayres, Pa. (B, C} 
Continental aay Co., Inc., New 
York 7, (A) 
*Cylinder a Co., Hawthorne, N. i 


Defiance Machine & Tool Co., St. Louis 
0, Mo. » 

*Faeco Machine Co., Inc., Paterson, NS 
(B, 


*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. (A) 
G & S Label Corp., New York 1, N. Y. 


Ate Maine & Mold, Inc., ne 


*Hochman Plastics Machinery 

Newark 2, N. J. (A, re) 

Hunt, Rodney, Machine Co., — 
Mass. 

Industrial Marking Equipment Co. 
Inc., Brooklyn 8, N. Y. (C) 

Roto Machine Co., somes 
a. 

International Engraving Corp., 
Grove, N. J. (A, B, ras 


(For complete addresses, see Alphabetical Index, p. 1179) 
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—— —_—s ~~ 


~~ OS re 


ce 


an Steel Works, Ltd., The, Chiyoda- 
a> Tokyo, Japan (A 

Johnson Machinery Co., Elizabeth, N. ifs 

*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany A, j 

Webs Machine Works, Inc., Petereon 
4,N 

*Lynch| Corp., Plastic Machinery Div. 
(Former Robbins Plastic Machinery 
Corp.), Elkhart, Ind. (B) 

Miller, Franklin P,, & Son, East Orange 


16, N. J. 

*Mitsui & Co., Ltd., Tokyo, Japan (B) 

Pamarco, Inc., Roselle, N. J. (A,B, C) 

Perkins, B. F., & Son, Inc., ae 
Mass. 


(A, B) 
Proctor & Schwartz, Inc., Philadelphia 
20, Pa. (A) 


*Progressive Machine Co., Inc., Paterson 
4, N. J. (B 


a i Alexander J., Co., The, roe 
. Fe > 

Mat Francis, & Co., Ltd., Manchester 
11, Engl land A 
Swan Machine Co., New York 1, N. Y. 
(A, B, C) 

Toko Machine Industry Co., Ltd., 
Tokyo, Japan (A, B, C) 
Tower Iron Works, Inc., Seekonk, urn 


Tyer Rubber Co., Andover, ie. Sc) 
Union Tool Corp., Warsaw, ind (A) 
Vv - Vlaanderen Machine Co., Paterson, 

N. J. (A, B) 
Verduin, John, Machine Corp., Paterson 
4.N. 


*Roehlen Engraving Works, Rochester 
N. Y. (B) 


W olverine Paper Converting Machinery 
Corp., Detroit 28, Mich. (C) 


ROTARY FINISHING MACHINES 


*Binks Mfg. Co., Chicago 12, Ill. 
Buss Machine Works, Inc., Holland, 
Mich. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
*Falls Engineerin f & Machine Co., The, 
Cuyahoga Falls, Ohio 
*Flexible Products Co., Marietta, Ga. 
Kramer, H. W., Co., Inc., Richmond 
Hill 18, A 


mi ieaty Machine Co., Inc., Paterson 4, 


N. J. 
Lord Chemical Co: = oe of Wheela- 
brator Corp., Yor 
Morse Mfg. Co., Inc., E. ;—— 1 Y. 
*Nash, J. M., Co., Inc., Oshkosh, Wis. 
Ransohoff Co., Hamilton, Ohio 


ROTATIONAL CASTING AND 
MOLDING MACHINES 


*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 

*Blue, E. B., Co., S. Norwalk, Conn. 

— Blower & Pipe Corp., Brooklyn, 


ree _Machinery Co., Inc., New 
York 7 x 

Mercury > Molding Machinery, Inc., 
Yonkers, N. Y. 

Suffolk Associates, Inc., 


New York 16, 
N. Y 


SCALES 
(See Instruments, p. 1123) 
* Indicates Advertiser 


SCREENING, SEPARATING, AND 
SIFTING MACHINES 


Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. 


+o. C, J., Co., Inc., Chicago 46, 


Carpco Mfg., Inc., | a ee 6, Fla. 

Cleveland Vibrator , The, Cleveland 
13, Ohio 

Colton, Arthur, Co., Div. of Snyder 
Corp., Detroit 7, Mich. 

Day, J. H., Co., The, Div. of The 
Cleveland Automatic Machine Co., 
Cincinnati 12, Ohio 

*Entoleter, Inc., Sub. of American Mfg. 
Co., Inc., New Haven, Conn. 
—_ steiiny Corp., Brooklyn 15, 


*Foremost Machine Builders, Inc., Liv- 
ingston, N. J. 
Gump, B. F., Co., Chicago 50, Ill. 
Japan Steel Works, Ltd., The, Chiyoda- 
u, Tokyo, Japan 
*Lupoline Automatic Fomyhiag Equip- 
ment Corp., Bronx 70, N. Y 
Munson Mill "Machinery Co., Utica 1, 
N. Y. 


Novo Div., Novo Industrial Corp., Chi- 
cago Til. 
— Pulverizers Co., Inc., Hoboken, 


Sulieies Foundry and Jinshan Co., 
The, E. Liverpool, Ohi 

Perforated Products, en ” Brookline 46, 
Mass, 

Rampe Mfg. Co., Cleveland 10, Ohio 

Sherwatt a ee & Mfg. Co., Inc., 
New Yor 

Simon-Carter Co., 
Minn. 

Sprout, Waldron & Co., Inc., Muncy, 


Minneapolis 18, 


a. 
Sturtevant Mill Co., Boston 22, Mass. 
Syntron Co., Homer City, Pa 


*Werner & Pfleiderer, Stuttgart, West 
Germany 


SHEET FABRICATING MACHINES 


Air-O-Flow Industries, Inc., Div. of 
Durable Industries, Inc., New York 
13, N. Y. 

Amsco Packaging Machinery, Inc., Long 
Island City 1, N. Y. 

*Battenfeld Maschinenfabriken GmbH, 
Meinerzhagen/Westf., West Ger- 


many 
Beck, Charles, Machine Corp., King of 
ssia, Pa. 
Borkland Laboratories, Marion, Ind. 
a Industries, Inc., Franklin Park, 


*Conapac Corp., New York 3, N. Y. 
*D oe Plastic Welders, Inc., Hazard- 
ville 


Conn 
Emhart Mfg. Co., Hudson, N. Y. 


*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio 


Famco Machine Co., Kenosha, Wis. 
*Getty Machine & Mold, Inc., Clifton, 
N. J. 


Kamlar Products Co., Norwood, Mass. 
Laramy Products Co., Cohasset, Mass. 
*Lynch Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart, Ind. 

Mereen Johnson Machine Co., Min- 
neapolis 12, Minn. 

Samafor, La Courneuve, Seine, France 

Taber Instrument Corp., N. Tona- 
wanda, N. Y. 


MACHINERY AND EQUIPMENT 


*Tronomatic . ae Mfg. Corp., New 
York 54, 
*Zimmer ae GmbH, 


Offenbach/ 
Main, West Germany 


SHEET FORMING MACHINES 


A. Pressure, Air 

B. Pressure, Mechanical 

C. Vacuum 

D. Combination of Pressure 
and Vacuum 


An Plastic Machine Corp., sie 
6, Il. (A, B, C, D) 
sane Machinery & Mfg. = inc., 
Yonkers, N. Y. (C) 
Air-O-Flow Industries, Inc., Div. 
Durable Industries, Inc., "New York 
13, N. Y. (A, B, C, D) 
*Atlas Vac-Machine Corp., Rarkot. 17, 
N. Y. (A, C, D) 
*Auto-Vac Co., Div. of National Cleve- 
land Corp., Bridgeport 6, yew D) 
Baker Perkins Granbull, Ltd., Kingston- 
on-Thames, Surrey, England 
(A, B, C, D) 
Baumann, Franz, & Co., Zurich 1, 
Switzerland (A, D) 
Borkland Laboratories, Mania, | w = p) 
Brown Machine Co., montane Mich. 
C, D) 
*Comet Industries, Inc., — a=: 
ill. C, D) 
*Conapac Corp., New York io 'N. : ? 


(C, D) 
*Covema s.r.l., pptien, Italy (A, B,C, D 
Daniels, T. & j., Ltd., Stroud, 
DE A England (Cc, D) 
*Danly Machine Specialties, Inc., Chi- 
cago 51, Ill. (B) 
*Danson, Barnett J., & Asoeivaes. 1 Ltd., 
Toronto 12, Ont., Canada (A. ¢ . D) 
Dai ¥ Center, Inc., Long Island City 


(A, B, D) 
Sun Valley, Calif 


Emhart Mfg. Co., Portland Div., Port- 
land, Conn. A) 
Erdco ‘Engineering Corp., oy Til. 
,D 
Ertone Byviguent Corp., New York 12, 
Falge Engineering Corp., Bethesda 14, 
Md. (A, B, D) 
Formvac (Former peda | Ltd.), 
Zurich, Switzerland . C, D) 
*Hochman Plastics Brg 
Newark 2, N. J. ia, C.D} 
J M C Co., Newark 5, N. J. (A, B) 
— Machinery Co., Ts 
(C 


Emery, Vern, Co., 


ah Equicment Co., Chicago 6, Til. 
(C, D) 


aie | Machine Co., Inc., Paterson 4, 

Feb: ‘e Co., Ltd., Tokyo, Japan 
a a Mach. Co., Inc., New York 12, 
» 2 (A) 
Paci Metal Fabricators, Chicago 8 
Pacific Plastic Machinery, a, Neos 0 
23, Il. CD) 
Packagin 
clair, ; 
Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. (C, D) 

*Plast-O-Craft Co., Inc,, Newark, N. J. 
(C, D) 


Industries Ltd., oe ‘Mon 





r 


MACHINERY AND EQUIPMENT 


Precision Products Co., Inc., Paterson, 
N, C) 


J. 
Product Packa Engineering, Culver 
City, Calif. ms : (C) 
* Producto Motiins Co., The, ay 
port, (A, 
a ey Inc., The, Garden — 


Y 
Sawaya Mfg. Co., Inc., tring ¢ Colo. 


Tayklo Co., Ltd., The, Galt, Ont. (C) 
Thermomat Co., Inc., Trenton 8, N. 


*Triulzi, A. Off., s.a.s., Milan, — D 


*Tronomatic Machine Mfg. ata 
York 54, N. Y. 
Zack Radiant Heat Co., Poonis, %. & 


SILK SCREENING EQUIPMENT 


Beltran Associates, Inc., Brooklyn 10, 

N. Y. 
*Finish Engineering Co., Inc., Erie, Pa. 

General Research & Supply Co., Grand 
Rapids 3, Mich. 

Markem Machine Co., Keene, N. H. 

Miskella Infra-Red Co., Inc., The, 
Cleveland 4, Ohio 

Screen-O-Printer Mfg. Co., Adams, 


Mass. 
Simon-Carter Co., Minneapolis, Minn. 
Wallace, L. R., & Co., Pasadena 1, 


Calif. 
Whitaker, Douglas C., Co., Glendside, 
Pa, 


SUTTING MACHINES 


Abbots Plastic Machine Corp., Chicago 


Ill. 
Al- Be Industries, South Gate, Calif. 
*Appleton Machine Co., Doven Div., 
Appleton, Wis. 
SGeqetts Corp. of America, Chicago 13, 


Beck, Charles, Machine Corp., King of 
Prussia, Pa. 
*Black-Clawson Co., The, Dilts Div., 
Fulton, N. Y. 
Bliss, E. Ww. Co., Canton 10, Ohio 
Buss Machine Works, Inc., Holland, 
Mich, 
*Cameron Machine Co., Dover, N, J. 
*Campbell-Kent, Cuyahoga Falls, Ohio 
a Industries, Inc., Franklin Park, 
Ii. 


*Conapac Corp., New York 3, N. Y. 

*Cumberland Engineering Co., Inc., 
Providence 1, R. I. 

*Dusenbery, John, Co., Inc., Clifton, N. J. 
Eastman Machine Co., Buffalo 3, N. Y. 
Essex Plastic Machinery Co., Inc., 

Beverly, Mass. 
G & S Label Corp., New York 1, N. Y. 

*Hobbs Mfg. Co., Worcester 5, Mass. 

* Hochman Plastics Machinery Corp., 

Newark 2, N. J. 

Industrial Vibrator & Machinery Co., 
San Francisco, 

a Roto Machine Co., Richmond 3, 


Japan Steel Works, Ltd., The, Chiyoda- 

u, Tokyo, Japan 

Johnstone Engineering & Machine Co., 
Parkesburg, Pa 


*Judelshon, Oscar L., Inc., Jersey City 6, 
N 


*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany 


% Indicates Acivertiser 


Lever Mfg. Co., Inc., New York 1, New 
York 


“ay Machine Co., Inc., Paterson 4, 


‘i Comp, Plastic Machinery Div. 

ormerly Robbins Plastic Machinery 

Corp.), Elkhart, Ind. 

oe, H., Co., Inc., New York, New 
or 

Mereen canme | Machine Co., Minne- 
apolis 12, 

Pose Metal Fabricators, Chicago 8, 


se Machinery, Inc., Chicago 


r quewting Machine Co., Green 
y, 
*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West German 
ne Machine Co., Inc., New York 


mf 
Shannon, Mesnder 1. fay The 
Fonda, N. 
Skil Corp., Chines 30, Il. 
Stanford Engineerin Co., Salem, Ill 
ome sont Co., ry) York 1, New 
or 
T & M1 M Teste 5 Mie. Sales Corp., Brook- 
lyn 22 
*Taylor, AS . Co., Riegelsville, N. J. 
Turner Tanning Machinery Co., 
Peabody, Mass. 
he Machine Co., New York 13, 


*Waldron-Hartig Div., 


Midland-Ross 
Corp., New Brunswick, 5. 


SLUSH MOLDING MACHINES 


*Blue, E. B., Co., So. Norwalk, Conn. 
Beehive Blower & Pipe Corp., Brooklyn, 


Mercury ae Machinery, Inc., 
Yonkers, N. Y 


— Associates, Inc., New York 16, 


SPRAYUP EQUIPMENT 
FOR FOAM 


Chrom-O-Lite Co., Minneapolis, Minn. 


Decker Industries, Div. of Stuart Marine, 
Stuart, Fla. 


*DeVilbiss Co., The, Toledo 1, Ohio 
*Flexible Products Co., Marietta, Ga. 


a Specialty Div., Novo Industrial 
iladelphia 36, Pa. 


Plastic. "Engineering & Chemical Co., 
Fort Lauderdale, Fla. 


*Pyles Industries, Inc., Sub. of Kent- 
Moore Org., Inc., Detroit 41, Mich. 
*Spray-Bilt, Inc., Hialeah, Fla. 


SPRAYUP EQUIPMENT FOR 
REINFORCED PLASTICS 


A. Complete Systems 
B. Glass Breakers (Choppers) 
C. Resin Guns 


Aust & Schiittler u. Co., Dusseldorf 
West Germany (A, B, C) 


*Binks Mfg. Co., Chicago 12, Ill. (C) 
Brenner, I. G., Co., Newark, Ohio (B) 


Chrom-O-Lite Co., The, Minneapolis 23, 
Minn. (A, C) 

Decker Industries, Div. of Stuart Marine, 
Stuart, 


( 
*DeVilbiss Co., The, Toledo 1, Ohio (C) 


Fiberlay, Inc., Seattle 9, Wash. 
#Finn & Fram, Inc., Sun Valley cal 


*Flexible Products Co., Mectetle” &. 
Hupp Engineering Associates, rae 


*Mitchell Specialty Div., ‘~ * nha! 
trial Corp., Philadelphia, P. 
mh. Airbrush Co., Chicago, 
*Peterson Products, Belmont, 


~~ S ra 


For Laulordale: Fla. (A B ao 
Pyles Industries, Inc., Sub. of Kent-Moors 


a Inc., jas. Dent A,B — “es veld 


10, Ohio 
Sawaya Mfg. Co., Inc., Tana, cay 


*SealZit Co. of America, Riverside, B 


(A, B, C) 
ty Inc., Hialeah, Fla. a 
ri-Kris Co., Lansdale, Pa. 


STATIC ELIMINATORS 


Crest Mfg. Co., Inc., Cambridge 39, 
ass. 
Herbert Products, Inc., Woodhaven 21, 


N. Y. 
Portland Co., The, Portland, Maine 
*Simco Co., The, Lansdale, Pa. 


*Statikil, Inc., Cleveland 13, Ohio 
H., Co., Inc., New 


¥i 
United States Radium Corp., Morris- 
town, N. 


STRETCHING EQUIPMENT 


Al-Be Industries, South Gate, Calif. 
— Machinery Corp., Cedar Grove, 


ACetty, Machine & Mold, Inc., Clifton, 


Japan Steel ng = Ltd., The, Chiyoda- 
Tokyo, 


me sy Te Corp., Providence 


ey ier Machinery Co., Akron 


Tower a Works, Inc., Seekonk, Mass. 
*Waldron-Hartig Div., Midland-Ross 


Corp., New Brunswick, N. 
wert & Jerauld Mfg. Co., Srovtidened 


TABLES, ELEVATING 


*Adamson United Co., Akron 4, Ohio 

*Bolling, Stewart, & Co., Inc., Cleve- 
land 7, Ohio 

Clark-Aiken Co., The, Lee, Mass. 

— Hydraulic Press Co., Clifton, 


cepeny Engineering Co., Chicago 24, 
*xErie Engine & Mfg. Co., Erie, Pa. 
*Farrel-Birmingham Co., Inc., Ansonia, 

Conn. 
*French Oil Mill Machinery Co., The, 
Piqua, O) 
a. Tool Co., The, Hamilton, 
oO 

Lewis-Shepard Products, Inc., Water- 

town 72, Mass. 

Mesouy Industries, Inc., Hillsdale. 


Teceoes Corp., North East, Pa. 


1120 (For complete addresses, see Alphabetical Index, p. 1179) 





TAKE-OFF EQUIPMENT 


(Includes Spooling Machines For 
Extrusion and Winding, Unwinding, 
and Rewinding Equipment) 


*xAcme Machinery & Mfg. Co., Inc., 
Yonkers, i 

* Adamson United Co., Akron 4, Ohio 

Al-Be Industries, South Gate, Calif. 
Associated Equipment Corp., Bellevue, 


Wash. 

*Baker a a (Exports), Ltd., London 
W.1 

*Batte Med Maschinenfabriken GmbH, 
Meinerzhagen/Westf., West Germany 

*Beringer, C. J., Co., Inc., Chicago 46, 
Ill. 


*Black-Clawson Co., The, Dilts Div., 
Fulton, N. 
Black-Clawson Co., The, Hale & Kull- 
gren Plastics Dept. Akron 10, Ohio 
Blue M Electric Co., Blue Island, Il. 
Brown Machine Co., Beaverton, Mich. 
Continental Machinery Co., inc., New 
York 7, N. Y. 
*Covema s.r.l., Milan, Italy 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
*Davis-Standard Div., Franklin Research 
& Davemepent Corp., Mystic, Conn. 
*Dusenbery, John, Co., Inc., Clifton, N. J. 
#Egan, Frank W., & Co., Somerville, N. J. 
Emery, Vern, Co., Sun Valley, Calif. 
Entwistle Mfg. Corp., Providence 7, R. I. 
Essex Plastic Machinery Co., Inc., Bev- 
erly, Mass. 
*Faeco Machine Co., Inc., Paterson, N. J. 
*Farris Universal Machine Corp., Pali- 
sades Park, N. J. 
*Foster & Allen, Inc., Chatham, N. J. 
G & S Label Corp., New York 1, N. Y. 
*Getty Machine & Mold, Inc., Clifton, 
N. J. 


*Goulding Mfg. Co., Saginaw, Mich. 

H & T Machine Works, Houston, Texas 
Hale & Kullgren, Inc., Akron, Ohio 

*Hobbs Mfg. Co., Worcester 5, Mass. 

*Industrial Ovens, Inc., Cleveland 11, 
Ohio 

Inta Roto Machine Co., Richmond 3, Va. 
Island ry Cop. Miami 38, Fla. 
] M C Co., Newark 5, N. J. 

Jepan Steel Works, Ltd., ‘The, Chiyoda- 

u, Tokyo, Japan 


sa Mfg. Co., Inc., Chippewa Falls, 


Nis. 


sient Engineering & Machine Co., 
Parkesburg, Pa. 


*Judelshon, Oscar I., Inc., Jersey City 6, 


N. J. 

Kato Seishakusho Co., Ltd., Tokyo, Japan 
*Killion Tool & Mfg. Co., Verona, N. J. 
*Kleinewefers, Joh., Séhne, Krefeld, West 


Germany 


Lavorazione Materie Plastiche, S. A. S., 
Torino, Italy 

Lee Machinery Corp., New York 10, 
N. 

annie Machine Works, Inc., Paterson 4, 
N. 


Paterson 4, 


Inc., Cleveland 9, 


*Liberty Machine Co., Ine., 


J. 
Litzler, C. A., Co., 
Ohio 
*Lynch Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machinery 
Corp.), Elkhart, Ind. 
*Marshall & Williams Corp., Providence 


> & 
*Mitsui & Co., Ltd., Tokyo, Japan 


“Modern Plastic "Machinery Corp., Clifton, 


Mot Giuseppe, Milan, Italy 
Monkley Corp., Worcester 8, Mass. 


* Indicates Advertiser 


Mount Hope Machinery Co., Taunton, 
Mass 


*National Spee Machinery Co., Akron 


*Negri Bossi & C., Milan, Italy 


Oerlikon Plastics, Ltd. Stans/N.W., 


Switzerland 
oo Tool & Machine Co., Newark 
N 


Paper Ganeting Machine Co., 
Bay, W 

Photobell Co., Inc., New York 7, 7. 

Plastic Fabricants, Div. of The Woodenaa 
Co., Inc., Decatur, Ga. 

Plastimaster Co., Houston 16, Texas 

Proctor & Schwartz, Inc., Philadelphia 20, 


Pa. 
*Prodex Corp., Fords, N. J. 
* Progressive Machine Co., 
4,N. 


*Rainville Co 


Green 


Inc., Paterson 
, Inc., The, Garden City, 


*Reifenhauser Plastics Machinery Co., 
Troisdorf, Bez-Kéln, West Germany 

*Reliable Rubber & OE Machinery Co., 
Inc., N. Bergen, N. 

Rotobond, Inc., Bond? Brook, N. f: 

Ruf Machine Co., Inc., New York 28, 


Samafor, La Courneuve, Seine, France 

Sealol, Inc., Providence 5, R. I. 

*Servospeed Div., Electro-Devices, Inc., 
Paterson, N. }. 

Shannon, Alexander J., Co., The, Fonda, 
N. Y. 


Stanford Engineering Co., Salem, IIl. 
*Sterling Extruder Corp., Linden, N. 
T & M Textile Mfg. Sales Corp., Brook- 
Ivn 22, N. Y. 
*Tronomatic Machine Mfg. Corp., New 
York 54, N. Y. 
be Vlaanderen Machine Co., Paterson, 
N, J. 
Verduin, John, Machine Corp., Paterson 
N. 


w. & A Machine Co., New York, N. Y. 
*W aldron-Hartig Div.,  Midland-Ross 
Corp., New Brunswick, N. J. 
Wallace L. R., & Co., Pasadena 1, Calif. 
Web Controls Corp., W. Englewood, 


N. J. 
*Windsor, R. H., Ltd., Chessington, Eng- 
land 


TENTERING EQUIPMENT 


Al-Be Industries, South Gate, Calif. 
Bruckner Machinery Corp., Cedar Grove, 


N. J. 
*Getty Machine & Mold, Inc., Clifton, 


N. J. 

Japan Steel he nd Ltd., The, Chiyoda- 
u, Toye, wi 
*Marshall & val Corp., Providence 

i ie 
*National Rubber Machinery Co., Akron 

8, Ohio 
Tower Iron Works, Inc., Seekonk, Mass. 
*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, N. J. 
Winsor & Jerauld Mfg. Co., Providence 

§ 2.1 


TESTING APPARATUS 
(See Instruments, p. 1123) 


TRANSFER MOLDING PRESSES 


*Adamson United Co., Akron 4, Ohio 
Ames Plastic Machinery Corp., Rego 
Park 74, N. Y. 
*Atlas Hydraulics Div., Delaware Valley 
Mfg. Co., Inc., Philadelphia 34, Pa. 
Automold Co., Sub. of W: Bros. ‘Inc., 
W. Los Angeles 64, Cali 


MACHINERY AND EQUIPMENT 


*B.1.P. Engineering, Ltd., Sutton Cold- 
eld, ickshire, England 
Baker Bros., Inc., Toledo 10, Ohio 
Baldwin-Lima-Hamilton Corp. ., Indus- 
trial Eggs Div., Philadelphia 


*Battenfeld Maschinenfabriken GmbH, 
Meinerzhagen/Westf., W. Germany 
*Bolling, Stewart, & Co., Inc., Cleve- 

lan "27, Ohio 

Clearing Div. of US. Industries, Inc., 
Chicago 

*Clifton Vydraulic Press Co., ‘Clifton, 


*Covema s.r.l., Milan, Italy 
Custom Machine & Design, Inc., 
Akron 9, Ohio 
*Dake Corp., Grand Haven, Mich. 
Daniels, H J., Ltd., Stroud, 
G ae AE England 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Dunning & Boschert Press Co., Inc., 
The, Syracuse 2, N. Y. 
Elmes/King Div., American Steel Foun- 
dries, Cincinnati 29, Ohio 
*Erie Engine & Mfg. Co., Erie, Pa. 
*Erie Foundry Co., Erie, Pa. 
Rrines Equipment Corp., New York 
12, N. Y. 
*Farrel- Selita Co., Inc., Ansonia, 
Conn. 
Ferracute Machine Co., Bridgeton, New 
Jersey 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, IIl. 
*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 
*Hull Corp., Hatboro, Pa. 
*Hydraulic Press Mfg. Co., The, A Div. 
‘of Koehring Co., Mount Gilead, Ohio 
*Improved Machinery, Inc., Nashua, 
N. H. 
Machinery Co., 


Elizabeth, 


* Johnson 
N., J. 

WKaspen Machinery Corp., Chicago 11, 
Ill. 


*Lawton, C. A., Co., The, De Pere, 
Wisconsin 


Lempco Industrial, Inc., Bedford, Ohio 
*Logan Hydraulics, Inc., ‘Chicago 30, Ill. 
Machine Factory & Found Ltd., Net- 
stal, Netstal, Switzerl land’ 
Pasadena Hydraulics, Inc., El Monte, 


a 5 Hydraulic, Inc., 
, Minn. 


wstakes, F. J., Corp., Philadelphia 20, 


‘a. 
Symons, Ralph B., Associates, Inc., 
Tiverton, R. I. 
Taccone Corp., North East, Pa. 
*Triulzi, A., Off., s.a.s., Milan, Italy 
we Allsteel Press Co., Chicago 19, 


Minneapolis 


Wabash Metal Products Co., Inc., 
Wabash, Ind. 


*Watson-Stillman Press Div., Farrel- 
ne Co., Inc., Rochester 10, 
im 2 


aadicnnsinies & Co., Moline, Il. 
*Wood, R. D., Co., Philadelphia 5, Pa. 


TRAPS, STEAM 


Armstrong Machine Works, Three 
Rivers, Mich. 
Perfecting Service Co., Charlotte 6, 


Powers Regulator Co., The, Skokie, Il. 
*Sarco Co., Inc., New "York 22, N. Y. 
Yarnall-Waring Philadelphia, Pa. 
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MACHINERY AND EQUIPMENT 


TUBE ROLLING MACHINES 


Borkland Laboratories, Marion, Ind. 

*Faeco Machine Co., Inc., Paterson, 
N. J. 

*Liberty Machine Co., Inc., Paterson 4, 
N. J. 

Van Vlaanderen Machine Co., Paterson, 

Wilson, Thomas C., Inc., Long Island 

City 1, N. Y. 


TUMBLING MACHINES 


Abbe Engineering Co., New York, N. Y. 
*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y 
*Alsteele Engineering 

Framingham, Mass. 
*Ball & Jewell, Inc., Brooklyn 22, N. Y. 
Crown Machinery, Inc., Los Angeles 
11, Calif. 
*Despatch Oven Co., Minneapolis 14, 
Minn, 
Ferry Machine Co., Kent, Ohio 
General M “a4 Co. of New Jersey, 
Newark 12, 

Hanson-Van W Nable- Munning Co., Mat- 
awan, N. J. 
*Hochman Plastics 

Newark 2, N. J. 
* Injection Molders Supply Co., Cleve- 
land 28, Ohio 
Kramer, H. W., Co., 
Hill 18, N. ‘4 
Lord Chemical Corp., Sub. of Wheela- 
brator Corp., York. Pa. 
*Lupoline Automatic Polishing Equip- 
ment Corp., Bronx 70, N. Y. 
Patterson Foundry & Machine Co., 
The, East Live 1, Ohio 
Patterson-Kelley . Inc., The, E. 
Stroudsburg, Pa. 
Rainco Mfg., Inc., Franklin, Pa. 
Ransohoff &%,. Hamilton, Ohio 
Siebert, R. R.. Co., The, Rochester 4, 


N. Y. 
Suffolk Associates, Inc., New York 16, 


Stamford, Conn. 
*U. S. Stoneware Co., The, Tallmadge, 
Ohio 


Wheelabrator Corp., Mishawaka, Ind. 


Works, Inc., 


Machinery Corp., 


Inc., Richmond 


N. Y. 
Tumb-L-Matic, Inc., 


ULTRASONIC CLEANING 
EQUIPMENT 


Beltran Associates, Inc., Brooklyn 10, 


N, Y. 

Bendix Corp., The, Pioneer-Central Div., 
Davenport, Iowa 

Branson Ultrasonic Corp., Stamford, 
Conn. 

Cooper, D. C., Co., Chicago 5, Ill. 

Hermes-Sonic Corp., New York 3, N. Y. 

Metalwash Machinery Corp., Elizabeth, 
N. J 


Pall Corp., Glen Cove, N. Y. 

Ramco Equipment Corp., Div. of Ran- 
dall Mf Co., Inc., New York 59, N. Y. 

Ransohoff Co., Hamilton, Ohio 


ULTRASONIC SEALING MACHINES 


Aeroprojects, Inc., West Chester, Pa. 
Gulton Industries, Inc., Metuchen, N. J. 
— Ultrasonics, Inc., Cranford, 


* Indicates Advertiser 
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*Mayflower Electronic Devices, Inc., Little 
Ferry, N. J. 
Powertron Ultrasonics 
City, N. Y. 
Raytheon Mfg. Co., Waltham 54, Mass. 
—— Sonic Seal, Inc., New York 16, 
i. oe 


Corp., Garden 


Ultrasonic Industries, Inc., Plainview, 


N. 


USED AND REBUILT MACHINES 


Abbott Machinery Co., Union City, 
N. J. 

*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. 

*Adco Engineering & Mfg. Co., Inc., 
Chicago 14, ti 

Albert, P. E., & Son, Trenton 3, N. J. 

* Bolling, Stewart, & Co., Inc., Cleve- 
land 27, Ohio 


Crown Machinery, Inc., 

11, Calif. 

*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 

*Erie Engine & Mfg. Co., Erie, Pa. 

*Falls Engineering & Machine Co., The, 
Cuyahoga Falls, Ohio 

*First Machinery Corp., B’klyn, N. Y. 

*Guild Electronics, Bee Dynatherm 
Div., New York 13, N. Y. 


*Hochman Plastics 
Newark 2, N. J. 


Machinery Co., 


Los Angeles 


Rs Corp., 
Elizabeth, 


* Johnson 
*Olympia Tool & Machine Co., Newark 
J. 


Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 


Plastic Machinery Exchange, Boonton, 
N. J 


Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N. J. 


Ross, Charles, & Son Co., Brooklyn 5, 
N. Y. 


Sherman Rubber Co., Div. of Botwinik 
Bros. of Mass., Inc., Worcester, Mass. 


*Thermatron Co., The, Div. of Willcox 
& Gibbs sone Machine Co., New 
York 18, N. 


Verduin, 1 ah Machine Corp., Pater- 
son 4, J. 


We Controls Corp., W. Englewood, 


VACUUM FORMING MACHINES 
(See Sheet Forming Machines) 


VACUUM METALLIZING 
EQUIPMENT 


SConceigne Vacuum Corp., Rochester 
. oe we 


-—. Process Co., Inc., Brooklyn 22, 

 < 

Edwards High Vacuum, Inc., Niagara 
Falls, N. Y. 


High Vacuum Equipment Corp., Hing- 
am, Mass. 
*Hull Corp., Hatboro, Pa. 
Kin Vaounm Dis Div., The New York Air 
Brake Co., Boston 30, Mass. 
ve Machinery Corp., Elizabeth, 


*NRC Equipment Corp., Newton 61, 
Mass. 

*Stokes, F. J., Corp., Philadelphia 20, 
Penna. 


—~ Metalizing Corp., Hollis 23, 


Vacuum Specialties Co., Inc., Somer. 


ville 43, Mass. 


VACUUM PLATING HOLDING 
RACKS 


*Finish Engineering Co., 
Seal Cast Co., 


Pennsy lvania 


Inc., Erie, Pa, 
Inc., Philadelphia 25, 


VIBRATORS 


—— Associates, Inc., Brooklyn 10, 


Cleveland Vibrator Co., The, Cleveland 
13, Ohio 


*Exact Weight Scale Co., Columbus 15, 


Ohio 
Gump, B. F., Co., Chicago 50, Ill. 
Lord Chemical Corp., Sub. of Wheela- 
brator Corp., York, Pa. 
Miskella Infra-Red Co., Inc., The, 
Cleveland 4, Ohio 
Pangborn Corp., Hagerstown, Md. 
Syntron Co., Homer City, Pa. 


WASHING MACHINES 
(Flat Sheets) 


*DeVilbiss Co., The, Toledo 1, Ohio 
Sommer & Maca Glass Machinery Co., 
Chicago 50, Ill. 


WEIGH-FEEDERS 
(See Feeders) 


WELDING EQUIPMENT FOR 
PLASTICS 


American Agile Corp., Bedford, Ohio 
Ames ye Machinery Corp., Rego 
Park 74, N. Y. 
Borkland Laboratories, Marion, Ind. 
*Cosmos Electronic Machine Corp., New 
York 12, N. Y 
*D & R Plastic Welders, Inc., Hazard- 
ville, Conn. 
*Kabar Mfg. Corp., Roosevelt, Y. 
Kamlar Products "Company, Nenwoull 
Massachusetts 
Laramy Products Company, Cohasset, 
Massachusetts 
*Mitsui & Co., Ltd., Tokyo, Japan 
oy Faas Corp., Los y Rm my 38, 
alif 
Possis Machine Corp., Minneapolis 3, 
Minn. 
Quelcor, Inc., Chester, Pa. 


Radio Frequency Co., Inc., Medfield, 
Mass. 
*Reeve Electronics, Inc., Chicago 6, IIL 
a a Electronics Corp., New York 
= 


Minneapolis 


*Seelye Plastic-Fab, Inc., 
13, Minn. 

*Thermatron Co., The, Div. of Willcox 
& Gibbs Sewing Machine Co., New 
York 18, N. Y. 

*Weldotron Corp., Newark 12, N. J. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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WIRE COATING MACHINES 


Al-Be Industries, South Gate, Cali- 


fornia 
*Battenfeld Corp. of America, Chicago 13, 
til. 


*Battenfeld Maschinenfabriken GmbH, 
Meinerzhagen/Westf., West Ger- 
many 


*xCovema s.r.l., Milan, Italy 


*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont. Canada 


*Davis-Standard Div., Franklin Research 
& Development Corporation, Mystic, 
Connecticut 


*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 

xGetty Machine & Mold, Inc., Clifton, 
N. J. 


Hartig Extruders, Waldron-Harti 
Mi 


and-Ross Corp., Westfiel 
Jersey 

* Hochman Fagin Machinery Corp., 
Newark 2, N. J. 


* Industrial Gvent Inc., Cleveland 11, 


Ohio 
J M C Co., Newark 5, N. J. 


jepen Steel Works, Ltd., The, Chiyoda- 
cu, Tokyo, Japan 
*Johnson Machinery Co., Elizabeth, New 
Jersey 
Litzler, C. A., Co 
Ohio 
Michigan Oven Co. 
*Modern Plastic 
Clifton, N. J. 
aie wy Rubber Machinery Co., 
, Ohio 
*Negri Bossi & C., Milan, Italy 


Div., 
New 


., Inc., Cleveland 9, 


, Detroit 1, Mich. 
Machinery Corp., 


Akron 


MACHINERY AND EQUIPMENT 


*Prodex Corporation, Fords, New Jer- 
sey 

—s Co., Inc., The, Garden City, 

*Royle, John, & Sons, Paterson 3, New 
Jersey 

Samafor, La Courneuve, Seine, France 

*Shaw, Francis, & Co., Ltd., Manchester 
11, England 

*Sterling Extruder Corp., 
Jersey 


Linden, New 


WRAPPING MACHINES, 
COIL AND PIPE 


Pan American Supply Co. 
City, N. Y. 
Pierce Wrappin 

Grange Par 4 
Terkelsen Machine Company, Boston 
10, Massachusets 


, Long Island 
Machine Co., La 





Instruments 





CONTROLLING INSTRUMENTS 


A. Temperatures 
(Dial and Glass 
Thermometers, 
Potentiometers, 
Resistance Thermometers, 
Thermocouples, etc.) 

Surface Pyrometers 

Pressure, to 200 p.s.i. 

Pressure, 200 p.s.i. and up 

Flow of Fluids (Viscous 
and/or Elastic Systems) 

Flow of Solid Particles 

Time and Machine Cycling 

Mold Closing 

Weight 

Extrusion Take-Off 

Drive Speed 

Thickness (or Density of 
Webs and Extrudates) 


M ng ed & Mfg. Co., Inc., 
Yonkers, N. Y A) 
Allis, Louis, Co., The, Milwaukee 1, Wis. 
(G, K) 
*Alnor Instrument Co., Div. of illinois 
Testing Labs., Inc., Chicago 10, Ill. (A) 
Ames, B. C., Co., Waltham 54, Mass. (L) 
Atlantic Pyrometers, Inc., Hawthorne, 
N. I. (A, B) 
Automation Products, Inc., Houston 24, 
Texas (G) 
Bachmann, W. M., Associates, Clear 
Lake, Iowa B, C, D) 
*Barber-Colman Co., Wheelco ee 
Instruments Div., Rockford, Ill 
(A, B, C, D) 
Blodgett Mfg. Co., Wayne, Pa. (I) 
Boulin Instrument Corp., Pelham, N. Y. 
(K) 


mOO® 


> 


*Brabender, C. W., Instruments, Inc., > 
Hackensack, N. J. ‘E 


® Indicates Advertiser 


Brooks Rotameter Co., Hatfield, Pa. (E) 
*Cambridge Instrument Co., Inc., New 
York 17, N. Y. B 
Curtiss-Wright Comp, 


Princeton Div., 
Industrial Contro 


s Dept., Princeton, 


Daystrom, Inc., Weston Instruments 
Div., Newark 12, N 


1. J. (A, B, C, D, L) 
*Dusenbery, John, Co., Inc., Clifton, NE 
) 

Mass. 


*Dynisco, 
C, D) 


Eagle Signal Co., A Div. of The Game- 
well Co., Moline, Ill. (G) 
Eclipse Fuel Enginee ring Co., Rock- 
ford, (E) 
Ejectric Auto-Lite Co., The, General 
Products Group, Toledo 1, Ohio (A) 
Electronic Devs opment Labs., New 
York 38, N. Y. (A, B) 
Eleseeaie” te Corp. of Califor- 
nia, San Francisco 7, Calif. (A) 
*Exact Weight Scale Co., Columbus 15 


Inc., Cambridge 42, 


io (I) 
Fenwal, Inc., Ashland, Mass. (A, C) 
Fischer & Porter Co., Warminster, Pa. 

(A, C, D, E) 
*Foremost Machine Builders, Inc., Living- 


ston, N. J. , D, F, G) 
*Foster & Allen, Inc., Chatham, N. J. 
(G, J) 


Foxboro Co., The, Foxboro, Mass. 
, C, D, E, F, G, H, I, J, K, L) 
GPE Controls, Inc., Chicago 11, Ill. 
(C, D, E, G, J, K, L) 


Gabriel Mfg. Co., Inc., Stony Point, 
N. Y. (D) 
Gardner Laboratory, Inc., Bethesda 14, 
Md. (A) 


General Electric Co., ./ Sales 
Offices, aamenee : tg 


'B, E, G, K, L) 

*Glenn Electric Heater Corp.., Nowask 

, N. _ B, G) 

Helicoid Gage Div., American Chain & 
Cable Co., 


Inc., Bridgeport 2 2, Conn. 
(C, D) 


Illinois Testing Laboratories, Inc., Chi- 
cago 10, Ill. (A) 
*Industrial Mfg. Corp., Indianapolis 4, 


nd. 

Industrial Nucleonics Corp., Columbus 
2. Ohio , F, I, L) 

Injection Control Corp., Birmingham, 


Mich. 
Jones Motrola Corp., Stamford, Conn. 
(K) 
Leeds & Northrup Co., Philadelphia 
44, Pa 


: ,B,C,D 
Leslie Co., Lyndhurst, N. J. (A, C, D) 
*Matrix Controls Co., Inc., Somerville, 
*Mayer Refrigerating Engineers, Inc., 
Lincoln Park, N. J. (A) 
Minneapolis-Honeywell Regulator Co., 
Minneapolis 8, Minn. 
(A, B, Cc, D, E, G, K, L) 


Mount Hope Machinery Co., Taunton, 
Mass. (J, K) 
Pall Corp., Glen Cove, N. Y. (C) 
Partlow Corp., The, New Hartford, 
N. Y. (A, GC) 
Photobell Co., Inc., New we Rf N. Y. 
LEL) 


Photomation, Inc., saan N. 4 
(E, F, I, J, L) 
Plastics by Chapman, Richmond, Calif. 
(C, E, G) 
Skokie 34, 
(A, C, D, E) 
Precision Thermometer & Instrument 
Co., Philadelphia 30, Pa. (A) 
*Pyrometer Instrument Co., Inc., Ber- 
genfield, N. J. (A, B) 
Pyrometer Service Co., Inc., N. Arling- 
ton, N. J. (A) 
*Rainville Co., Inc., The, 

N. Y 

Reliance Electric & Engineering Co., 
Cleveland 17, Ohio (G, K) 
Research, Inc., Minneapolis 24, Minn. 
A, B, C, D, E, F, K) 
Clifton, N. J. (D 


Posse Regulator Co., The, 
Ii. 


Garden City, 
(B) 


Richardson Scale Co.., 








INSTRUMENTS 


*Sarco Co., Inc., New York 22, N. Y. (A) 
Sheffield Corp., The, Sub. of The Ben- 
Corp., Dayton 1, Ohio (L) 

*Sinclair-Collins Valve Co., The, Div. of 
International Basic Economy oa 
Akron 11, Ohio ) 

*Sterling, Inc., Milwaukee 23, Wis. 

(A, E, J) 

*Taylor igremnent Companies, Roches- 
ter 1, Y. (A, B, C, D, E, F, G, H, I) 

Taylor- ad Controls, Inc., Akron 
19, Ohio (G) 
Technique Associates, Inc., Indianap- 
olis 2, Ind. (B 
Testing "Machines, Inc., Mae N. ef 
sah 
Broo (A, B) 

Thwing-Albert Instruments Co., Phila- 
delphia 44, Pa. (A, B) 

Toledo Scale, Div. of Toledo Scale 
Corp., Toledo 12, Ohio I 

'yorsion Balance Co., The, Clifton, N. i 


Tracerlab, Inc., Waltham 54, Mass. 
E, F, I, L) 
United Electric Controls Co., Water- 
town 72, Mass. (A, C, D) 
Wabash Metal Products Co., Inc., Wa- 
bash, Ind. (B) 


Wallace & Tiernan, Inc., 
N. J. 


*Thermo Electric Co., Inc., 


Belleville 9, 
(E, F) 
Weighing & Control Components, Inc., 
Hatboro, Pa. (I) 

* West Instrument Corp., Chicago a. 7 
Wilson, G. C., & Co., Huntington 2, 
W. Va. (G) 


Wintriss, Inc., New York 13, N. Y 


(C, D, H) 


MEASURING AND RECORDING 
INSTRUMENTS 
A. Temperatures 
(Dial and Glass 
Thermometers, 
Potentiometers, 
Resistance Thermometers, 
Thermocouples, etc.) 
Surface Pyrometers 
Pressure, to 200 p.s.i. 
Pressure, 200 p.s.i. and up 
Flow of Fluids (Viscous 
and/or Elastic Systems) 
Flow of Solid Particles 
Time and Machine Cycling 
Mold Closing 
Weight 
Extrusion Take-Off 
Drive Speed 
Thickness (or Density of 
Webs and Extrudates) 


*Acme Machinery & Mfg. Co., Inc., 
Yonkers, N. Y. (A) 
Advanced Dynamics, Inc., Cleveland 37, 
Ohio (A) 
Allegheny Instrument Co., Inc., Cum- 
berland, Md. (A, C, D, I) 
Allis, Louis, Co., The, Milwaukee 1, Wis. 
(G, K) 

*Alnor Instrument Co., Div. of Illinois 
Testing Labs., Inc., Chicago 10, Ill. 

. (A, B) 
Silver 
(A, L) 


American Instrument Co., Inc., 
Spring, Md. 


* Indicates Advertiser 
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Atlantic Pyrometers, Inc., nate 


N. J. 
Automation Products, Inc., 
24, Texas 
Baldwin- (ae Hamilton Corp., Indus- 
trial Equipment Div., Philadelphia 
» Pa. . 
*Barber-Colman Co., Wheelco Industrial 
Instruments De” Rockford, Ill. 
(A, B, C, D) 
Blodgett Mfg. Co., Wayne, Pa. 
Boulin Instrument Corp., Pelham, N 


> 


Houston 
G 


(K) 

*Brabender, C. W., Instruments, ne. 
S. Hackensack, N. J. 

a Instruments, Inc., Stansbont 


ei ms Rotameter Co., Hatfield, Pa. ft 

* Cambridge +. Co., Inc., New 
York 17, 

Conax Corp., Npuffalo 25, N. Y. (A, C, D) 

Curtiss-Wright Corp., Princeton Div., 
Industrial Controls Dept., Princeton, 


N. J. 
Da strom, Inc., 5 ston Instruments 
iv., a 12, N. J. 0B, § C, D, K, a 
Dice, j. W., .. Englewood N.J. 
Dillon, W. oo . Inc., Van an, 


Ca if. 
Ecli Fuel Engineering Co., R 
“ford, Il. (E) 


Electric Auto-Lite Co., The, General 
Products Group, Toledo 1, Ohio (A) 
Electronic oS ae Labs., New 
York 38, N (A, B) 
Electronic <i i Corp. of Calif., 
San Francisco 7, Calif. (A j 
“Enns Weight Scale Co., Columbus 15, 
io »F, 
Fischer & Porter Co., Warminster, Pa. 
(A, C, D, E) 
Fisher Scientific Co., Pittsburgh 19, 4: 
*Foster & Allen, Inc., Chatham, N. J. 
(G, J) 


Foxboro Co., The, Foxboro, Mass. 
(A, B, C, D, E, F, G, H, I, J, K, L) 
Gardner Laboratory, Inc., Bethesda 14, 
Md. (A) 


General Electric Co., 
Offices, 


Industrial Sales 
Schenectady 5, N. Y. 
(A, B, E, G, K, L) 
Helicoid Gage Div., American Chain & 
Cable Co., Inc., Bridgeport 2, Conn. 
(C, D) 
Illinois Tone Laboratories, Inc., Chi- 
cago (A, B) 
Industrial Development Laboratories, 
Inc., Edgewater, N. J. (A) 
Industrial Nucleonics Corp., Columbus 
2, Ohio (E, F, I, L) 
Jones Motrola Corp., Stamford, Ong. 
Leeds & Northrup Co., Philadelphia 44, 
Pa. (A, B, C, D) 
* Matrix Controls Co., Inc., Somerville, 
Minneapolis-Honeywell Regulator Co., 
Minneapolis 8, a. 
B, C, D, E, G, K, L) 
New Plastic —" Los Angeles 38, 
alif. (I) 
Partlow Corp., The, New Hartford, 
N., Y. (A) 
Photobell Co., Inc., New York 7, N. Y. 


(F, I, L) 
Powers Regulator Co., The, Skokie 34, 
Ill. (A) 


Pratt & Whitney Co., Inc., W. Hart- 
ford 1, Conn. (F, G, H, J; L) 
Precision Thermometer & Instrument 
Co., Philadelphia 30, Pa. 
*Pyrometer Instrument Co., Inc., Ber- 
genfield, N. J. (A, B) 


Pyrometer Service Co., Inc., N. Arling- 
ton, N. J. (A) 


rT Co., Inc., The, Garden = 


Reliance Electric & Engineering Pv 
Cleveland 17, Ohio 


= E N. Y. (C, D) 
*Taylor Instrument Companies, Roches- 
ter 1, N. Y. (A, B, C, D, E, F, G, H, I) 
Technique Associates, Inc., Indi 
olis 2, Ind. (B) 
Testing ‘Machines, Inc., wwe N. Y. 


"(A, B, C, D, I, L) 
*Thermo Electric Co., le 

Brook, N. J. 
Te: ‘Albert Instrument Co., . 
B 


a Bong Div. of Toledo ‘Seale 
o 12, ag (D 
Co., The, Clifton, N. J. 


Corp., Toled 
Balance 
Tracerlab, Inc., Waltham 54, Mass. 


(E, Le 
United ag aol Controls Co., Wier 

town 72, M (A, C, D) 
User Guar & & Control Com. Clas 


, Conn. (A, C, D, E) 
Wabash fetal Products Co., Inc., Wa- 


Wallace & Tiernan, Inc., nau 


(C, D, F) 
* West Instrument Corp., Chicago 41, II. 


TESTING INSTRUMENTS FOR: 
Color Matching 
Electrical Properties 
Electrical Quantities 
Mechanical Properties 
Moisture, Volatiles 
Permeability Properties 
Thermal Properties 
Viscosity, Plasticity 
Weathering 
Miscellaneous Testing 

Allegheny Instrument Co., 
berland, Md 


Allied Research Associates, Inc., Boston 
15, Mass. 

American Instrument Co., Inc., 
Spring, Md. (D, I 
American Machine & Metals, Inc. 
Riehle Testing Machines Div., 
Moline, Il (D, 
Ames, B. C., Co., Waltham 54, Mass. 
—— Electric Devices Co., ee 


Inc., Cum- 
D 


’ 


Automation Products, Inc., Houston 24, 
Texas 

Baldwin-Lima-Hamilton Corp., Indus- 
trial Equipment Div., Philadelphia 
42, Pa. (D) 

Barber-Colman Co., Motors and Com- 
ponents Div., Rockford, Ill. (D) 

Beckman Instruments, Inc., Scientific 
& Process Instruments Div., Fuller- 
ton, Calif. . 


Boonton Polytechnic Co., Boonton, ed 
Boulin Instrument Corp., Pelham, N Ls 


*Brabender, C. W., Instruments, Inc., 
S. Hackensack, New Jersey 
(D, E, G, H, J) 
Branson Instruments, Inc., Stamfo 
nn, i} 
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Brookfield Engineering Leberaiecies 


Inc., Ve oot Mass. (H, 
E. J., & Co., River Forest, Ill. ay 
ridge Instrument Co., Inc., New 
York 17, N. Y. F 
*Carver, Fred S., Inc., Summit, N. J. 
Central Scientific Co., Chicago 13, Il. 


Cincinnati Sub Zero Products, Cincin- 


nati 29, Ohio J 
Cleveland Vibrator Co., The, Clev 
138, Ohio 
*Conapac Corp., New York 3, N. Y. (D) 
Crown Engineering & Sales Co., Har- 
rison, N, (A) 
Curtiss-Wright Corp., Princeton Div., 
Industrial Controls Dept., Princeton, 
N. J. Ee 
*Custom Scientific er, is 
Kearny, N. J. aise te G, J) 
Daystrom, Inc., lied 4 
Div, Newark 1s Ny J. (B,C,C,)J) 
DeBell & Richardson, Inc., Hazard- 
ville, Conn. (F, G, H, J) 
Delsen Corp., Glendale 4, os. co 


Devco Engineering, Inc., Caldwell 
N. J. 

Dice, J. W., Co., Englewood, N. J. (J) 
Dietert, Harry W., Detroit 4, Mich. (E) 
Dillon, W. C. & Co., Inc., Van a 


Calif. 
Electric Hotpack Co., Inc., The, Phila- 
delphia Pa. (H) 


a Mfg. Corp., Providence 7, 
R, (B 


send Inc., Ashland, Mass. (G) 
Ferry Machine Co., Kent, Ohio (D, J) 
Fisher Scientific Co., Pittsburgh 19, i 


*Furane Plastics, Inc., Los Angeles 39, 
Calif 


B B, 
Coie Scientific Corp., Chicago i, 
Gardner Laboratory, Inc., Bethesda 14, 

Md. , E, F, G, vg p 
Gagnes Engineering Co 


“fy 


nar we > Se em Sales 
a BSD, B, BF, Ga D 


a » J) 
Halli Instruments, Stn * 


Calif. 
ngente Development Laboratories, 
, Edgewater, N. J. (C) 
indi Devices Inc., Edgowarm 
nan Engineering Corp., Canton, 


sey Mache’ & 


Inc., Attleboro, Mass. 
Keithley Instrument, Inc., Cleveland 6, 
Ohio (B, C) 
Macbeth Corp., Newburgh, N. Y. (A) 
Manufacturers Engineering & Equip- 
ment Corp., Hatboro, Pa. (A, J) 
Minneapolis- Honeywell Regulator Co., 
Minneapolis 8, Minn. 
(B, C, D, G, I, J 
Moisture Register Co., Alhambra, oP 


(E 
Moore-Milford Corp., Skokie, IIl. 3 
a Hope Machinery Co., Taunton, 


seieemens Development eee 


Olsen, Tinius, Testing Machine Co., 

Inc., Willow Grove, Pa. (D, p 
Pall Corp., Glen Cove, N. Y. a 
Photobell Co., Inc., New York 7, N. Y. 


C, J) 


INSTRUMENTS 


Photomation, Inc., Bergenfield, N. J. (J) 
a gg Equipment Corp., Nati 


Product Packaging Engineering, Cul- 
City, Cal G) 
Patan Brn Service Co., Inc., N. Arling- 
ton, N. J. (G) 
Research Products Co., St. Petersbur 
Fla. (D) 


Resistoflex Corp., Roseland, N. i. 6) ©) 
Ridgefield Instrument Som 8 

berger Corp., Ridgefield, Conn, 1 
Scaico Controls, Inc., Delanco, N. J 
Schlumberger Corp., Ridgefield, Conn 


*Scott Testers, Inc., Providence 1, é i 


Shore Instrument ® Mfg. Co., Inc., Orne 
Jamaica 35, N. (D, J) 
Sieburg Pain Inc., Danb 
Conn. (D, j 
Soiltest, Inc., Chicago 39, Ill. (D, J) 
Sticht, Herman H., Co., Inc., New York 


7, N. Y. (B, C) 
Sunshine Scientific Instrument, Phila- 
delphia 15, Pa. (B, C, D, H, J) 
Taber Instrument Corp., N. Tona- 
wanda, N. Y. 


(D, J) 
Tenney Engineering, Inc., Union, N. j 


Testing Machines, Inc., Mineola, N. Y. 
B, C, D, E, F,G, 'H, I,J) 
Torsion Balance Go. The, ’Clifton, N. J. 


United Electric Controls Co., Water- 
town 72, Mass. 

United oe Testing Co., Inc., Ho- 
boken, N. J. (B, D, G, J) 

Wallace & Tiernan, Inc., Belleville 9, 
N. J. (J) 








Machine Tools 








BEVELING MACHINES 
Riche rman Gould Co., Inc., Oceanside, 


} 8 
Red H. W., Co., Inc., Richmond 
Hill 18, N. Y. 
*Lupoline Automatic eg, Equip- 
ment Corp., Bronx~70, N. 
*Mico Instrument Co., Cambridge 38, 


Hermes Engraving Machine 
Corp., New York 11, N. Y. 
Sommer & Maca Class Machinery Co., 
Chicago 50, Ill. 
*Standard Tool Co., Leominster, Mass. 


BORING MACHINES 


none Mold Co., , Rochester 6, 
Y. 

Beldiotss: Lima-Hamilton Corp., Indus- 

pag, Equipment Div., Philadelphia 


*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 

Motch & Merryweather jeechinany Co., 
The, Cleveland 17, Ohio 
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*National Automatic Tool Co., Inc., 


Richmond, Ind. 


*Producto Machine Co., The, Bridge- 


port, Conn. 
Snyder Corp., Detroit 7, Mich. 
Union Too Corp., The, Warsaw, Ind. 
Universal-Automatic Corp., Schiller 
Park, Ill. 


BROACHING MACHINES 
2 Mold Co., Inc., Rochester 6, 
Buttondex Corp., New York 16, N. Y. 
Chicago Pneumatic Tool Co., New York 

17, N. Y 
Cinolanati “Milling Machine Co., The, 
Milling Machine Div., Cincinnati 9, 


Ohio 
Greenerd Arbor Press Co., Nashua, 
N. H. 


BUFFING MACHINES 
ow Mold Co., Inc., Rochester 6, 
Chicago Pr Pneumatic Tool Co., New York 
Divine isa, Co., Utica 1, N. Y. 


Foredom Electric Co., Inc., Bethel, 


mn. 
Kramer, H. W., Co., Inc., Richmond 
Hill 18, N. Y. 


*Lupoline Automatic Polishing Equip- 


ment Corp., Bronx 70, N. Y. 
ok Standard Corp., Jersey City 4, 


N. J. 
Maplewood Companies, Livingston, 


N. J. 
*Nash, J. M., Co., Inc., Oshkosh, Wis. 


Sommer & Maca Glass Machinery Co., 
Chicago 50, Ill. 
oo & Staff, Inc., Chicago 12, 


CUTTING TOOLS 
(Cutters, Millers, Routers, etc.) 


Aare Mold Co., 
, 4 

Pant Rotary Tools Co., Inc., Great 
* A 


, Rochester 6, 


Nec 


Bennett, » ameees C., Mfg. Co., Lacey- 


Bibeh L E., Aovaciaten, rye Draco 
Div. ‘sain ’(Malden) 48, 

Crucible Steel Co. of Pade mg ’ Pitts. 
burgh 30, Pa. 





MACHINE TOOLS 


DoAll Co., The, Des Plaines, Iil. 

Elgin National Watch Co., Abrasives 
Jiv., Elgin, Ul. 

Firth Sterling, Inc., Pittsburgh 30, 
Pennsylvania 

Foredom Electric Co., Inc., Bethel, 
Conn. 
Hendiane®t Tools, Inc., Div. of X-acto, 
Long Island City SS 
aera: H. W., Co., Inc., Richmond 
Hill 18, N. Y. 

*Lupoline Automatic ss Equip- 
ment Corp., Bronx 70 

ene Tool Co., Inc., Cleveland 11, 
Ohio 


Meyers, W. F., Co., Inc., Bedford, Ind. 

Pratt & Whitney Co., Inc., W. Hart- 
ford 1, Conn. 

Sieburg Industries, Inc., 
Conn. 


Danbury, 


DIE SINKING MACHINES 


Bliss, E. W., Co., Canton 10, Ohio 
Cincinnati Milling Machine Co., The, 
Milling Machine Div., Cincinnati 9, 


Ohio 
Defiance Machine & Tool Co., St. Louis 
0, Mo. 
are Equipment Corp., New York 12, 


Gorton, George, Machine Co., Racine, 
Wis. 
Pratt & Whitney Co., Inc., W. Hartford 


1, Conn. 
Turchan Follower Machine Co., Ink- 
ster, Mich. 


DRILLING MACHINES 


Drill Presses, Single Spindle 
Drill Presses, Multiple Spindle 
Jig Borers 

Portable 


Air Speed Tool Co., Los Angeles rf 


Calif. 
ABene Mold Co., Inc., Rockers S 
Alligd in ring & Production Corp., 
Aamo, Calif’ P B) 
American Edelstaal, Inc., New York 13, 
N. Y. (A) 
Aro Equipment Co., Bryan, Ohio (D) 
Barker-Davis Machine Co., Inc., Leom- 
inster, Mass (A, B) 
Black & Decker Mfg. Co., The, Indus- 
trial Div., Towson, Md. (D) 
Boice-Crane Co., Toledo 6, Ohio (A, B) 
Buckeye Tools Corporation, Dayton, 
Ohio (D) 
Buttondex Corp., New York 16, N. Y. 
(A, B) 
Chicago Pneumatic Tool Co., New York 
17, N. Y. (D) 
Commander Mfg. Co., Chicago 24, Ill. 


2, Wis 


“, 


(B) 
Electro- Mechano Co., The, Milwaukee 
(A, B) 


Erinac Equipment Corp., New York 12, 
N. Y. (C) 
Famco Machine Co., Kenosha, Wis. 
(A, B) 

Gardner-Denver Co., Quincy, Ill. (D) 
Gorton, George, Machine Co., Racine, 
Wis. (C) 
Hamilton Tool Co., The, Hamilton, 
Ohi (A, B) 


ae Plastics Machinery Corp. 
Newark 2, N. J. (A, B, C) 
Ingersoll-Rand Co., New York 4, N. Y. 
(D) 


*% Indicates Advertiser 


1126 


Ketchpel Engineering Co., West Engle. 
wood, N. 


Lawson Co., The, Div. of Michle-Gaer 
Dexter, Inc., Chicago 8, Ill. (B) 
*Mico Instrument Co., Cambridge 6. 


Mass ( 
Motch . & Merryweather Machinery Co. 
The, Cleveland 17, Ohio (A, B) 
*National - 7 - Tool Co., Inc., 
Richmond, 
Porter-Cable Machine Co., Syracuse 4, 


(C, D) 
Pratt & ew Co., 
ford 1, 


( 
Resiagion poll Co., Inc., Bridgeport 


2, Conn. D 
Skil Co ., Chicago 30, Ill. 
Snyder Corp., Detroit 7, Mich. (A, B 
Sommer & Maca Glass Machinery Co., 

Chicago 50, Il. (A, B) 
Thor Power Tool Company, Aurora, 


Illinois 
Universal-Automatic Corp., Schiller 
Park, Il. A, B 
Wilson, Thomas C., Inc., Long Is 
City 1, N. Y. (D 


DUPLICATING MACHINES 


A. Two-Dimensional 
B. Three-Dimensional 


Rochester & 


(A, B 
Cincinnati Milling Machine Co., 

Milling Machine Div., Cincinnati 9. 
Ohio (A, B) 
Erinac Equipment Corp., New York 12, 
N. Y. , B) 
Famco Machine Co., Kenosha, Wis, 
(A, B) 
*Farrel-Birmingham Co., Inc., Ansonia, 
onn. (A, B) 
Gorton, George, Machine Co., Racine, 
Wis. (A, B) 
*Hochman Plastics Machinery Corp., 
Newark 2, N. J. (A, B) 
Pratt & Whitney Co., Inc., W. Hart- 
ord 1, Conn. (A, B) 
Technicraft Co., Boston 34, Mass. (B) 
Turchan Follower Machine Co., Ink- 
ster, Mich. (A, B) 


an & Mold Co., Inc., 


ELECTRO-EROSION MACHINES 


Charmilles Engineering Works, Ltd., 
Long Island City 1, N. Y. 

Cincinnati Milling Machine Co., The, 
Electrojet Div., Cincinnati 9, Ohio 

Easco Products, Ypsilanti, Mich. 


ENGRAVING MACHINES 
am A Mold Co., Inc., Rochester 6, 
Datenee | Machine & Tool Co., St. Louis 
Foredom Electric Co., Inc., Bethel, 
a George, Machine Co., Racine, 

s 
eee Co., Inc., Cambridge 

*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany 

*Mico Instrument Co., Cambridge 38, 
Mass. 

*New Hermes Engaving Machine 
Corp., New York 11, 7. 


Pierce Wesring Meshioe Co., La 
G “— Park, 
* Preis, r. tee Machine Co., 
Hillside 5, N. J. 
Technicraft Co., Boston 34, Mass. 


GRINDING MACHINES 
- Mold Co., Inc., Rochester 6, 
Aled Engineering & Production 

Alameda, Calif. a 
he Edelstaal, Inc., New York 13, 


Black & Decker Mfg. Co., The, Indus- 
trial Div., Towson, Md. 

Boice-Crane Co., Toledo 6, Ohio 

Cae Pneumatic Tool =. New York 


7, N. 
Chica Wheel & Mfg. Co., Chicago 


Chicago Wood & Plastic Products, Chi- 
cago 41, Ill. 

Cincinnati Milling Machine Co., The, 
eating Machine Div., Cincinnati 9, 


Cincinnati Milling Machine Co., The, 
pisieg Machine Div., Cincinnati 9, 


Pn Laboratories, Inc., Pom; 
ton Lakes, N. J. 
Erinac Equipment Corp., New York 1 


* Farrel-Birmingham Co., Inc., Ansoni. 
Foredom Electric Co., Inc., Bethel, 


*Glden Co., Inc., Franklin Lakes, N. J. 
Gorton, George, Machine Co., Racine, 


Wis 

*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 

*Mico Instrument Co., Cambridge 38, 


Mass. 
*National Automatic Tool Co., Inc., Rich- 


mond, 
*New Hermes eres Machine Corp., 
New York 11, 
Norton Company, * ea 6, Massa- 


chuse’ 
Porter-Cable Machine Co., Syracuse 4, 


a & Wanner Co., Inc., West Hart- 
shefheld” a “The, Sub. of The Bendix 
Corp., Dayton 1, Ohio 

Skil Co: icago 30, Ill. 

Stow M 'c. Co., Binghamton, N. Y. 
— > Thomes C., Inc., Long Island 

City 
Wyzenbeek & Staff, Inc., Chicago 12, 


LATHES 
(Turning, Boring, etc.) 


Alliance Mold Co., Inc., Rochester 6, 
N. Y. 
Augattene Edelstaal, Inc., New York 13, 


Baldwin-Lima-Hamilton Corp., Indus- 
a Equipment Div., Philadelphia 


, Pa. 
Bliss, E. W., Co., Canton 10, Ohio 
*Farrel-Birmingham Co., Inc., Ansonia, 


nn. 
*Hochman Plastics Machinery Corp., 
oe 2. N. 


J. 
we ee & anny Co., The, Cincinnati 


Taber a ES Corp., N. Tona- 
wanda, N. Y. 


MILLING MACHINES 
ae Mold Co., Inc., Rochester 6, 
Allied Engineering & Production Corp., 

Alameda, Calif. 
os he Edelstaal, Inc., New York 13, 
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Cincinnati Milling Machine Co., The, 
Milling Machine Div., Cincinnati 9, 
Ohio 

Famco Machine Co., Kenosha, Wis. 

*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 

Gorton, George, Machine Co., Racine, 
Wis. 

*xHochman Plastics Machinery Ceorp., 
Newark ; 

Motch & Merryweather poahingey Co., 

The, Cleveland 17, Ohi 
*Producto Seaenine Co., “The, Bridge- 
port, Con 

Turchan Follower Machine Co., Ink- 
ster, Mich. 

Universal-Automatic Corp., Schiller 
Park, Ill 


PANTOGRAPHS 
ARienge Mold Co., Inc., Rochester 6, 
ih 
Erin rinac Equipment Corp., New York 12, 
N. Y. 


Gorton, George, Machine Co., Racine, 
Wis. 
Green Instrument Co., Inc., Cambridge 
39, Mass. 
*Hochman Plastics Machinery Corp., 
Newark 2, 
*Mico Instrument Co., Cambridge 38, 
Mass. 
*New Hermes meres Machine Corp., 
New York 11, 
Pierce W raping ‘Machine Co., La 
Grange Par 
*Preis, H. P., Engraving Machine Co., 
Hillside 5; N. J. 


PLANING AND SHAPING 
MACHINES 


Alena Mold Co., Inc., Rochester 6, 


KR 
Bal lwin-Lima-Hamilton Corp., Indus- 
trial Equipment Div., Philadelphia, Pa. 
Black & Decker Mf Co., The, Industrial 
Div., Towson, Ma. 
Boice-Crane Co., Toledo 6, Ohio 
Buss Machine Works, Inc., Holland, 
Mich. 
*Farrel-Birmingham Co., Inc 
Conn. 
Greenlee Bros. & Co., Rockford, IIl. 
*Hochman He ag Machinery Corp., 
Newark 2 
Norton Co., Ww. et ol 6, Mass. 
Porter-Cable Machine Co., Syracuse 4, 
N. Y. 


, Ansonia, 


PROFILING MACHINES 
Aenes Mold Co., Inc., Rochester 6, 
ny 


Chicago Wood & Plastic Products, Chi- 
cago 41, Ill. 

ae Equipment Corp., New York 12, 
N 


*F aa Birmingham Co., Inc 
Conn. 

Foredom Electric Co., Inc., Bethel, 
Conn. 

Gorton, George, Machine Co., Racine, 


, Ansonia, 


W is. 
* Hochman otis Machinery Corp., 
Newark 2 


*New Hermes Engraving Machine Corp., 
New York 11, N. Y. 
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onn, 
*Hochman Plastics Machinery Corp., 


*Nash, J. M., C 


Pratt & Whitney Co., Inc., W. Hartford 


1, Conn. 
*Producto Machine Co., The, Bridge- 


| et Conn. 

Sieburg Industries, Inc., Danbury, 
Conn. 

Taber ee Corp., N. Tona- 


wanda, N. Y. 
Turchan Follower Machine Co. ., Ink- 
ster, Mich. 


ROUTING MACHINES 


Black & Decker Mfg. Co., The, Indus- 
trial Div., Towson, Md. 
a Electric Co., Inc., Bethel, 


onn. 
* Hochman Plastics Machinery Corp., 


Newark 2 


J. 
Kramer, H. W., Co., Inc., Richmond Hill 
18, N. Y. 
Pioneer-Toledo Corp., The, Toledo 7, 


io 
es Machine Co., Syracuse 4, 


Pratt & Whitney Co., Inc., W. Hartford 
1, Conn. 

Turchan Follower Machine Co., Ink- 
ster, Mich. 


SANDING MACHINES 
(Wet and Dry) 


A. Belt 
B. Rotary 
C. Vibratory 


Alliance Mold Co., Inc., Rochester 6, 
N., Y. (A, B) 
Black & Decker Mfg. Co., The, Indus- 
trial Div., Towson, Md. (A) 
Boice-Crane Co., Toledo 6, Ohio (A) 
Buss Machine Works, Inc., Holland, 
Mich. (A, B 
Chicago Pneumatic Tool Co., New Yor 
17, N. Y (B) 


Foredom Electric Co., Inc., — 
B) 


Newark 2, N. J. (A, B, C) 


*Lupoline Automatic Polishing Equip- 
(B) 


ment Corp., Bronx 70, N. Y. 


Maplewood Companies, Livingston, 
N 


N. J. A, 
Merit Products, Inc., Los Angeles 16, 
Calif. 
ne., Oshkosh, Wis. 


(A, B 

Skil Corp., Chicago 30, Iil. AS 
Solem Machine Co., Rockford, III. 

(B, C) 

Sommer & Maca Glass Machinery Co., 

Chicago 50, Ij]. A 

Union Tool Corp., The, Warsaw, Ind. 

(A) 

Wysong & Miles Co., Greensboro, N. C. 

(A, B, C) 


SAWING MACHINES 


Bond Sawing 
Circular Sawing 
Hack Sawing 
Jig Sawing 
Panel Sawing 
Portable 

Radial Sawing 


*Farrel-Birmingham Co., Inc 


MACHINE TOOLS 


Air Speed Tool Co., Los snare % 

Alliance Mold Co., Inc., Ba 6, 
N; Y. A, C 

Allied Engineering & Production ui 
ameda, Calif. 

Aro Equipment Co., Bryan, Ohio (F 

Bennett, Richard C., Mfg. Co., Lacey- 


ville, Pa. ) 

Black & Decker Mfg. Co., The, Indus- 
trial Div., Towson, Md. F 

Boice-Crane Co., Toledo 6, oe 


Buckeye Tools Corp., Dayton, Oe BD 
Carter Products Co., Inc., Grand Rapids 
2, Mich. A 
Chicago Pneumatic Tool Co., New York 
17, N. Y. (F) 

De Welt, Inc., Lancaster, — 
(A, B, D, E, F, G) 


*Falls Engineering & Machine Co., The, 


Cuyahoga Falls, Ohio (A) 
Famco Machine Co., Kenosha, wii 


Conn. 


, Ansonia, 
Foredom Electric Co., Inc., Bethel, 
Conn. 


(B) 

Gardner-Denver Co., Quincv, Ill. (F) 

Case Engineering Co., Chicago 12, 
I 


(B, E) 
Hendrick Mfg. Corp., Marblehead, 


ass. 
*Hochman Plastics Machinery Corp., 


Newark 2, N. J. (A, B, C, D, E, 
F,G 


, G) 

Ingersoll-Rand Co., New York 4, N. Y. 
Kohler-Joa Corp., Sheboygan Falls, 
Wis (E) 


Mereen Johnson Machine Co., ne. 
apolis 12, Minn. B, E) 

Motch & Merryweather Mac RS. >. 
The, Cleveland 17, Ohio 

Plastics by Chapman, Richmond, cali 


Porter-Cable Machine Co., Sree 4, 
N. Y. B, D, F) 

Racine Hydraulics & Pe Rn Inc., 
Racine, Wis. 

Remington Arms Co., Inc 
2, Conn. 

Skil Corp., Chicago 30, Ill. (B, D, F, G 

= 5 enn Co., Inc., Pw gs 


> B+ 


C) 
, Bridgeport 


Thor Power Tool Co., Aurora, Illinois 


Union Tool Corp., The, Warsaw, Ind. 
(A, C, G) 


TAPPING MACHINES 


Alliance Mold Co., Inc., Rochester 6, 
N. Y 


Boice-Crane Co., Toledo 6, Ohio 


Commander Mfg. Company, Chicago 
24, Illinois 


Hamilton Tool Co., The, Hamilton, 
hio 


*Hochman Plastics Machinery Corp., 


Newark 2, N. J. 


*Mico Instrument Co., Cambridge 38, 


Mass. 


*National Automatic Tool Co., Inc., 


Richmond, Ind. 
Puan Safety Chuck Co., Chicago 
6, Ill. 


Snyder Corp., Detroit 7, Mich. 


Universal-Automatic Corp., 
Park, Il 


Schiller 














Supplies 








ABRASIVE MATERIALS AND TOOLS 


American Emery Wheel Works, Provi- 
dence, R. 1. 

American Rotary Tools Co., Inc., Great 
Neck, N. Y. 

Behr-Manning Co., Troy, N. Y. 

a Co., The, Niagara Falls, 


Chicags Wheel & Mfg. Co., Chicago 
Composition p, Matestals Co., 


York 36, N 
cow .- Mfg. Co., 


Inc., New 
Inc., Burlingame, 


Diamond Teal Research Co., Inc., New 
York 10, » A 
Ehomicel Co., Providence 3, 


R. 
ne ‘National Watch Co., Abrasives 


Elgin, 
“iow Equipment Co., Chicago 
Hanson-Van Winkle- Be de ba 
awan, N. 
Harrison & Co., Inc., Haverhill, Mass. 
Kramer, H. W., Co., Inc., Richmond 
Hill 18, N. Y 


Lea Mig. Co., The, Waterbury 20, 


nn. 
Lord Chemical os , Sub. of Wheela- 
brator Corp., . Pa. 
*Lupoline po any Polishing Equip- 
ment Corp., Bronx 70, N.Y. 
McAleer M g. " Corp., Detroh 17, Mich. 
wae F Products, Inc., Los Angeles 16, 
alif 
Metals Disintegrating Co., Div. of 
ee Co., Elizabeth B, 


Norton Co., Worcester 6, Mass. 
ay Chemicals Corp., Philadelphia 
‘a 
Raybestos-Manhattan, _Inc., 
New Jersey 
a, Bernard, Co., Brooklyn 31, 


Skil Corp., Chicago 30, Ill. 
Steelcote Mfg. Co., St. Louis 3, Mo. 
*S5upersonic Blast, Inc., Div. of American 
echnical Machinery Corp., Mt. Ver- 


non, N. 
Ti-Co Industries, Inc., Tipton, Ind. 
Tumb-L-Matic, Inc., Stamford, Conn. 
United Laboratories C 0., Linden, New 


wis 
— rator Corporation, Mishawaka, 


White, S. S., Dental Mfg. Co., 
trial Div., New York 16, N. Y. 


Passaic, 


Indus- 


AIR NOZZLES 
*Supersonic Blast, Inc., Div. of American 


Technical Machinery Corp., Mt. Ver- 
non, N. Y. 


ANTISTATIC COMPOUNDS, 
CLEANERS 
Alframine Corp., Paterson 4, N. J. 
* Antara Chemicals, A Div. of General 
Aniline & Film Corp., New York 14, 


N. Y. 
*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 
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Chenier’ o Engineering Associates, 


nae tee Co., Providence 3, 
Ore ae Island 
— Winkle-Munning Co., Mat- 


N. J. 
#lmper Chemical Industries, Ltd., 
Millbank, London S.W.1, England 
. Co., The, , Watebaey 20, Conn. 
, Detroit 17, Mich. 
_, Presenation, Inc., New 


Merix Chacieat Co., Chicago 49, Ill. 

Miller, Harry, Corp., Phila elphia 40, 
Pennsylvania 

No hemical Company, Richmond, 


alifornia 
Onyx Chetnical Corp., Jersey City 2, 


me > Se United, Inc., Union, New 
Jersey 
R. 3 ene Corp., Brooklyn 10, 


N. Y. 
Research Sales, Inc., Suffern, N. Y. 
ical Co., Inc., Long 
Island City 1, N. Y. 
*Simco Co., The, Lansdale, Pa. 
*Statikil, Inc., Cleveland 13, Ohio 
Swift & Co., Chicago 9, ill. 
Wye Industries, Boston 27, Mass. 


BAGS, VACUUM AND PRESSURE 
MOLDING 


Gardena, Calif. 
Cam > , & Co., Inc., New York 


Flexible Packaging Div., Continental 
Can Co., Mt. Vernon, Ohio 
a > Mastic Inc., Walled Lake, 
ich. 


Aircond: 


BEARINGS 


*Akron Extruders, Akron 14, Ohio 

ney Mfg. Corp., Maynard, Mass. 

J : ogee, Fanstics, Inc., Brooklyn 8, New 
fe) 

Laminated Sheet Products Corp., Nor- 


wood, Mass. 
*Lupoline Automatic Polishing Equip- 
aoe ees. of Fa. ‘the, Rend 
— rp. of Pa e, Reading, 


a. 
*Polypenco, Inc., Reading, Pa. 
*R le Rubber & 
Co., Inc., N. Bergen, N. J. 
Rollway Bearing Co., Inc., 


Machinery 
Syracuse 4, 
Co., Panelyte Div., Tren- 
r Bearing Co., The, Can- 


St. eee Pa 
N. 


Timken Roll 
ton 6, Ohio 


BELTS, BANDS AND SPECIALTIES, 
ABRASIVE 


fonee & Co., Armour Alliance Indus- 
tries, Alliance, Ohio 

Behr- Manning Co., Troy, N. Y. 

Coppers rundum Co., The, Niagara Falls, 


Dayco Corp., The, Dayton, Ohio 
Skil Corp. Chicago 30, Ill. 
United Laboratories Co., Linden, N. J. 


BELTS, STAINLESS STEEL 


Metalsmi 
Perforate ef Product inc, Brookline 44, 
ass 


BUFFING AND POLISHING 
COMPOUNDS 


American ae Mfg. Co., New 
Orleans 1 
7. “etary te Tools Co., Inc., Great 


eck, N 
kCadillae istic & Chemical Co., De- 
troit 3, Mich. 
Composition < —on Co., 
York 36, N. Y 
Diamond Tool Research Co., Inc., New 
York 10, N. Y. 
Dytex Chemical Co., Providence 3, 
Rhode Islan 
cigs National Wench Co., Abrasives 


Bnet uipment Co., Chicago 5, Ill. 
Fee Soran Co., Pittsburgh 19, 


ennsylvania 
Hoa Winkle-Munning Co., Mat- 
awan, N. J. 
a 4 Co., Inc., Haverhill, Mas- 
a Silicones Distrib- 
utor, a) . 
Kramer, 3 , Co., Inc., Richmond 
Hill i8, N 
Lea Mfg. Gor The, Waterbury 20, 
Conn. 
aia my Automatic ss Equip- 


, Bronx 7 
McAleer M Mfg. Corp., Detroit 17, Mich. 


Micron Specialties ‘Co., Chicago 39, 
Illinois 
a i R. R., Co., The, Rochester 4, 


Sirotta, Bernard, Co., Brooklyn 31, 
*S wi] Blast, Inc., Div. of American 
= cal Machinery Corp., Mt. Ver- 
—" asian A Div. of The Texstar 
Corp., Forth Worth, Texas 
Ti-Co Industries, Inc., Tipton, Ind. 
—., Laboratories, Inc., Ja- 
maica 33, N 
~ Soc Co., Linden, New 


wiles Co., Los Angeles 23, Calif. 


Inc., New 


CLAMPS 


Airmatic Valve, Inc., Cleveland, Ohio 

Cincinnati Tool Co., The, Cincinnati 
12, Ohio 

Detroit Sta Stamping Company, Detroit 3, 

ic 

Fisher Scientific Co., Pittsburgh 19, 
Pennsylvania 

Handicraft Tools, Inc., Div. of X-acto, 
Inc., Long Island City 1, N. Y. 

ed aioe Supply Co., Cleve- 


Murray Co., _ te 4, M fd. 
— Products, Inc., Cleveland 1, 
io 


(For complete addresses, see Alphabetical Index, p. 1179) 





CUT-OFF WHEELS 


8’ Campbell Div., American Chain 
& Se Co., Inc., Bridgeport 2, 


Carborindum Co., The, Niagara Falls, 


Ecamomy Diamond Tool Co., New York 
12, ¥. 

Elgin National Watch Co., Abrasives 
Div., Elgin, Ill. 

Foredom Electric Co., Inc., Bethel, 
Conn. 

Meyers, W. F., Co., Inc., Bedford, Ind. 

Norton Co., Worcester 6, Mass. 

Raybestos-Manhattan, Inc., Passaic, 

sendutien. . G., Grinding Wheel Co., 
Springfiel "4, Mass. 

Stone Machinery Co., Inc., Manlius, 
N. Y. 


DECALCOMANIAS 
American Ormapress Corp., New York, 
N. Y. 
Bricemar Mfg. Corp., New York 13, 
N.Y 


Commercial Decal, Inc., Mt. Vernon, 
N. Y. 

Criterion Decalcomania Co., Inc., New 
York 17, N. Y. 

Electro Plastics Corp., Dallas 7, Texas 

Kaumagra >. eB, W ilmington 99, Del. 

Meyercorc The, Chicago 44, Ill. 

te Fa Bel Co., Chicago 5, 


Omapress A.G., Zurich, Switzerland 

Pee Cee Tape & Label Co., Los Angeles 
36, Calif. 

Topflight Corp., York, Pa. 

Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 


DIES, SHEETING 


*Akron Extruders, Akron 14, Ohio 

Black-Clawson Co., The, Hale & Kullgren 
Plastics Dept., Akron 10, Ohio 

Essex Plastic Machinery Co., Inc., Bev- 


erly, Mass. 
*Getty Machine & Mold, Inc., Clifton, 
N 


J. 
] M C Co., Newark 5, N. J. 
Japan Steel Works, Ltd., The, Chiyoda- 
ku, Tokyo, Japan 
*Johnson Mfg. Co., Inc., 
Falls, Wis. 
*Kleinewefers, Joh., Séhne, Krefeld, West 
7€T 


many 
*Olympia Tool & Machine Co., Newark 5, 
N 


Chippewa 


Payne Tool & Engineering Co., The, 
K Springfield, Ohio 
Skyline Industries, Titusville, Pa. 


DIES, STEEL 
A & S Suet Rule Die Corp., New York 
Able > sel Rule Die Co., New York 12, 


Pe Steel Rule Die Mfrs., New 
York 10, N. Y. 


*Acromark Co., The, Elizabeth 4, New 


Jersey 


*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 
A ~ pat Engravers Inc., New York 12, 


Atlantic Mfg. Co., Philadelphia 22, Pa. 
Boston Cutting Die Co., Boston 22, Mass. 


*In die ates Advertiser 


Cowan Plastic Products Corp., Provi- 


mee 9, R. I. 

Crucible Steel Co. of America, Pitts- 
burgh 30, Pa. 

Daniels-Kummer Engraving Co., Addi- 
son, Ill. 

Defiance Machine & Tool Co., St. Louis 
10, Mo. 

Dewes Gumbs Die Co., Inc., New York 


3, N 
Electro Plastics Corp., Dallas 7, ae 
Firth Sterling, Inc., Pittsburgh 30, 
= Machine & Mold, Inc., Chtton 


J. 
Heppenstall Co., Pittsburgh 1, Pa. 
Independent Die & Supply Co., St. 


Louis 4, Mo. 
*Kleinewefers, Joh., Séhne, Krefeld, 
West Germany 


Many, J., & Company, New York 13, 


Newark 


New York 
en ey Tool & Machine Co., 
N. J. 


mi Tool & & gene Co., The, 
Springfield, O 

Plastic Mold Took” & Die Co., 
Rutherford, N. J. 

Ross, Seymour, Corporation, Hatboro, 
Pennsylvania 

Sarcol Foundry & Pattern Corp., Chi- 
cago 12, Ill. 

Skyline Industries, Titusville, Pa. 

Sossner Steel Stamps, Inc., New York 
13, N. Y. 

Western Supplies Co., 


Inc., E. 


St. Louis 6, Mo. 


ELECTRODES, HIGH-FREQUENCY 
HEAT SEALING 


A & S Steel Rule Die Corp., New York 
N. 


Yy. 
Able Steel Rule Die Co., New York 12, 
N. Y. 
— Engravers, Inc., New York 12, 
* 2 
Call nan, J. A., Co., Chicago 6, IIl. 
Flodins Industri A.B., Lysekil, Sweden 
*Kabar Mfg. Corp., Roosevelt, N. Y 
*Mayflower Electronic Devices, Inc., 
Little Ferry, N. J. 
* Peterson Electronic Die Co., Inc., Mine- 
ola, N. Y. 
*Reeve Electronics, Inc., Chicago 6, IIl. 
*Sealomatic Electronics Corp., New York 
1, N. Y. 
Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 


EXTRUDER CYLINDERS 


Black-Clawson Co., The, Hale & Kull- 
gren Plastics Dept., Akron 10, Ohio 
*Danson, Barnett J., Associates, Ltd., 
Toronto 12, Ont. Canada 
Essex Plastic Machinery Co., Inc., Bev- 
erly, Mass. 
*Industrial Research Laboratories, Los 
Angeles 11, Calif. 
JMC Co., Newark 5, N. J. 
Japan Steel Works, Ltd., The, Chiyoda- 
ku, Tokyo, Japan 
*Kleinewefers, Joh., 
West Germany 
*Olympia Tool & Machine Co., Newark 5, 


Séhne, 


i. 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 


EXTRUDER SCREENS 


*Akron Extruders, Akron 14, Ohio 
Coming Wire Cloth Co., Cambridge, 


Newark Wire Cloth Co., Newark, New 
Jersey 


Krefeld, 


SUPPLIES 
Sherwatt Eine & Mfg. Co., Inc., 


New York, 
we W. S., Co., Cleveland, Ohio 
WT. s George A., & Son, New York 
N. Y. 


EXTRUDER SCREWS 


*xAkron Extruders, Akron 14, Ohio 
Al-Be Industries, South Gate, Calif. 
Black-Clawson Co., The, Hale & Kull- 

gren Plastics Dept., Akron 10, Ohio 

*Danson, Barnett J., & & Associates, Ltd., 

Toronto 12, Ont., Canada 
*Egan, Frank W., & Co., Somerville, 
N 


Essex Plastic Machinery Co., Inc., Bev- 
erly, Mass. 

J M C Co., Newark 5, N. J. 

Japan Steel Works, Ltd., The, Chiyoda- 
ee Tokyo, Japan. 

* Johnson on Co., Inc., Chippewa 


Falls, 
*Killior Tool & Mfg. Co., Verona, New 
ersey 
*Kleinewefers, Joh., 


Krefeld, 
West Germany 
Lavorazione Materie Plastiche, S.A.S., 
Torino, Italy 
nee Plastic Machinery Corp., Clif- 


N. J. 
National Rubber 
Akron, Ohio 
*Olympia Tool & Machine Co., Newark 

N 


Sohne, 


Machinery Co., 


Peco Machinery Sales (Westminster), 
Ltd., London S.W.1, England 
*Royle, John, & Sons, Paterson, N. J. 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 
Skyline Industries, Titusville, Pa. 
*Wayne Machine & Die Co., Passaic, 


N. J. 

*Werner & Pfleiderer, Stuttgart, West 
Germany 

*Windsor, R. H., Ltd., 


Chessington, 
England 


FASTENING DEVICES 


Aluminum Co. of America, Pittsburgh 
19, Pa. 

Boots ow? Nut Corp., Div. of Town- 
send Co., Norwalk, Conn. 

Central “athe yo Chicago 9, IIl. 

Chicago Screw Co., The, Div. of Stand- 

ard Screw Co., Bellwood, Ill 

Continental Screw Co., New Bedford, 
Mass. 

Fastener Products, Inc., Wilton, Conn. 

Flexigrip, Inc., New York 21, N. Y. 

Hanscom, H , & Co., Inc., Provi- 
dence 5, R. I. 

Hartford Machine Screw Co., Div of 
Standard Screw Co., Hartford 2, 


Conn. 
Industrial Plastic Fabricators, Norwood, 


Mass. 
*National Lock Co., Rockford, Til. 


Palnut eo The, Mountainside, New 


Jerse 

Pockuo tiles, A Div. of General Amer- 
ican Transportation Corp., Clifton, 
N 


N. J. 

Phelps Mfg. ~ Heli-Coil Corp., 
Danbu 

Pheoll M Z., cane ‘Chicago, Til. 

South Chester Corp. ., Southco Div., 
Lester, Pa. 

Standard Screw Co., Bellwood, Il. 

a prouuien Co., Mountainville, 


Tinnerman Products, Inc., Cleveland 1-. 


Ohio 
United Shoe Machinery Corp., Boston 
7, Mass. 
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SUPPLIES 


United Shoe Machinery Corp., Shelton 
Div., Shelton, Conn. 

Waldes Kohinoor, Inc., Long Island 
City 1, N. Y. 

Western Automatic Machine Screw Co., 
The, Div. of Standard Screw Co., 
Elyria, Ohio 


FILTER CONE ATTACHMENTS 


*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Electro-Chemical Products 
Cleveland 10, Ohio 
* Whitlock Associates, Inc., 
37, Mich 


Corp., 
Oak Park 


FILTERS 


Armour & Co., Armour Alliance Indus- 
tries, Alliance, Ohio 

Burkart, F., Mfg. Co., St. Louis 7, Mo. 

Dayco Corp., The, Dayton, Ohio 

—- Tool Works, Inc., Chicago 23, 
Ill, 

E-lectro-Chemical Products 
Cleveland 10, Ohio 

Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. 

Lincoln Engineering Co., St. Louis 20, 
Mo. 

*Marvel Engineering Co., Chicago, II. 
Perfecting Service Co., Charlotte, N. C. 
Perforated Products, Inc., Brookline 46, 

Mass. 
Sherwatt ~~. / & Mfg. Co., Inc., 
New York 7, N. Y. 


Corp., 


FLEXIBLE MATERIALS 
FOR MOLDS 


* Axel Plastics Research Laboratories, Long 
Island City 1, N. Y. 
Chemtron Fiber Glass Co., El Monte, 
Calif. 
Dennis Chemical Co., St. Louis 3, Mo. 
*Flexible Products Co., Marietta, Ga. 
* Hysol Corp., Olean, N. Y. 

*Pasley'’s Plastic 
18, Ga. 
*Rezolin, Inc., Santa Monica, Calif. 
Technicraft Co., Boston 34, Mass. 


Products, Inc., Atlanta 


FOILS, FOR MOLDED DECORATIVE 
PROCESS 


American Ornapress Corp., 


New York, 
Commercial Decal, Inc., Mt. 
N. Y. 


*Hastings & Co., Inc 
Pennsylvania 
Kaumagraph Co., 
Mulder & Zoon, 

Holland 
Ornapress A.G., Zurich, Switzerland 
*Paterson Parchment Paper Co., 
Pa. 


, Philadelphia 3, 


Wilmington 99, Del. 
N. V., Amsterdam, 


HEATING ELEMENTS 


A. Band and Cartridge 
B. Film-Type 
C. Infra-red 
*Akron Extruders, Akron 14, Ohio (A) 
Chromalox, Inc., +} * 8, Pa. (A, C) 


General Electric Co., Industrial Sales 
Offices, Schenectady 5, N. Y. (A, C) 
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Vernon, 


Bristol, 


Hotwatt, Inc., Danvers, Mass. (A) 
*lodustrial Heater Co., Inc., New tos 
N 
tation Control Corp., Dimsieghoen, 
* Injection Molders Supply Co., Clevelaat 
28, Ohio (A) 
New Jersey Thermex Co., Inc., Harri- 
son, N. J. (A, C) 
Ramco ng ent Corp., Div. of Ran- 
dall Mfg. Co., Inc., New York 59, 
if (A, B, C) 
Minneapolis 24, Minne- 
(C) 


kThermel, Inc., Franklin Park, Ill. (A) 
Vulean Electric Co., Danvers 32, ee 7" 
St. Louis 14, 


(A) 
‘o., Pittsburgh 8, 
(B) 


Re search, Inc., 


*Watlow Electric Mfg. Co., 


Mo. 
Wiegand, Edwin L., C 
Pa. 


HINGES, METAL 
*Geissel Mfg Co., Inc., Hillside, New 
Jersey 
*National Lock Co., Rockford, Ill. 


HOSE AND TUBING 
(Industrial) 


A. Flexible Metal 
B. Non-Metal 


Airconductors, Gardena, Calif. (B) 
American Hard Rubber Co., Div. of 

Amerace Corp., Butler, N. J. (B) 
Bemis Bro. Bag Co., St. Louis 2, Mo. 


(B) 
Dekoron Products Div., Samuel Moore 
& Co., Mantua, Ohio 
Electro-Chemical Products Corp., 
Cleveland 10, Ohio (B) 
Flexaust Co., The, New York 17, N. Y. 
(A, B) 
Gray Co., Inc., Minneapolis 13, Minn. 
B 
Jodee Plastics, Inc., Brooklyn 8, N. Y. 
(B) 
*Johns-Manville, New York 16, New 
York (B) 
Lincoln Engineering Co., St. Louis 20, 
Mo. (B) 
Moore Chemical Corp., Inc., San Fran- 
cisco 10, Calif. (B) 
Munray Pigg; ve Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio (B) 
Packless Metal Hose, Inc., Mt. Vernon, 
N. Y. (A) 
Parker Fittings and Hose Div., Parker- 
Hannifin Corp., Cleveland i2, Ohio 
(B) 
Charlotte 6, 


Perfecting Service Co., 
N.C (A) 
Eliza- 
(B) 


Plastic Baaneeed Products Co., 
beth 1, 
Polymer one ‘of Pa., The, Reading, Pa. 
*Polypenco, Inc., Reading, Pennsylvania 
Porter, H. Co., Ine 
Philadelohia 24, Pa 
*Ravbestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. (B) 
Resistoflex Corp., Roseland, N. J. (B 
Soemtes Co., Inc., Long Island City 1, 
Skyline Industries, Titusville, Pennsyl- 
vania (B) 
Texstar Plastics, A Div. of The Texstar 
Corp., Fort Worth, Texas (A, B) 
United States Gasket Co., Plastics Div. 
of Garlock, Inc., Camden, New Jer- 
sey 


(B) 
*U. S. Stoneware Co., The, ee 


, Thermoid Div., 
) 


Ohio 


INKS FOR PRINTING PLASTICS 


Acheson Dispersed Pigments Co., Unit 
: t mane Industries, Philadel Iphia 
a 


*Acromark Co., The, Elizabeth 4, New 


ersey 

A once Process Supply Co., Chicago 12, 

American Lacquer Solvents Co., Phoe- 
nixville, Pa. 


*Apex Machine Co., College Point 56, 
N. Y. 
Atlas Coatings Corp., Long Island City 
a 


N. Y. 
Bell-Mark Corp., Newark 7 
Cc a — Inks, Inc., pol, Island 
ity, N. 
Custom Checatonle Co., Inc., E. Ruther- 
ford, N. J. 
Defiance Machine & Tool Co., St. Louis 


0, Mo. 
Flexabar Corp., Northvale, N. J. 
*Frank, J. P., Chemical & Plastic Corp, 
New York 18, N. Y. 
Div. of Sun 


General Printing Ink Co., 
Chemical Corp., New York 17, New 


York 
General Research & Supply Co., Grand 
Rapids 3, Mich. 
Gotham Ink & Color Co., Long Island 
City 1, N. Y. 
*Harwick Standard Chemical Co., Akron 


’ io 

Interchemical Corp., Color & Chemicals 
Div., Englewood, N. J. 

Interchemical Corp.., Finishes Div., New- 
ark 5, N. | 

Interchemica Corp., Printing Ink Diy., 
New York 36, N. Y. 

—— Eastern Co., New York 

Markem Machine Company, Keene, 
New Hampshire 

Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, 1. 

Paaeer, Homer W., & Co., Chicago 22, 


*Pasley’s Plastic Products, Inc., Atlanta 
18, Ga. 

Pee Industrial Finishes Corp., Af 
liate of Atlas Coatings Corp., Long 
Island City, N. Y. 

Screen-O-Printer Mfg. Co., 
Mass. 

Suffolk Associates, Inc., New York 16, 

Y 


Inc., Ridgefield, New 


Jersey 

Vorac Co., The, Rutherford, N. J. 

Weber Marking Systems, Inc., Mt. 
Prospect, Tl. 

Wornow Process Paint Co., 
21, Calif. 


Adams, 


N. Y. 
Union Ink Co., 
Los Angeles 


INSERTS 


Airconductors, Gardena, Calif. 

Boots Aircraft Nut Corp., Div. of Town- 
send Co., Norwalk, Conn. 

*Danson, Barnett J., & Associates, Ltd, 

Toronto 12, Ont., Canada 

Fastener Products, Inc., Wilton, Conn. 

Florin, Ltd., London N.7, England 

Groov-Pin Corp., Ridgefield, N. J. 

Hassall, John, Inc., Westbury, N. Y. 

Jodee Plastics, Inc., Brooklyn 8, New 
Yor 


*Machinery Products Corp., Chicago 339, 
Maplewood Companies, Livingston, 
mS 
*National Lock Co., Rockford, Iil. 
Phelps Mfg. Div., Heli-Coil Corp. 
Danbury, Conn. 
Plastics Processing Co., Flint 1, Mich. 


(For complete addresses, see Alphabetical Index, p. 1179) 





JOINTS 


(Expansion, Flexible-Ball, Pipe, 
Revolving, Swivel, etc.) 


Barco Mfg. Co., Barrington, Ill. 

Chiksan Co., Brea, Calif. 

Crawford Fitting Co., Cleveland 10, 
Ohio 

Electro-Chemical Products 
Cleveland 10, Ohio _ 

*Liberty Machine Co., Inc., Paterson 4, 
N. J. 


Corp., 


Pe one Service Co., Charlotte 6, 
C. 


Plz nine Inc., Pompano Beach, Fila. 

Resistoflex Corp., Roseland, N. J. 

~- Engineering Co., Inc., Chicago 
$1, Il. 

Sealol, Inc., Providence 5, R. I. 

Seamlex Co., Inc., Long Island City 1, 
N. Y. 


KNIVES 


(For Cutters and Granulators) 


Birbach, L, E., Associates, Inc., Draco 
Div., Boston (Malden) 48, Mass. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 

Ferry Machine Co., Kent, Ohio 

Firth Sterling, Imc., Pittsburgh 30, 
Pennsylvania 

*Foremost Machine B 
ingston, N. J. 

aGeny Machine & Mold, Inc., 

*Judelshon, Oscar I., Inc., Jersey City 6, 
N 


Builders, Inc., Liv- 


Clifton, 


Keen-Edge Carbide Cutter Corp., Roselle 
Park, N. J. 
Lemmon & 
9, Mich. 
Meyers, W. F., Co., Inc., Bedford, Ind. 
Mitts & Merrill, Saginaw, Mich. 
Ohio Knife Co., The, Cincinnati 23, 
Ohio 
ore x Co., Inc., The, Garden City, 


Snoap Co., Grand Rapids 


Ponts Saw & Steel Co., Fitchburg, 

iss 

*Taylor, Stiles & Co., Riegelsville, New 
Jersey 

Victory Carbide Saw & Tool Co., Inc., 
Antioch, Ill. 

*Waldron-Hartig Div., Midland-Ross 
Corp., New Brunswick, N. J. 


LABELS, PRESSURE-SENSITIVE 
(Self-Adhesive, for Plastics) 


Allen Hollander Co., Inc., New York 
51, N. Y¥. 

Angell Mfg. Co., Dayton 1, Ohio 

Avery Label Co., Monrovia, Calif. 

Brady, W. H., Co., Milwaukee 9, Wis. 

aon - Enterprises, Inc., Rochester 9, 


Connecticut Hard Rubber Co., New 
Haven 10, Conn. 
Criterion Decaleomania Co., Inc., New 
York 17, N. Y. 
Dennison Mfg, Co., Framingham, Mass. 
— saeny Label Corp., Belleville 9, 


Fasson Products, Painesville, Ohio 

G & S Label Corp., New York 1, N. Y. 

Hi > Mee uae Meta Lite Corp., New 
Yor 
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6 -Stik Products, Inc., Chicago 31, 


Labelon Corp., Canandaigua, N. Y. 

Morgan Adhesives Co., The, Mac Tac 
Div., Stow, Ohio 

Pee Cee Tape & Label Co., Los 
Angeles 36, Calif. 

Printon Corp., New York 10, N. Y. 

Screen-O-Printer Mfg. Co., Adams, 
Mass. 

—— bgprentenion, Inc., Long Island 
ity 1 

Tompkins’ Label Service, Philadelphia 


Topflight Corp., York, Pa. 


Weber Marking Systems, Inc., Mt. 
Prospect, II. 


LAMPS 


(See also Driers and Preheaters, p. 1106) 


A. Infra-red 
B. Ultraviolet 


Cleveland Process Corp., Cleveland, 
Ohio A 
Fisher Scientific Co., Pittsburgh 19, Pa. 
A) 


* Lawter Chemicals, Inc., Chicago 45, 4 
B) 


Miskella Infra-Red Co., Inc., The, 
Cleveland 4, Ohio (A) 
Wiegand, Edwin L., Co., Pittsburgh 8, 
Pa. (A) 


MASKING PAPER AND TAPE 


Behr-Manning Co., Troy, N. Y. 

Bemis Bro. Bag Co., St. Louis 2, Mo. 
Brady, W. H., Co., Milwaukee 9, Wis. 
rey, Enterprises, Inc., Rochester 


a war Co., The, Niagara Falls, 


Hollywood Mills Meta Lite Corp., New 
York 11, N. Y. 


*Johns-Manville, New York 16, N. Y. 


Pee Cee Tape & Label Co., Los 
Angeles 36, Calif. 

Permacel, New Brunswick, N. J. 

Sawaya Mfg. Co., Inc., Trinidad, Colo. 

———- Tape Corp., New Rochelle, 


MATERIALS FOR MOLDS 


A. Gypsum 
B. Metal 
C. Plastic 


Accurate Match Plate Co., Inc., Chicago 
12, Il. (B) 
Alle -gheny iL udlum Steel Corp., Pitts- 
burgh 22, Pa. (B) 
Beryllium eng The, Reading, Pa. (B) 


* Bestwall Gypsum Co., Ardmore, Pa. (A) 


Bethlehem Steel Co., Bethlehem, Pa. 

(B) 

Brush Beryllium Co., The, ee ct 
Ohio 


*Cadillac Plastic & Chemical Co., De 


troit 3, Mich. (C) 
Carpenter Steel Co., The, Reading, SS 
B) 


*Cerro Sales Corp., Sub. of Cerro Corp., 
(B) 


New York 22, N. Y. 
Crucible Steel Co. of America, Pitts- 
burgh 30, Pa. (B, C) 
Damen Tool & Engineering Co., Inc., 
Chicago 31, Ill. 


*Flexible Products Co., Marietta, Ga. (C) 


SUPPLIES 


Heppenstall Co., Pittsburgh 1, Pa. ) 
i S. Steel Wars, Ltd., The C hiyode 


Latrobe by 2 ep E Lewin, Pa t 
Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. (C) 
Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. I. (C) 
* Newbury Industries, Inc., Newbury, 


io 

Ross r, Corp., Hatboro, Pa. (B) 
aStendeed eal Co., ‘Leominster, Men) 
Trico acres eereniie Corp., The, 
Cleveland 5, O (B) 
Uddeholm Co. me America, Inc., New 
York 17, N. Y. B 
*United States Gypsum Co., Chicago 6, 


ll . (A, 
Vanadium-Alloys Steel Co., Latrobe, 
Pa. (B) 


MOLD CLEANING COMPOUNDS 


American Rotary Tools Co:, Inc., Great 
Neck, N. 

Brulin & Co., Inc., Sg 7, Ind. 

Composition "Materials Co., Inc., New 
York 36, N. 

Dytex Chemical Co., 
Rhode Island 

Hanson-Van Winkle-Munning Co., Mat- 
awan, N. 

Lord Chemical om Sub. of Wheela- 
brator Corp., York, Pa. 

Metachem vt vg Mereco Prod- 
ucts Div., Cranston 10, R. I. 

Miller, Harry, Corp., Philadelphia 40, 
Pennsylvania 

Oakite Products, Inc., New York 6, 

Research Sales, Inc., Suffern, N. Y. 

Sirotta, Bernard, Co., Brooklyn 31, 
N. Y. 

*Supersonic Blast, Inc., Div. of American 
Technical Machinery Corp., Mt. Ver- 
non, N. Y. 

Swift & Co., Chicago 9, III. 


Providence 3, 


MOLD RELEASE AGENTS 
(Mold Lubricants) 


*Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, Inc., New 
Brunswick, N. J. 

Alframine Corp., Paterson 4, N. J. 

* Allied Chemical Cap. Plastics Div., 
New York 6, N. 

* Antara Chemicals, i Div. of General 
Aniline & Film Corp., New York 14, 
N. Y. 

in, Hoffman & Co., Inc., Providence, 
R. 

* Axel Festi Research Laboratories, Long 

Island City 1, N. Y. 
B. B. Chemical Co., 
Mass. 

*Badische Aniline & Soda-Fabrik AG, 

Ludwigshafen/Rhine, West Germany 

Baker Castor Oil Co., The, Bayonne, 
New Jersey 

Biggs, Carl H., Co., Inc., Santa Monica, 
Calif. 

Borco Chemicals, Inc., Chicago 41, Ill. 

Brulin & Co., Inc., Indianapolis 7, Ind. 

Chemical Development Corp., Danvers, 
Mass. 

Chemical & Engineering Associates, 
Elkton, Md. 

Chemical Industries, Unit of E. F. Van 
Winkle Co., Pasadena, Calif. 

*Chemische Werke Hiils, A.G., Marl 
(Kreis Recklinghausen), West Ger- 
many 


Cambridge 39, 











SUPPLIES 


Chem-Trend, Brighton, Mich. 
Coen Fiber Glass Co., El Monte, 
i 
Conap, Inc., Allegany, N. Y. 
*Danson, Barnett J., & Associates, Ltd., 
Toronto 12, Ont., Canada 
Dennis Chemical Co., St. Louis 3, Mo. 
*Deutsche Advance Produktion GmbH, 
Bensheim, West Germany 
Deveon Corp., Danvers, Mass. 
*Dow Chemical Co., The, Midland, 
Mich. 
Dow Corning Corp., Midland, Mich. 
*du Pont, E. I., de Nemours & Co., Inc 
Wilmington 98, Del. 
hare Chemical Co., Providence 8, R. I. 
Electrofilm, Inc., N. Hollywood, Calif. 
~ n Products Co., Inc., Stony Point, 
Y. 
Emer Industries, Inc., 
10 
*Farbenfabriken-Bayer, A.G., Leverkusen, 
West Germany 
Term Corp., Color Div., Cleveland 5, 
rio 
*Fine Organics, Inc., Lodi, N. J. 
*Flexible Products Co., Marietta, Ga. 
*Franklin Mineral Products Co., Franklin, 
N.C 


Cincinnati 2, 


Garan Chemical Corp., Gardena, Calif. 
*Geigy Industrial Chemicals, Yonkers, 
N. ¥ 


General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 
General Mills, Inc., Specialty Products 
Div., Minneapolis 26, Minn. 
Glyco Chemicals, Div. of Chas. L. Huis- 
king & Co., Inc., New York 16, N. Y. 
Harms, Pere. E., Co., Northfield, Ill. 
ey: Standard Chemical Co., Akron 
5, Ohio 
*Hayden Mica Co., Wilmington, Mass. 


Houghton, E. F., & Co., Philadelphia 
33, Pa. 
*Hysol Corp., Olean, N. Y. 
* Imperial Chemical Industries, Ltd., 


Millbank, London S.W.1, England 
Industrial & Domestic Silicones Dis- 
tributor, Reseda, Calif 


*Injection Molders Supply Co., Cleve- 
land 28, Ohio 
Interchemical Corp., Finishes Div., 


Newark, N. J. 
Kenwood Plastics, Washington, D. C. 
Koppers Co., Inc., Chemicals & Dye- 
stuffs Div., Pittsburgh 19, Pa. 
*Krieger Color & Chemical Co., Inc., 
Hollywood 88, Calif. 
Lakeside Plastics Co., Inc., Oshkosh, 
Wis 
Lami-Plast Products Co., Tampa 3, Fla. 
Lanair Co., Chicago 10, TL 
Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. 


Lebec Chemical Corp., Paramount, 
Calif. 

Lunn Laminates, Inc., Huntington 
Station, N. Y. 


*Lupoline Automatic ones Equip- 
ment Corp., Bronx 70, N 


Mallinckrodt Chemical Tatas St. Louis 
z 


, Mo. 
*McKesson & Robbins, Inc., 

Dept., New York 17, N. Y 

Merix Chemical Co., Chicago 49, IIl. 

Metachem Resins Corp., Mesaee Prod- 
ucts Div., Cranston 10, 

Midland Adhesive & Chemie Corp., 
Ferndale 20, Mich. 

Miller, Harry, Corp., Philadelphia 40, Pa. 


Miller- Mm gid Chemical Co., Inc., S. 
Norwal 


A Rand Mfg. Corp., 


Chemical 


New York 


Mobil Oil Co., A Div. of Socony Mobil 
Oil Co., Inc., New York 17, N. Y. 
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Mol Rez Div., American Pevodhemtens 
Corp., Minneapolis 18, M 
*National Lead Co., New York. 6, New 
or 
Nopco Chemical Co., Newark, N. J. 
Nopco Chemical Co., Richmond, 
*Nuodex Products Co., Div. of He den 
cme Chemical Corp., Eliza 


Oukite Products, Inc., New York, N. Y. 
et Chemical Corp., Jersey City 2, 


Para ucts Div., Foundry Rubber, 
Inc., Washington 16, D. 
Pennayive vania Refining Co., Cleveland 


Plasteel ‘ie, ., Inkster, Mich. 
*Plastic Engineering & Chemical Co., 
Fort Lauderdale, Fla. 
*Plastic Molders Supply Co., Inc., Fan- 


wood, N. J. 
*Plastics Color Co., Inc., Chatham, N. J. 
Price- Detoows Corp., Farmingdale, New 
Yo 
asf, 2 Co., Inc., The, Garden City, 
Ren Plastics, Inc., Lansing 9, Mich. 
Research Sales, Inc., Suffern, N. Y. 
— Chemical, Inc., Wilmington 99, 


Garden Grove, 
Calif. 


*Rezolin, Inc., Santa Monica, Calif. 
Schwartz Chemical Co., Inc., Long 
Island City 1, N. Y. 
Shanco Plastics & Chemicals, Inc., 
Tonawanda, N. 
—— -On Mfg. Co., 


Rexco’ Chemical Co., 


Jersey City 4, 


es ie aad Products Co., Jersey City 2 


Sprits, Lynbrook, New York 

Sun Oil Co., Philadelphia 3, Pa. 
Swift & Co., Chicago 9, IIl. 

Swift & Co., Hammond, Ind. 
Seats Chemicals, Inc., Paterson 4, 


#Synthetic Products Co., Cleveland 12, 
io 
Technicraft Co., Boston 34, Mass. 


*Thoreson-McCosh, Inc., Detroit 19, 
Mich. 

Tylene Plastics, Inc., Michigan City, 
Ind. 


Union Carbide Chemicals Co., Div. of 
Me a Carbide Corp., New York, 
Union Carbide Corp., Silicones Div., 

New York 17, N. Y. 
a States Gypsum Co., Chicago 6, 


* Whittaker, Clark & Daniels, Inc., New 
York 7, N. Y. 
*Wilson-Martin, Div. of Wilson & Co., 
Inc., Philadelphia 48, Pa. 
*Witco <7 Co., Inc., New York 
17, N. 
Wye locates Boston 27, Mass. 





MOLDS, MATERIALS FOR 
(See Materials for Molds, above) 


OIL, HEAT TRANSFER AND 
HYDRAULIC 


—— Conmtent Co., The, Midland, 
ich, 
Dow Corning Corp., Midland, Mich. 
*Farbenfabriken-Bayer, A.G., Leverkusen, 
West mg 5 
Houghton, E. 
33, Pa. 


, & Co., Philadelphia 





Minnesota Mining & Mfg. Co., Chemical 
Div., St. Paul 6, Minn. 

Mobil Oil Co., A Div. of Socony Mobil 
Oil Co., Inc., New York 17, N. Y 

Pennsylvania Refining Co., Clovelind 

Texaco, Inc., New York 17, N. + 

Union "Carbide Chemicals Co., Div. of 
une Carbide Corp., New Yor ‘17, 

Union Carbide Corp., Silicones Div., 
New York 17, N. Y. 

Union Oil Co. of California, Los 
Angeles 54, Calif. 

Wee. Edwin L., Co., Pittsburgh 8, 


PACKING, HYDRAULIC 


Doré, John L., Company, Houston 7, 
Texas 
*Hochman Plastics Machinery Corp., 
Newark 2, N. J. 
Houghton, E. F., & Co., Philadelphia 
33, Pa. 
*Johns-Manville, New York 16, N. Y. 
Regpeen teshetim, Inc., Passaic, 


J 
*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. 
United States Gasket Co., Plastics Div. 
of Garlock, Inc., Camden, N. J. 


PARTITIONS, PACKAGING 


Acme Partition Co., Newark, N. J. 

Balsa Ecuador Lumber Corp., New 
York 36, N. Y. 

Convoy, Inc., Canton 6, Ohio 

Hankins Container Co., Div. of The 
Flintkote Co., Cleveland 35, Ohio 

Hawley Products C ‘o., St. Charles, Ill. 

Hinde & Dauch Div., West Virginia 
Pulp & Paper Co., "Sandusky, Ohio 

Microcell, Ltd., London W.C. 2, Eng- 
land ; 

Peter Partition Corp., Brooklyn, New 
York 

Plastofilm, Inc., Wheaton, Ill. 


PIPE JOINT COMPOUNDS 


American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N. J 
Bonny Mfg. Corp., Maynard, Mass. 
Dennis Chemical Co., St. Louis 3, Mo. 
*Flexible Products Co., Marietta, Ga. 
*Johns-Manville, New York 16, New York 
*Lake Chemical Co., Chicago 12, Ill. 
Minnesota Mining & Mfg. Co., Chemical 
Div., St. Paul 6, Minn. 
Permacel, New Brunswick, N. J. 


PURGING COMPOUNDS 


Amco Plastics Processors, Inc., Jamaica 
12, N. Y. 

*Gerin Plastics, Div. of Studebaker- 
Packard Corp. Kenilworth, N. J. 
Hirtz, Walter E., Plastics Materials, 

Inc., Pasadena 3,C Calif. 
Injection, Mc 7 Supply Co., Cleve- 


*Plastic Shion Supply Co., Inc., Fan- 
wood, N. 
Western Plastic & Rubber Co., Rich- 
mond, 
Wye Industries, Boston 27, Mass. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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RELEASE PAPERS 


Daubert Chemical Co., Con icoge, | Ill. 
Fasson Products, P. 
KVP Sutherland Panes Co., : 


Mich, 
Ludlow Plastics, Needham Heights 94, 
Mass. 
Morgan Adhesives Co., The, Mac Tac 
Div., Stow, Ohio 
Bristol, 


#Paterson Parchment Paper Co., 

Rhinelander Paper Co., Div. ¢ St. Regis 
Paper Co., Rhinelander 

#Riegel Paper Corp., ‘New “York 17, 
N. Y. 


ROLL LEAF 
(Stamping Foil) 
*Ackerman Gould Co., Inc 


N 


., Oceanside, 
= * 
*Acromark Co., 


The, Elizabeth 4, New 
Jersey 
*xAdmiral Coated Products, Inc., Hacken- 
sack, N. J. 
ite Roll Leaf, Hackensack, New 
Jer 
All | Purpose Roll Leaf Corp., 


Paramus, 
J. 

tAves Machine Co., 
, a 


College Point 56, 
Deflance Machine & Tool Co., St. 


Louis 10, Mo. 
anh Laboratories, 


Inc., Westwood, 
N. J. 
*C eneral Roll Leaf Mfg. Co., 
Y. 


Elmhurst 


Griffin, Compe, Hares, Walsh, Inc., 
New York 10, N 
as a Kwikprint Co., Jacksonville, 


F 
a ~via & Co., Inc., Philadelphia 3, 


ary Chemical Co., Inc., New York 


*Kensol-Olsenmark, Inc., New York 13, 


<hoey Machine Co., Hollywood 38, 


+Pecres Roll Leaf Co., Union City, 

Printon Corp., New York 10, N. Y 

Superior Roll Leaf Manufacturers, Inc., 
er Me N. J. 

*Swift, . & Sons, Inc., Hartford 1, 
Come 


Timadco, Inc., Mineola, N. Y. 


ROLLERS, FOR ROLLER COATING 

me x Machine Co., College Point 56, 

* Axe] Plicties ay & fabenientes, Long 
Island ee 

*Cylinder Mfg. Co 

Dayco Corp., The, Da 

*Finish Engineering Co., 
Pennsylvania 
International Engraving Corp., Cedar 
Grove, N. J. 

Modern Engraving & Machine Co., 
Hillside, N. i. 

Pamarco, Inc., oselle, N. J. 
hannon, willexander J.. Co., The, 
Fonda, my é 

Stowe- Woodward, Inc., Newton Upper 
Falls 64, Mass. 

Tyer Rubber Co., Andover, Mass. 

Weiss, Albert, Mestine Co., Inc., 
Brooklyn 32, N. 

*Zimmer Plastic Gabi, Offenbach/ 
Main, West Germany 
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Inc., Erie, 


SAW BLADES 
(Including Carbide Tipped Saws) 


Atkins Saw ~ Warner Corp., 
Indianapo 3% int 


Clemson — ~ Middletown, N. Y. 
Econom Diamond Tool Co., New York 
National Watch Co., Abrasives 
Elgin, Il. 
_— Ma Co., Kent, Ohio 
* Forrest Mig. Co., Inc., Rutherford, N. J. 
Handicraft Tools, Inc., Div. of X-acto, 
Inc., Long Island City 1, N. Y. 
*Judelshon, Oscar L, Inc., Jersey City 6, 
Keen- 


ge Carbide Cutter Corp., Roselle 
Park, N. J 


Lemmon & Snoap Co., Grand Rapids 
9, Mich. 

Meyers, W. F., Co., Inc., Bedford, Ind. 

Motch & Merryweather Machinery Co., 
The, Cleveland 17, Ohio 

| American Products Corp., Jasper, 

Simonds Saw & Steel Co., Fitchburg, 


ass. 
Sten _ Matinee Co., Inc., Manlius, 


Victory Carbide Saw & Tool Co., Inc., 
Antioch, Ill. 


SCREWS 


(Drive, Thread Cutting, 
Thread Forming, etc.) 


Central Screw Co., Chicago 9, III. 

Chicago Screw Co., The, Div. of Stand- 
ard Screw Co., Bellwood, Til. 

Continental Screw Co., New Bedford, 


Mass. 
Electro-Chemical Products 
Cleveland 10, Ohio 
Hartford Machine Screw Co., Div. of 
Standard Screw Co., Hartford 2, 
Conn. 
Hassall, John, Inc., Westbury, N 
*National Lock Co., Rockford, inn 
Pheoll Mfg. Co., Inc., Chicago, IIl. 
Southern Screw "Co., ’Statesvi le, N. C. 
Standard Screw Co., Bellwood, Ii. 
Western Automatic Machine Screw Co., 
The, Div. of Standard Screw Co., 
Elyria, Ohio 


Corp., 


SCREWS, EXTRUDER 


(See Extruder Screws, above) 


SPRAY MASKS 
*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio 
— Associate Engineers, New York 
Clear View Plastics Corp., Poplar Bluff, 
0. 
AGegeting Matrix Corp., Toledo 11, 
hio 
*Finish Engineering Co., Inc., Erie, Pa. 
— Willins M., Inc., Brooklyn 32, 
sPitinh: Mig: eed . am. Ga. 


Go, EV, V. x. 40, Il. 
H., & Co., Pittsburgh 


oT. 
Paropon Plastic Corp., New York 12, 

N. Y. 
Inc., Brooklyn 37, 
Premier Plastics Co., Milwaukee 4, Wis. 


Piaget, Piating Co., 


SUPPLIES 


Servwell Products Co., Cleveland 3, 
Staff Die Cutting Co., New York 10, 

sThierica Studio, Inc., Grand Rapids 5, 
Timely’ Products Co., Des Moines 15, 
Towaiight Corp., York, Pa. 


SPRAY PAINTING FIXTURES 
Arse Sprvetate Engineers, New York 


Atkiaris Nite Co., hig 22, %. 
Bricmar Mfg. ork, N. 
ae =~ aot Corp., Toledo i 


*Finish En ea ol Co., Inc., Erie, Pa. 
i m M Inc., Brooklyn 32, 


srlexbie Pagducte Co., Marietta, Ga. 
Jay, T. V., . Chicago 40, 
AEP Cos., Livingston, N. J. 
Plastic Corp. of "Chicago, Lyons, Ill. 
Screen-O-Printer Mfg. Co., Adams, 


Mass. 
iognee Associates, Grand Rapids 


5, Mich. 
*Thierica Studio, Inc., Grand Rapids 5, 
Mich. 


TOOLS, CARBIDE OR 
DIAMOND TIPPED 


Allegheny Ludlum Steel Corp., Pitts- 
burgh 22, Pa. 
American Rotary Tools Co., Inc., Great 


Neck, N. Y. 

Diamond ee Research Co., Inc., New 
York 10, N 

ae Diamond Tool Co., New York 


Ele " National you Co., Abrasives 
iv., Elgin, Il. 

Firth Sterling, Ie. Pittsburgh 30, Pa. 

Kramer, H. W., Co., Inc., R Richmond 
Hill is, a we 

Lemmon & Snoap Co., Grand Rapids 
9, Mich. 

Meyers, W. F., Co., Inc., Bedford, Ind. 

North American Products Corp., Jasper, 


Pratt & Whitney Co., Inc., W. Hart- 
ford 1, Conn. 
"Marshall Laboratories, Inc., 


Lyndhurst, N. J. 
-% Industries, Inc., Philadelphia 
Super Tool Co., Div. of Van Norman 
Industries, Detroit 13, Mich. 
Victory Carbide Saw & Tool Co., Inc., 
Antioch, Il. 


TUMBLING MEDIA 
(Abrasive, Compounds, and Pegs) 


Agrashell, Inc., Los Angeles 22, Calif. 
Copegeien Co., The, Niagara Falls, 


Composition Materials Co., Inc., New 
York 36, N. Y. 

Dytex Chemical Co., Providence 3, R. L 

Krainer, . W., Co., Inc., Richmond 
Hill 18, N. Y. 

Lord Chemical oa Sub. of Wheela- 
brator Corp., Yor 


*Lupoline Automatic Polishing Equip- 
Sn a Bronx 70, N 


ment Corp., 
Miller, Harry, Corp., Philadelphia 40, Pa. 
Norton Co., Worcester 6, Mass. 


Pangborn Corp.. Hagerstown, Md. 
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SUPPLIES 


Petteses Foundry & Machine Co., 
“* A woe, 
Sibert, K 


Ohio 
R., Co., The, Rochester 4, 


Sirotta, Bernard, Company, Brooklyn, 
New York 

*Supersonic Blast, Inc., Div. of American 
— Machinery Corp., Mt. Ver- 


non, N. 

Ti-Co ae Inc., Tipton, Ind. 
Tumb-L-Matic, Inc., Stamford, Conn. 
United Laboratories’ Co., Linden, New 


oe —. Corporation, Mishawaka, 
me 


TUNGSTEN COILS AND 
STRANDS 


*General Electric Co., Lamp Metals & 
Cc Componcnte Dept., Cleveland 17, 


*NRC Equipment Corp., Newton 61, 

ass, 

Sylvania Electric Products, Inc., Chemi- 
= & Metallurgical Div., Towanda, 


Mass 
Aitedianen Plastics Machine Con” 
Ta, B 


VALVES 


A. Diaphragm 
B. Hydraulic 
C. Pneumatic 


Airmatic Valve, Inc., Cleveland 9, Ohio 


( ? B, 
American Hard Rubber Co., Div. o' 
Amerace Corp., Butler, N. J. (A ba 
American —_— Co., Inc., 


Sprin © 
Bele Vahecte Div. of IBEC, Akron 9 


Ohio A, B, 3 
EN High Vacuum, Inc., Niagara 
Fa 
General Machine Co. of New J 
Newark 12, . J. 
Goodrich, B. F., Industrial Products 
Co., Akron 18, Ohio (A, B, C) 
a Engineering Works, Chica 4 22, 
I 


B, C) 
Hannifin Co., Div. of Parker-Hannifin 

Corp., Des "Plaines, I C) 
Hi h_ Vacuum oh Corp., Hint) 


Newark 2, N. J. 


7 Plastic Fabricators, prvead 
Leaite Co., ee N. ¢ (A, Be 
Modernair 
Oilgear Co., The, sateiie 4 we’ (B 
is. 
Powers Regulator Co., The, Skokie 34, 
Il. “) 
Sawaya Mfg. Co., Inc., Trinidad, 8 
*Sinclair-Collins Valve Co., The, Div. of 
Skyline Indt 
a 
Watts Regulator Co., Lawrence, <a 


WIPE-IN PAINTS 
(Stick Form) 
Keeler & Long, Inc., Waterbury, Conn. 
*Lake Chemical Co., cago 12, Il. 
Markal Co., Chicago 12, I 


*Mico Instrument , Cambridge 38, 
Mass. 








Specialized Services 








ABRASIVE FORMING 
bony Plastic Co., Inc., Brooklyn 1, 


Chemtron Fiber Glass Co., El Monte, 
Calif. 
Chicago Wood & Plastic Products, Chi- 
cago 41, Ill. 
Curry Arts, Scranton 9, Pa. 
*Engineering Laboratories, Inc., Pomp- 
ton Lakes, N. J. 
*Glebar Co., Inc., Franklin Lakes, N. J. 
*Orange Products, Inc., Orange, N. J 


BLOW MOLDING 


A & B Plastics, Div. of Plastic Supply 
Corp., Seattle 9, Wash. 

AAA, Plastic Co., New York 17, N. Y. 

Adams Plastic Products, Cincinnati 14, 
Ohio 

Advanced Casting Corp., Brooklyn, N. Y. 

Airfix Industries, Ltd., London S.W.18, 
England 

Air-Formed Products Corp., Sub. of 
Bemis Bro. Bag Co., Nashua, N. H. 

a Saati Sales Co., New York 23, 


Alds Re Inc., New York 13, N. Y. 
Allied Plastics Supply Corp., New York 
N. Y. 


38, iN. . 

American Cellular Corp., The, Miami 56, 
Fla. 

* Axel Plastics Research Laboratories, Long 

Island City 1, N. Y. 

Bedford Products, Inc., Roanoke, Va. 

Belon Chemical Co., Inc., Cranston 10, 
a. £ 
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oom Molding Co., Inc., Addison, 


Bricmar Mfg. Corp., New York, N. Y. 
*Cadillac Plastic & “Chemical Co., De- 
troit 3, Mich. 
Campro Co., The, Canton 1, Ohio 
= Plastics Co., Royal Container 
Newark 2, N. 
Chanal Plastics Corp.., ego Park, N. Y. 
ete, Studio, Hopewell Junction, 
N 


Continental Plastics of Oklahoma, Okla- 
homa City 5, Okla. 
Crystal-X Corp., Lenni Mills, Pa. 
Danish Plastics, Copenhagen, Denmark 
Daylite Industries, Brooklyn 11, N. Y. 
Decatur Plastic, Inc., Decatur, Ala. 
*DeWitt Plastics Div., Shoe Form Co., 
Inc., Auburn, N. Y. 
Di Pierro Mfg. Co., Shrewsbury, Mass. 
*Dillon-Beck Mfg. Co., Hillside, N. J. 
Dive ee Industries, Inc., Trenton, 
S. 
Reipee Plastic Industries, Inc., Sarasota, 
Fla 
Eee + Eageag Co., Inc., Newark 


Eljay Corp., Baltimore 16, Md. 
*European Plastic Machinery AB, Mal- 
moe, Sweden 
*Foster Grant Co., Inc., 
Mass. 
*General Plastics Corp., Marion, Ind. 
Gilbert Plastics & Supply Co., Balti- 
more 3, Md. 
Gotham Industries, Inc., Chicago 10, Iil. 
*Goulding Mfg. Co., Saginaw, Mich. 
Harva Co., Inc., The, Schoharie, N. Y. 
Haveg Industries, Inc., Blow Molding 
Div., Bound Brook, N. J. 
Houston Plastics Products, Inc., Hous- 
ton 21, Texas 


Leominster, 


Industrial Sales Engineers, New York 
i: pe 

Injection Molding Co., Kansas City 30, 
Mo. 

Injection Molding Corp., New York 3, 


sacs Plastics, Inc., Brooklyn 8, 4 ! 

ust Plastics, inc., New York 34, N 

K & M Plastic Co., Maywood, i. 

Kapgo Plastics Corp. Manchester, N. H. 

Kusan, Inc., Nashvi Tenn. 

Laminated Sheet Products Corp., Nor- 
wood, Mass 

Leedpa k, Inc., New York 19, 

Libbert Plastics, Inc., Fort esi 14, 
Texas 

Me om & Co., Dallas 7, Texas 

Loma Industries, Ft. Worth 10, Texas 

Lorraine Plastic Industries, Robbins- 
ville, N. J. 

Lustra-Cite Industries, Inc., Brooklyn 
1) i ey A 


Lus-Trus Corp., Ypsilanti, se -] 
Madan Plastics, Inc., Cranford, N AR 
Mahl Sales Corp., Bronx, N. Y. 
Majestic ~— Products, Inc., Hol- 
brook, N. 
Many, J., & oi. New York 13, N. Y. 
Marion General Plastics Co., Subsid- 
iary of General Plastics Corp., Long 
Beach 6, Calif. 
Maynard Plastics Co., 


Mines Plastics Corp., St. Paul 17, 
Mitchell Plastics, Inc., Pittsburgh 12, 
tMobley, Edward L., Co., Wadsworth, 
Abilene Corp., The, Cambridge 39, 
Nalge Go., Inc., The, Rochester 2, N. Y. 


Northeastern Plastics, Inc., Boston 10, 
Mass. 


Inc., Salem, 
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Nosco Plastics, Inc., Erie, P 
es Process Plastics, Inc., ll York 11, 


7 
Olympis Plastics Co., Inc., Los Angeles 
16, if. 
Owens Plastics Co., The, Kansas City 26, 


Mo. 
Owens-Illinois Glass Co., Plastics Div., 
Toledo 1, Ohio 
Pam Co., Portland 9 
Peerless Plastics, Sts City, Calif. 
Pioneer Valley Plastics Co., Chicopee, 


Mass. 
Plastic Academy Products Corp., Leom- 
inster, Mass. 
Plastic ‘Assembled Products, Inc., Balti- 
more 6, Md. 
—_ Engineering Co., 
I, 


rh ttohe Corp., New York 51, N. Y. 

Plastics Extrusion Corp., Columbus 22, 
Ohio 

Plast-O-Matic Corp., Leominster, Mass. 

Plax Corp., Hartford 1, Conn. 

Princess Plastics, Brooklyn 15, N. Y. 

Walled Lake, 


Pawtucket, 


Reynolds Plastics, Inc., 
Mich. 

Rosbro Plastics Corp., Pawtucket, R. 

Sajar Plastics, Inc., Middlefield, Ohio 

Sema Plastic Products Corp., Rego Park 
74, N. Y. 

Star Plastic 
Mass. 

Tico Plastics, Inc., 
York 

Ultra Plastics, Inc., Philadelphia 30, Pa. 

Victory Mfg. Corp., Chicago 12, Il. 

Wachter Plastic Co., Sacramento 14, 
Calif. 

Wheaton Plastics Co., 
N. J. 

— Mfg. Co., Inc., 

y 


Specialties, Boston 10, 


New York 11, New 


Mays Landing, 
New York 3, 


Ww ‘ome Plastic Container Corp., Brook- 
lyn 11, N. Y. 

Wirz, A. H., Inc., Chester, Pa. 
Woodall Industries, Inc., Detroit 34, 
Mich. 
Zarn, Inc., 


Reidsville, N. C 


CASTING 


A & B Plastics, >. of Plastic Supply 
Corp., Seattle 9 he Wash. 
Brooklyn ¥ ¥ 


Advanced Castin 
Applied Resins oat N. Caldwell, 
lestown, Pa. 


Arbonite Corp. 
ucts Co., Cleveland 
13, Ohio 


Argo Plastic 
& Merrill, Inc., Reinforced 
Plastics Div., Marlboro, Mass. 
Atlas Plastics, Inc., Buffalo 10, N. Y. 
Atti Engineering Corp., Union City, 
N 


* Axel Plastics Research Laboratories, Long 
Island City 1, N. Y. 
Bacon & Weber, Chicago 22, Ill. 
Bar-Lo ‘in Products, Inc., New York 
Baxter Co., The, Cincinnati 2, Ohio 
— Design Associates, Irvington 11, 


Boonton Molding Co., Boonton, N. J. 

Bricmar Mfg. Corp., New York, N. Y. 

Brilhart Plastics Corp., Mineola, N. Y. 

*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 

Cast Plastics, Inc., Glen Cove, N. Y. 


Chemical & Engineering Associates, 
Elkton, Md. 


Che smtron Fiber Glass Co., El Monte, 


Calif. 


kiIndicates Advertiser 


Clearfloat, Inc., a, Mass. 
Conap, Inc., Allegany 
*Conneaut Rubber & & "Plastics Co., Con- 
neaut, Ohio 

Couroc of A ong Mostavoy, Calif. 
Crystal-X 

Dama Plastics inc., $ rivafeld, Pa. 
Danish P' Denmark 
Dineadoad Plastics Corp., Hialeah, Fla. 
eh Industries, Inc., Mt. Vernon, 


Distindiive Embedments, Inc., 
dence 6, R. I 

Electronic Components Div., Telecom- 
puting Cane, Van Nuys, Calif. 

Eljay Corp., Baltimore 16, Md. 

ome & Cuming, Inc., 


Foston M. J.. & Co., Inc., 
21, N. 


General Machine & Tool 
Walled Lake, Mich. 

Glasflex, Inc., Stirlin 

Hanley Plastics Co., &. Leonie 17, Mo. 

Hanszen Plastics Co., Dallas 10, Texas 

Hartig Extruders, Waldron-Harti vp D Ny 
Midland-Ross Corp., Westfiel 

io Powder Co... Inc. Earlosives 

Wilmington ‘" Del. 
Hysol 7, Olean, N 

Industrial Plastic supply Div., 
trial Safety Supply 
Hartford 10, ux 

Industrial Sales Engineers, New York 
i7, © 


Provi- 


Canton, 
Brooklyn 
Works, 


Indus- 
Co., Inc., Ww. 


International Plastic Co., New York 29, 
N. Y 


Jodee Plastics, * og Brooklyn 8, N. Y. 
a" -— , The, New York 7, 
N. 


L& : “Tool Co., Cincinnati 25, Ohio 

Lawrence Adhesive & Chemical Co., 
nc., Lawrence, Mass. 

Leon Chemical Industries, Inc., 
Rapids, Mich. 

Lumar Optical Mfg. Co., 
Vernon, N. Y. 

Lustra-Cite Industries, Inc., 


Grand 
Inc., Mount 
Brooklyn 


Madan Plastics, Inc., Cranford, N. J. 


Maynard Plastics Co., Inc., Salem, 
Mass. 


Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. I. 

a ap Plastics, Inc., Pittsburgh 12, 
a 


nae ag | Div., Novo Indus- 
trial Corp., Phi adelphia 36, Pa. 


Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio 


Penn- Plastics Corp., Glenside, Pa. 
Plastic Corp. of Chicago, Lyons, IIl. 
Plastic Rotocast Co., Chicago 5, IIl. 
Plastics by Hoover, Huntington, W. Va. 
ae Co., Long Island City 1, 


Plastronic Engineering Co., Marlbor- 
ough, Mass. 


*Producto Machine Co., The, Bridgeport, 
Conn. 


Quelcor, Inc., Chester, Pa. 
Repco, Inc., Jefferson, Mass. 


Reynolds Plastics, Inc., Walled Lake, 
Mich. 


*Rezolin, Inc., Santa Monica, Calif. 
Santay Eastern, Inc., Syracuse 4, N. Y. 
Sarcol roa & Pattern Corp., Chi- 

cago 

*Sierra Electric Corp., Gardena, Calif. 
Sierracin Corp., The, Burbank, Calif. 
Skeist Laboratories, Inc., Newark 2, N. J. 

*Superior Plastics, Inc., Chicago 12, IIl. 
Tuff-Clad, Inc., Kent, Ohio 


SPECIALIZED SERVICES 


U. S. Plastic Molding Co Walling- 
ford, Conn hein . 


Universal Unlimited, Inc., Glen Cove, 


N. 

Westech Engineering, Santa Clara, 

Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 

ww Precision Laboratories, Bronx, 


COATING 
Dip Coating 
Extrusion Laminating 
Flame Spraying 
Soiution Coating 
Specialized Coating on 
Equipment 
F. Spread Coating 
G. Roller Coating 


A.A.A, Plastic Co., New York 17, N. 3} 
iow we com Products Com, Val 
allied Engineering & Prodction Ci 

Alameda, Calif ) 
—- Pam one ie g~ 


N. Y. , D, F) 
Po Durafilm Co., Inc., Newton 
Lower Falls, Mass. (A, D, E) 
American Si Co., Div. of St. Regi 
Paper Co., Attleboro, Mass. fB) 
*Amos Molded Plastics Div., Amos- 
pson Corp., Edinburg, Ind. ‘C} 
Arbonite Comp., lestown, Pa. 
Associated Rubber & Plastic Gn. 
New York 51, N. Y. (D, F G) 
7 ~ Mineral Products Co., Mertztown, 


(A) 
Atlee Plastics, Inc., Buffalo 10, N. Y. 


) 
Auburn Plastics, Inc., Auburn, N. Y. & 
* Axel Plastics Research Laboratories, oa 
Island City 1, N. Y. (A, D 
B & T Plastic Finishing Co., Evanston, 
Til. (E, G) 
a George F., Inc., Providence 
(A) 


Biggs, Carl H., Co., Inc., Santa Monica, 
Calif. A) 
Bischoff Chemical 
Myte 
BoMyte Co., The, Silverdale, Pa. (A, D 


Corp., Ivoryton, 


Bortman Plastics ‘Co., Boston 11, Mass. 


(D, 
Bostrom Corp., Milwaukee 4, Wis. wo 
a Seen, Inc., Rochester 


» N.Y. (D, 
Brutier Product Co., Inc., Secaucus, 


N. J. 
CT. ms Div., Studebaker-Packard on 
Cincinnati 15, Ohio fF 
Cartiere Ambrogio Binda S.p.A., Milan, 
Italy (D, E, G) 
Chemical & Engineering Associates, 
Elkton, Md. (A, D) 
Clear View Plastics Corp., Pola 


Bluff, Mo. 
Cotes Products, Inc., Englenon’s 


Colaba Mills, Inc., The, Syracuse P 


Oman Coated Fabrics Corp., Co- 
lumbus 16, Ohio (D, F) 
Contour Packaging Co., Manayunk, Phil- 
adelphia 27, Pa. (F) 
Dama Plastics, Inc., Springfield, Pa. (A) 
a, Joseph, Plastics Co., Kearn 


B} 


Daylite Industries, Brooklyn 11, New 
York 





SPECIALIZED SERVICES 


Dewey & Almy Chemical Div., W. R. 
Grace & Co. Endura Products 


akertown, ‘Pa. D) 
Ditensional stics Corp., Hialeah, Fl 
Electro Plastic Fabrics, Inc., 


Va. ( 
Electro-Technical Products Div., Sun 
Chemical Corp., Nutley 10, N. 4 


(A, 
Engineered Plastics, Inc., Gibsonville 


N. C. 
_- Corp., Sub. of Sun Chemi 
Paterson 20, N. J. (B) 
alle Viollow Staybolt Co., Cayahoms 
Falls, Ohio 
Farrington Texol Corp., » Walpole, New 


Fassler, M. J., & Co., Inc., Brooklyn 
21,N.Y D 


Flexcon Co., Inc., Spencer, Mass. 0) 
— Packaging Div., Continent 
Can Co., Inc., Mt. Vernon, Ohio 
A, B, D) 


Franklin Fibre-Lamitex Corp.. Wil- 
mington 99, Del. (A) 

C eH Herman A., Co., a rs 
N. 

G LS Plastics Corp., Sutera N. e} 


Glassoloid Corp. of America, Clifton 


N. J. , E, F) 
Gomar Mfg. Co., Inc., Linden, N. J. 


Gordon-Lacey Chemical Products, Inc., 
Maspeth 78, N. Y. (D, F) 
Gusmer, A., Inc., Woodbridge, N. 


*H & R Plastics Industries, Inc., come 
Pa 

ee Plastics Co., St. Louis 17, Mo, 

*Hastings & Co., Inc., Philadelphia 3, 
P 


a. 

Heil Process Equipment Corp., Cleve- 
land 11, Ohio (A, D) 

Herculite Protective Fabrics, Newark 
7, N. 


Hero Mfg. Co., Inc., Middleboro, Mass 


Hodgman Rubber Co., Framingham, 
Mass. > 


Industrial Coatings Co., York, Pa. (A) 
i Plastic Coating Corp., Peuea 
N. J. 


Industrial Plastic Supply Div., Indus- 
trial Safety Supply Co., Inc., Ww. 
Hartford 10, Conn. (A) 


Industrial Sales Engineers, New York 
17, N. Y. (A) 
International Plastic Co., New York 29, 
N. Y. (A 


Jacobson, S. I., Mfg. Co., Cine 5, 
Il. ( 


Jamestown Finishes, Inc., Jamestown, 
N. Y F 


Joclin Mfg. Co., Wallingford, Conn. 
(A, D) 

Jodee Plastics, Inc., Brooklyn 8, N.Y 
) 


L & P Tool Co., Cincinnati 25, One 
A 
Lamex, Inc., Norcross, Ga. (B) 


Lami-Plast Products Co., i 
Fla. 


Lawrence Adhesive & a » Toa 
Inc., Lawrence, Mass. (A, D D) 


Leathertene, Inc., Boston 14, Mass. (F) 


Leon Chemical Industries, Inc., Grand 
Rapids, Mich. (A) 


Liberty Engineering & Mfg. Co. 
Louisville 10, Ky. (A) 


Lithgow hemes Los Angeles 65, Calif. 
(A, E) 


% Indicates Advertiser 
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ucts Div. Cranston 10, RT (A, E) 
ane idland Coatings, Inc., Minneapo 


Minn. 
kMitchell Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. (A) 
Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio (A, B 
Nashua Corp., Nashua, N. H. (B 
Natvar Corp., Woodbridge, N. J. 


New Plastic Corp., Los Angeles 38, 
Calif (B 
Chelsea, 
Mass. (F) 
ORaiven Rubber Corp., eeneay 

a. 
Pace, F. C., Co., Grand Rapids, a. 
Poses Chemical Co., Midland Park 

N. J. 
Parisian Novelty Co., Chicago 9, * 
*Pasley’s Plastic Products, Inc., Atlanta 
18, Ga. (A, D) 
Pelmor Laboratories, Inc., Newtown, 
A 


Pa. ( 
Plastic Industries, Inc., Athens, To 


Novelty Bias Binding Co., 


Plastic Inlays, Inc., Summit, pA. 
Plastic Papers, Inc., Hicksville, 


Plastic Suppliers, Blackwood, N. fp 
Plastic Suppliers and Manufacturers, 
Baton Rouge, C) 
Plastics Engineering of Hawaii, Inc., 
Honolulu 14, Hawaii (A, D, E) 
Plastonics, Inc., E. Hartford 8, Conn. 
A, C, E) 
Plastronic Bageewing Co., Marlbor- 
ough, A 
Plectron Go.. Overton, Neb. 
Polykote, Inc., ‘Cleveland 3, Ohio (A, a 
Polymer Corp., The, Whirlclad Div., 
Reading, Pa. (A) 
Pelynperiang Enterprises, Inc., Tulsa, 
(A, D, E) 
e .. 5m United, Inc., Union, N. J. 
(A, D, F) 


Precision Coating Co., Inc., Needham 
Heights 94, Mass. (A, D, E) 
Premier Vacuum Process Corp., Mas- 


peth 78, N. Y. (A) 
Peeeeie, Inc., Long Island City 1, 
N. (D, F 
sae Corp., New York 10, N. Y. 
(A, D, F) 
Pyramid Industrial Den Corp., 
New York 55, N. Y A, 


Pyrotex Co., Inc., Leominster, Mass. 
A, D, F) 
Quelcor, Inc., Chester, Pa. (A, D, F) 


Rand Rubber Co., Brooklyn 16, N. PS 
F) 


Rawsan Corp., Hialeah, Fla. (A) 
Raybestos-Manhattan, Inc., Stratford, 
Conn. (A, D) 
Regal Plating Co., Benton Harbor, 
Mich. (A) 
Reinhardt Plastics Co., Denver 2, Colo. 
*Rie 5 Paper Corp., New York eC 


m A. Process Corp., Roselle, N. J. (F) 
*Sandman, Eli, Co., pn 9, Mass. 


A, D, F) 
Santa Barbara Plastics, Sub. of Narmco 
Industries, Inc., Calif. (F) 


Sawaya Mfg. Co., Inc., Trinidad, Colo, 

A 
Schjddabl, G. T, Co, N 
Scho Process Corp., Port Washingt 


(A 
Seal-Peel, Inc., Royal Oak 3, Mich. (A 
—~ "Coating Corp., New R ‘ 
(D, E, F, G} 
wscutem Plastics Co., Columbia at 


Sparling Plastic Industries, Inc., Det 
16, Mich, (A, F 
Steere Enterprises, Inc., Akron On, 


A 
Stowe-Woodward, Inc., Newton ties : 
Falls 64, ~_ 


se oy be, . q ( 
ynthon, tone, 3 F 
Tetrafluor, Inc., inewod | Cai, 7 


Emad Inc., Denver 3, Colo. (A) 
Charles W., 2. Philadelphia 


(F 
ntti Inc., Kent, Ohio (A, q 
*U. S. Polymeric Chemicals, Inc., Stam- 

ford, Conn. (A, D) 
*U. S. Stoneware Co., The, Tallmadge 


Ohio 
Woodall Industries, Inc., 
Mich. 


*Zimmer Plastic GmbH, Offenbach/ 
Main, West Germany (B, C, G) 


COMPOUNDING 
A.A.A. Plastic Co., New York de .: . 
Acheson 


Pigments \ 
o x Acheson Industries, Philodelohn 
Acro Chemica Products Corp., Long 


Valley J. 

Adcote eaten ale Inc., Elk Grove, Ill. 
Allied Resins, Inc., Conneaut, Ohio 
*Alpha Chemical & Plastics Corp., New- 

ark 5, N. J. 
Amco ~— Processors, Inc., Jamaica 
12, N. 
* American “siti Powder & Chemical 
Corp., Brooklyn 6, N. Y. 
American ated BR Corp., Union, 


N. J. 

American Vinyl Corp., Brooklyn 37, 
New York 

Auburn Plastics, Inc., Auburn, 

a ye Claude P., Inc., "Ridigctield 


Park, 
Cad Hi Co., Inc., Santa Monica, 


, The, Canton, Mass. 

” Co., Buffalo 10, N. Y. 
Bortman Plastics. Co., Boston 11, Mass. 
Builders Products, Inc., Manville, N. J. 
Carver Corp., ‘ Norwood, Mass. 
a Development Corp., Danvers, 


Chemical & Engineering Associates, 
Elkton, Md. 
Chemical Industries, Unit of E. F. Van 
inkle Co., Pasadena, Calif. 
Peon whe Inc., Cincinnati 22, Ohio 
Collins, Caldwell '& Dague, Inc., Para- 
mount, 

Conap, Inc., Allegany, N. Y. 

*Conneaut Rubber & Plastics Co., Con- 
neaut, Ohio 

*Cooke rang & Chemical Co., Hack- 
ettstown, N. 

Co-Polymer Chemicals, Inc., 
Mich. 


Coz Chemical Corp., Northbridge, 
Mass. 


Custom Chemicals Co., Inc., E. Ruth- 
erford, N. J. 
= Nitrate Co., Inc., New York 6, 


Livonia, 


(For complete addresses, see Alphabetical Index, p. 1179) 





*Davis, Joseph, Piastics Co., Kearny, 
N. J. 

Dreyfus, L. A., Co., South Plainfield, 
N. J. 

Dytex Chemical Co., Providence 3, 
R. I 


astern ‘we Materials, Inc., Slaters- 
ville, R. 

Electronic Macnee Div., Tele- 
computing Corp., Van Nuys, Calif. 

Elton, Ted, N. White Plains, N. Y. 

Erie ’Plastics Co., Inc., Erie, Pa. 

Farrington Texol Corp:, Walpole, Mass. 

Fassler, M. J., & Co., Inc., Brooklyn 
21, N. ¥. 


Flexible Products Co., Marietta, Ga. 
Forest Plastics, Inc., New Hyde Park, 
N. ¥ 


*Garfield Mfg. Co., Wallington, N. J. 
*Gering Plastics, Div. of Studebaker- 
Packard Corp., Kenilworth, N. J. 
Gordon-Lacey oye Products, Inc., 

Maspeth 78, 
Goren, H. L., Asa a 26, Ill. 
Great American Plastics Co., Fitchburg, 
Mass. 
eee Plastics, Inc., Santa Monica, 


Heisler Corp., Wilmington 99, Del. 
Hirtz, Walter E., Plastics Materials, 
Inc., Poentene 3, Calif, 
*Holland, M., , Chicago, IIl. 
*Hysol Corp.., a, N. Y. 
Imperial Adhesives, Inc., Cincinnati 13, 
Ohio 
Industrial Sales Engineers, New York 
17, N. Y. 
Industrial Vinyls, Inc., Miami 42, Fla. 
J] & B Plastics Co., Inc., Fairfield, 
Iowa 
Joclin Mfg. Co., Wallingford, Conn. 
Jodee Plastics, inc., Brooklyn 8, N. Y. 
Kapgo Plastics Corp., Mz anchester, N. H. 
Key Polymer Corp., Lawrence, Mass. 
L & P Tool Co., Cincinnati 25, Ohio 
aakeside Plastics Co., Inc., Oshkosh, 
Wis 
ami-Plast Products Co., 
Fla. 
Lavorazione Materie Plastiche, S. A. S., 
Torino, Italy 
tawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. 
Leepoxy Plastics, New Haven, Ind. 
Linder, D., Plastics, Inc., Erie, Pa. 
Lithgrow Corp., Los Angeles 65, Calif. 
Magnolia Plastics, Inc., Chamblee, Ga. 
Maine Molding Products, Boothbay 
Harbor, Maine 
Marbek, Inc., Brooklyn 22, N. Y. 
Maynard Plastics Co., Inc., Salem, 
Mass 
*Mayon Plastics, Hopkins, Minn. 
Mc Cormack Rubber Co., Ridgefield 
Park, N. 
Metachem Resins Corp., Mereco Prod- 
ucts Div., Cranston 10, R. L 
Miller-Stephenson Chemical Co., Inc., 
S. Norwalk, Conn. 
Mitchell Bent Mfg. Corp., New York 
1) oo 
Meceainal Plastics, Asbury Park, N. J. 
Multiplastics, Wallingford, Conn. 
Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio 
*Nypel Corp., W. Conshohocken, Pa. 
Omnifarious, New York 38, N. Y. 
*Pasley’s Plastic Products, Inc., Atlanta 
18, Ga. 
es Laboratories, Inc., 
a; 


Plastic Materials, Inc., Hicksville, N. Y. 


Indicates Advertiser 


Tampa 3, 


Newtown, 


*Schulman, 


Pa. 
*Zimmer Plastic GmbH, 


*Ace Plastic Co., 


Plastic Molding Powders, Inc., Kearny, 
N. 
Plastronic a ata Co., Marlbor- 


aPicng® of Chemical Corp., Philadelphia 


37, 
Plymouth Industrial Products, Inc., 


She Wis 
Poly-Cell Plastics Co., Smithtown, N. Y. 
Polykote, Inc., Cleveland 3, Ohio 
Pol ner Chemical Co., Cincinnati 12, 


io 

Premier eae Plastics Co., Jefferson- 
town, 

Rand uth r Co., Brooklyn 16, N. Y. 

Rarolite Chemical Co., Middlesex, N. J. 

Reed Plastics Corp. 2 Worcester 8, 


Mass. 
Ren Plastics, Inc., Lansing 9, Mich. 
Resin ny Div., Fenwal, Inc., Ash- 
land, Mass. 
Resinwood Mfg. Co.,-Brea, Calif. 


*Rezolin, Inc., Santa Monica, Calif. 
*Rubber Corp. of America, Hicksville, 


N. Y. 
Schramm ies lass Products, Inc., 
nee 5 8, 
Inc., ’ Akron, Ohio 
ate, Philip & Sons, Inc., Buffalo 6, 
Y. 


Sibert R. R., Co., The, Rochester 4, 

Skeist | ES Inc., Newark 2, N. J. 

Southwest Chemical & Plastics Co., 
Seabrook, Texas 

Steelcote Mg. Co., St. Louis 3, Mo. 

Success Plastics Corp., Indianapolis 6, 
Ind. 

Taylor Custom Compounding Co., Erie, 


a. 
Westchester Plastics, Inc., Mamaroneck, 
N. Y 


* Windsor, R. H., Ltd., Chessington, 


England 


*Woloch, George, Co., Inc., New York 11, 
N. Y 


Yates Co., Erie, 


Offenbach/ 
Main, West Germany 


CONSULTANTS 


Names of consultants may be obtained 
from Consulting Chemists & Chemical 
Engineers, Inc., 50 E. 41st St., New 
York 17, N. Y 


CUSTOM DECORATORS 


A.A.A. Plastic Co., New York 

A & B Plastics, Div. of Plastic Supply 
Corp., Seattle 

A.B.S. Mfg. Co., Inc., New York 

Accurate Gold Stamping Co., Inc., New 
York 

amaica 35, N. Y. 

Ace ong gg? Molding Corp., Long Island 
City 1, 

Acme he & Plastics Co.,-Inc., 
Detroit 


*Acromark Co., The, Elizabeth 4, N. J. 


Aeroplastics Corp., Venice, Calif. 


*Akron Presform Mold Co., The, Cuya- 


hoga Falls, Ohio 

Alda Plastics, Inc., New York 

All Plastics Corp., Avon-By-The-Sea, 
N. J 


Allegheny Plastics, Inc., Coraopolis, Pa. 


Allied Engraving & Stamping Co., Buf- 
falo 10, N. Y. 


Allied Plastics Supply Corp., New York 


Allied Plasti-Lite Enterprises, Inc., S 
Louis 4, Mo. 


Ambassador Arts, New York 
American Plasticraft Co., New York 


SPECIALIZED SERVICES 


Ameriplastic Co., Inc., The, Flint 7 
Mich, 


*Amos Molded Plastics Div., Amos- 


Thompson Corp., Edinburg, Ind. 
Amplast, Inc., New Yo 9 


tk 
Amplex Mfg. Co., Philadelphia 


*Andover In ustries, Inc., Sub. of Erie 


Resistor Corp., Andover, Ohio 
A -4 Plastics, Inc., Brooklyn 32, 


Art aisles Co., N. Bergen, N. J. 
Art Plastic Mfg. Co., Los Angeles 
Artmor Plastics Corp., Cumberland, Md. 
Ansar Rubber & Plastic Corp., New 
or 
Atlantic Plastics, Inc., Stamford, Conn. 
Atlas Plastics, Inc., Little Ferry, N. J. 
Augusta Piastics, Inc., Bronx 69, N. Y. 
Austin Industries, Inc., Marlboro, Mass. 
B CF T Plastic F inishing Co., Evanston, 


Babco, Inc., Chicago 
Bar-Lo Vinyl Products, Inc., New York 
Bastian Bros. Co., Rochester 1, N. Y. 


Baumgart!’s, George is Engravings, 
Belleville, 

Bedford Prides Inc., Roanoke, Va. 

as ar George F., Inc., Providence 

Bernard mam “1. aes Corp., Long 
Island City 1 

Bishop, Robert B., ‘9 Chicago 

a Molding Co., Inc., Addison, 


Bolling Industries, Inc., Scranton 5, Pa. 

Borkland Laboratories, Marion, Ind. 

Bricmar Mfg. Corp., New York 

Bridgeport Moulded Products, Inc., 
Fairfield, Conn. 


Brilhart Plastics Corp., Mineola, N. Y 

Brockton Plastics, Inc., Brockton, Mass. 

Burlington Molding Corp., Burlington, 
C. 


By rd Pl. astics, Inc., Erie, Pa. 

Campro Co., The, Canton 1, Ohio 
Canton Containers, Inc., Canton 7, Ohio 
Capitol Plastics Co., Lansing, Mich, 
Carpart Plastics, Inc., Owosso, Mich. 


*Carroll, J. B., Co., Chicago 


Celanese Plastics Co., Royal Container 
Div., Newark 2, N ‘}. 

Chaney Plastic Molding Co., Denver 

Chatelain Plastics, Findlay, Ohio 

Chicago Price Tag Mfg. Co., Chicago 

Claremould Plastics Co., Newark 5, N. J. 

= View Plastics Corp., Poplar Bluff, 
Mo. 

Coating Products, Inc., Englewood, N. J. 


*Colorite Industrial Dyers, New York 


Colts Plastics Co., Inc., N. Grosvenor- 
dale, Conn. 

Colvin-Friedman Co., Springfield, N. J. 

Commercial Plastics Co., Chicago 


*Como Plastics, Inc., Columbus, Ind. 


Conn-Craft Co., Waterbury 5, Conn. 

Consolidated Plastics & Mfg. Co., Chi- 
cago 

Continental Extrusion Corp., Brooklyn 
Le a 

Couroc of Monterey, Monterey, Calif. 

Cowan Plastics Products Corp., Provi- 
dence 9, R. I. 

Crook, William A., Inc., Watertown 72, 
Mass. 

Crystal Plastic, Inc., Brooklyn 5, N. Y. 

Crystal-X Corp., Lenni Mills, Pa. 

Curry Arts, Scranton 9, Pa. 

Ome! Merchandise Corp., Brooklyn 1, 
N 


D & G Plastics Co., Kent, Ohio 

Daniels-Kummer Engraving Co., Addi- 
son, Til. 

Danish Plastics, Copenhagen, Denmark 


*Davies, Harry, Molding Co., Chicago 


Dayton Rogers Mfg. Co., Minneapolis 
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SPECIALIZED SERVICES 


*Decotone Products Div., Fitchburg 
Paper Co., Fitchburg, Mass. 

Defiance Machine & Tool Co., St. Louis 

Delkay Plastics Corp., Gardena, Calif. 

Dennison Mfg. Co., Framingham, Mass. 

Denver Plastics, Inc., Golden, Colo. 

Diamond Plastic Industries, Inc., Roa- 
noke, Va. 

Dickmont Plastics Corp., Stamford, 
Conn. 

Double D Plastics, Greenville, Mich. 

Dumais, Joseph F., Co., Fall River, 
Mass. 

Dura Plastics of New York, Inc., New 
York 

Dura-Lee Corp., Kansas City, Kan. 

Dytex Chemical Co., Providence 3, R. 1. 

Eagle Affiliates, Inc., Sub. of Admiral 
Plastics Corp., Brooklyn 8, N. Y. 

Eagle Molding Corp., Brooklyn 15, N. Y. 

Edwards High Vacuum, Inc., Niagara 
Falls, N. Y. 

Electric Auto-Lite Co., The, General 
Products Group, Toledo 

Electro Plastics Corp., Dallas 

Electrochemical Industries, Inc., Wor- 
cester 3, Mass. 

Eljay Corp., Baltimore 

*Emeloid sd Inc., The, Hillside 5, N. J. 

Engineered Plastics, Inc., Gibsonville, 
N. C, 

Equitable Paper Bag Co., Inc., Long 
Island City 1, N. Y. 

Evans-Zeier Plastic Co., Madison 4, Wis. 

Excel Plastic Mfg. Corp., New York 

F & F Mold & Die Works, Inc., Day- 
ton, Ohio 

Fabri-Form Co., The, Byesville, Ohio 

Fabri-Kal Corp., Kalamazoo, Mich. 

Fawn Plastics Co., Inc., Timonium, Md. 

Federal Tool Corp., Chicago 

Fiberform, Inc., Oconomowoc, Wis. 

Fiore, William M., Inc., Brooklyn 32, 
N. Y 


Flex Products Corp., Rutherford, N. J. 

Fiexcon Co., Inc., Spencer, Mass. 

Flexible Packaging Div., Continental 
Can Co., Inc., Mt. Vernon, Ohio 

Formica Corp., The, Cincinnati 

Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. 

Fried Novelties, Brooklyn 19, N. Y. 

Fryling Electric Products, Holly 
Springs, Miss. 

Futura, Inc., Chicago 

G & S Label Corp., New York 

G. M. C. Process Corp., New York 

Garray Plastics, Inc., Kearny, N. J. 

*General American Transportation 

Corp., Plastics Div., Chicago 

“Cae Industries Co., The, Elyria, 

io 

General Machine & Tool Works, 
Walled Lake, Mich. 

*General Plastics Corp., Marion, Ind. 

General Research & Supply Co., Grand 
Rapids 

Gilbert Plastics & Supply Co., Balti- 
more 

Gits, J. A., Plastic Corp., Roselle, Il. 

Gits, J. P., Molding Corp., Chicago 

Glassoloid Corp. of America, Clifton, 


Goodren Products Corp., Englewood, 
N 


Gordon-Lacey Chemical Products, Inc., 
Maspeth 78, N. Y. 


Gotham Plastics Corp., Bronx 51, N. Y. 

Hanley Plastics Co., St. Louis 

ep E-Den Engravers, Brooklyn §8, 
N. Y. 


Indicates Advertiser 


Hartland Plastics, Inc., Hartland, Wis. 
Harva Co., Inc., The, Schoharie, N. Y. 
hiladelphi 


*Hastings & Co., Inc., PI 


~~. Protective Fabrics, Newark 7, 

Hermes Sage ers, Inc., New York 

Hero Mfg. Co., Inc., Middleboro, Mass. 

Hodgman Rubber Co., Framingham, 
Mass. 

Hollis Press, Inc., The, New York 


*Hopp Plastics, Div. of The Hopp Press, 


Inc., New York 

Hy-Sil Mfg. Co., Revere, Mass. 

Ideal Plastics, Div. of Ideal Toy Corp., 
Hollis 23, N. Y. 

Imperial Industries, Inc., Wayne, Mich. 

Industrial Marking Equipment Co., 
Inc., Brooklyn 8, N. Y. 

Industrial Plastic Supply Div., Indus- 
trial Safety Bhs « Co., Inc., W. 
Hartford 10, Conn. 

Industrial Printed Parts Corp., Royal 
Oak, Mich. 

Insulating Fabricators of New England, 
Inc., Watertown 72, Mass. 

International Plastic Co., New York 


*Jacobs, H. G., Mfg. Co., Inc., Paterson 
9 


Jacobson, S. I., Mfg. Co., Chicago 
James Industries, Inc., Paoli, Pa. 
Jamison Plastic Corp., N. Bellmore, 


N. Y. 
Jay Moulding Corp., Cohoes, N. Y. 
Jodee Plastics, Inc., Brooklyn 8, N. Y. 
Joliet Plastic, Inc., Joliet, Il. 
Kapgo Plastics Corp., Manchester, 


Kaufman Glass Co., Plastic Div., Wil- 
mington 99, Del. 

Kehr Products Co., Philadelphia 

Kent Plastics Corp., Evansville 10, Ind. 

Kerrco, Lincoln 7, Neb. 

Keystone Packaging Service, Inc., Phil- 
lipsburg, N. J. 

Kingman, E. B., Co., Leominster, Mass. 

— Plastics Co., Inc., Kansas City, 
Mo. 

Kusan, Inc., Nashville, Tenn. 

Laminated Sheet Products Corp., Nor- 
wood, Mass. 

Leathertone, Inc., Boston 

Libbert Plastics, Inc., Fort Worth 14, 


exas 
*Lincoln Molded Plastics, Inc., Circle- 


ville, Ohio 
Long, Thomas J., Inc., Carle Place, 
NY 


Lorraine Plastic Industries, Robbins- 
ville, N. J 

Ludascher, William C., Eddington, Pa. 

Lustra-Cite Industries, Inc., Brooklyn 
11, N. Y 


Madan Plastics, Inc., Cranford, N. J. 


Maine Molding Products, Boothbay 
Harbor, Maine 


Majestic Creations, Inc., Woodside 77, 
N. Y. 


Malco Plastics, Inc., Baltimore 


Mankato Paper Box Co., Mankato, 
Minn. 


Marbek, Inc., Brooklyn 22, N. Y. 
Marion General Plastics Co., Sub. of 


General Plastics Corp., Long Beach 
6, Calif. 


Maynard Plastics Co., Inc., Salem, 
Mass. 


Mechanical Engraving Co., Inc., New 
York 


Mehl Mfg. Co., Cincinnati 

Midland Coatings, Inc., Minneapolis 
Midland Plastics, Inc., Milwaukee 
Milmar Plastics, Inc., Hagerstown, Md. 
Mitchell Plastics, Inc., Pittsburgh 


Hillside, 
Moldcraft, Inc., Baltimore 
Moldcraft’ Products, Inc., Baltimore 
Monaplastics, Inc., Georgetown, Conn, 
Monkley Corp.» Worcester 8, Mass. 
a ae rp., The, Cambridge 39, 
ass. 
Motson, J. Frank, Co., Flourtown, Pa, 
Mueller, Ernest, Angeles 
Multicraft, Inc., Hillside, Ill. 
Nashua Corp., Nashua, N. H. 
New England Laboratories, Inc., Ips- 
wich, Mass. 
Niagara Plastics Co., Erie, Pa. 
Nichols Products Co., Inc., Moores- 
town, N. J. 
Norco Plastic, Inc., Milwaukee 
North Star Industries, Inc., Minneapolis 
Nosco Plastics, Inc., Erie, Pa. 
Novelty Bias Binding Co., Chelsea, 
Mass. 
Syeaple Plastics Co., Inc., Los Angeles 
a - ivan Rubber Corp., Winchester, 
a. 
Owens-Illinois Glass Co., Plastics Divy., 
Toledo 
P.O.P. Displays, Inc., Glendale, N. Y, 
Paper Converting Machine Co., Green 
Bay, Wis. 
Paragon Plastic Corp., New York 
Parisian Novelty Co., Chicago 
Parker Plastics Corp., Pittsburgh 
*Pasley’s Plastic Products, Inc., Atlanta 
Patti-Plastics Corp., Newark, N. J. 
Pearee Simpson, Inc., Molded Plastics 
Div., Miami 
Penn-Plastics Corp., Glenside, Pa. 
Perma Seal Plastic Products Co., St. 


Modern a Ae & Machine Co, 


Pau 
Premenent Label Corp., Bloomfield, 


Permonite Mfg. Co., Chicago 

Pierson Plastic Mfg. Co., St. Louis 

Pioneer Valley Plastics Co., Chicopee, 
Mass. 

Pitman Plastic Products, Inc., Pitman, 


N. J. 
Piet Mating Co., Inc., Brooklyn 37, 


Plast-Ad Mfg. Co., South Bend, Ind. 
Plastic % Metallizing Corp., Brooklyn 


Plastic Center, Rochester 4, N. Y. 
Plastic Converters, Inc., Homewood, Ill. 
Plastic Engineering Co. of Tulsa, Tulsa 
Plastics Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 
Plastic Film Co., Inc., New York 
Plastic Industries, Inc., Athens, Tenn. 
Plastic Inlays, Inc., Summit, N. J. 


Plastic Masters, Inc., New Buffalo, 
Mich. 


Plastic Parts Corp., Toledo 

Plastic Precision Parts Co., Chicago 
Plastic Service Corp., New York 
Plastic Suppliers & Mfrs., Baton Rouge 
Plastics by Chapman, Richmond, Calif. 
Plastics by Hoover, Huntington, W. Va. 
Plastics Processing Co., Flint 1, Mich. 
Plastiplate Co., Inc., S. River, N. J. 
Platecraft, Inc., Los Angeles 

Polo Plastics Co., Milwaukee 

— Products, Inc., Paterson 4, 


Poly-Kote, Inc., N. Attleboro, Mass. 
Polymer Corp. of Pa., The, Reading, Pa. 
Polyneering Enterprises, Inc., Tulsa 
*Polypenco, Inc., Reading, Pa. 

Polyplastex United, Inc., Union, N. J. 
Possis Machine Corp., Minneapolis 
Premier Plastic Mfg. Co., Minneapolis 
Premier Plastics Co., Milwaukee 


Premier Vacuum Process Corp., Mas- 
peth 78, N. Y. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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printloid, Inc., Long Island City 1, 
N. Y. 


Printon Corp., New York 

Product Engineering & Development 
Co., Hopkins, Minn. 

Prolon Plastics, Florence, Mass. 

Protective Lining Corp., Brooklyn 31, 


N. Y. 

Pyramid Industrial Finishing Corp., 
New York 

Rainbow Plastic Products, Inc., Minne- 
apolis 

Rand Rubber Co., ee 16, N. Y 

Rawsan Corp., Hialeah, Fla 

Rayon Processing Co. of R. L., Paw- 
tucket, R. I. 

Regal Plating Co., Benton Harbor, 

ich. 

meinhandl. J. A., Co., Mountain Home, 
Pa 

Reinhardt Plastics Co., Denver 

Revnolds Plastics, Inc., Walled Lake, 
Mich. 

Ridge Printing Co., Inc., Ridgefield, 


Rie as Paper Corp., New York 

Rogers Mfg. Co., The, Rockfall, Conn. 
Roltex Process Corp., Roselle, N. J. 
Romer Plastics, Inc., St. Charles, Ill. 
Rosbro Plastics Corp., Pawtucket, R. I. 
Ross, Milton, Co., The, Hatboro, Pa. 
Roysons, Inc., Cedar Grove, N. J. 


Rudd Plastic Fabrics Corp., Brooklyn 
20, N. Y. 


S-K-W Mfg. Co., Chicago 

S-L-M Plastics, Avenel, N. J 

Sampson Chemical & Pigment Corp., 
Chicago 

Santay Corp., Chicago 

Santay Eastern, Inc., Syracuse 4, N. Y. 

Sawaya Mfg. Co., Inc., Trinidad, Colo. 

Scheid] Mfg. Co., Copiague, N. Y. 

Screen-O-Printer Mfg. Co., Adams, 
Mass. 

Sealy Plastics Corp., Rockville, Conn. 

Seattle Plastic Laminators, Seattle 

Sharpe Plastics, Inc., Sudbury, Mass. 

Shasta Mfg. Co., Berkeley Heights, 


She ie Printers, Detroit 
kSierra Electric Corp., Gardena, Calif. 
Siicocks Miller Co., The, Maplewood, 


Pat od Plastic Products, Inc., Brook- 
lyn 18, N. 
Sinko Mfg. & Tool Co., Chicago 


Slee Plastic Products Co., Brooklyn 5, 


Y. 
Sh Steel Stamps, Inc., New York 
South Salem Studios, S. Salem, N. Y. 


aT Sales Corp., St. Peters- 
yur 


Souths =m Plastic Products Co., Riviera 
Beach, Fla. 

Southwestern Plastics, Inc., Houston 

Space Products, Long Beach 5, Calif. 

Sparling Plastic Industries, Inc., Detroit 

Springfield Fabricators, Inc., Spring- 


eld, N. J. 
angie Moulders, Inc., 
ass. 
Springfield Tool & Die Co., Inc., 
Springfield, N. J. 
Star Mfg. Co., Leominster, Mass. 
Stensgaard, W. L., & Associates, Inc., 
Chicago 
Stricker-Brunhuber Corp., New York 
Sua Plastic, Inc., Cuyahoga Falls, Ohio 
Sun Steel Co., Chicago 
*Superior Plastics, Inc., Chicago 
Synthon, Inc., Cambridge 42, Mass. 
a Plastic Molders, Syracuse 2, 


Monson, 


Tech-Art Plastics Co., Morristown, N. J. 
* Indicates Advertiser 


Techni aph, Winona, Minn. 
Thermold Corp., Manlius, N. Y. 


*Thierica Studio, ane Grand Rapids 


Things, Inc., Denve 

Thomas, Charles Ww. Inc., Ehiedeiphie 
Thompson Air Plastics, Mineola, N. Y 
Tico Plastics, Inc., New York 
Timely Products Co., Des Moines 
Topflight Corp., York, Pa. 
Transplastics Corp., Cambridge 42, 


Mass. 
Tri-State Plastic Molding Co., Hender- 


son, Ky. 

Tumble-Buff Laboratories, Inc., Ja- 
maica 33, N. Y. 

Ultra Plastics, Inc., Philadelphia 

United Fabricators & Electronics, Inc., 
Stillwater, Minn. 

United Mask & Novelty Co., Inc., Glen- 
dale, N. Y. 

Universal Molding, Inc., Upper San- 
dusky, Ohio 

Universal Unlimited, Inc., Glen Cove, 


N. 
Vac-Art, Inc., Bay City, Mich. 
Vacuum Plastics Corp., Columbus 22, 


Ohio 
Valley-National Corp., The, Milldale, 


onn, 

Velveray Corp., New York 

Vernon Plastics Corp., Lynn, Mass. 

Victory Plastics Co., Hudson, Mass. 

Virginia Plak Co., New York 

Vogel Mfg. Co., The, Bridgeport 1, 
Conn. 

Wachter Plastic Co., Sacramento 

Wama Co., The, Baltimore 

Weber Marking Systems, Inc., Mt. 
Prospect, IIL 

Welch Plastics & Mfg. Co., Inc., Co- 
lumbus 8, Ohio 

Wellington Print Works, Inc., Trenton, 


Wessel, Stanley, & Co., Chicago 

Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 

Willco Plastics, St. Louis 

Willson Camera Co., Havertown, Pa. 

Wolverine Plastics, Inc., Milan, Mich. 

Woodall Industries, Inc., Detroit 


Zenith Plastics of Michigan, Inc., Ypsi- 
lanti, Mich 


DESIGNERS, INDUSTRIAL 


Names of industrial designers may be 
obtained from American Society of In- 
dustrial —e 48 E. 49th St., New 
York 17, N. Y. 


DIE CUTTING PLASTIC 
SHEET STOCK 


A & B Plastics, Div. of Plastic Supply 
Corp., Seattle 9, Wash. 
A.A.A. Plastic Co., New York 17, N. Y. 
a Mfg. Co., Inc., New York ‘ll, 
4 


Able Steel Rule Die Co., New York 
12, N. Y. 

Accurate Steel Rule Die Mfrs., New 
York 10, 

Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 

Air-O-Plastik Corp., Union City, N. J. 

Allegheny Plastics, Inc., Coraopolis, Pa. 

Allied Engraving & Stamping Co., Buf- 
falo 10, N. Y. 

Amos-Burke Plastics, Syracuse 11, N. Y. 


Atti Engineering Corp., Union City, 


N. J. 
Bedford Products, Inc., Roanoke, Va. 


SPECIALIZED SERVICES 


Berkander, George F., Inc., Providence 


,o ome 

Blank, Arthur, & Co., In 
Mass. 

Brandywine Fibre Products Co., Wil- 
mington, 

—e Mfg. Corp., New York 13, 


c., Boston 15, 


Brockton Plastics, Inc., Brockton, Mass. 


*Cadillac Plastic & Chemical Co., De- 


troit 3, Mich. 


*Carroll, J. B., Co., Chicago 12, Il. 


Chicago Price Tag Mfg. Co., Chicago 
51, Ill . 


Colvin-Friedman Co., Springfield, N. J. 

Contour Packaging Co., Manayunk, Phil- 
adelphia 27, Pa. 

Crook, William A., Co., Inc., Water- 
town 72, Mass. 

Crystal Plastic, Inc., Brooklyn 5, N. Y. 

Curry Arts, Scranton 9, Pa. 

Custom speemuntios Corp., Brooklyn 


Dayton Rogers Mfg. Co., Minneapolis 
7, Minn. 


*DeWitt Plastics ~ Shoe Form Co., 


Inc., Auburn, 
Duplicon Co., Inc., Westboro, Mass. 
Electro Plastics Corp., Dallas 7, Texas 
Electro-Chemical Products Corp., 
Cleveland 10, Ohio 
Eljay Corp., Baltimore 16, Md. 


*Emeloid Co., Inc., The, Hillside 5, N. J. 


Evans-Zeier Plastic Co., Madison 4, 


Wis. 
Fabri-Form Co., The, Byesville, Ohio 
Fabri-Kal Corp., Kalamazoo, Mich. 
Fol Engineering Corp., Bethesda 14, 
Franklin Fibre-Lamitex Corp., Wil- 


mington 99, Del. 
— Brothers Corp., New York 12, 


G & S Label Corp., New York 1, N. Y. 


*General American Transportation Corp., 


Plastics Div., Chicago 90, 

General Machine & Tool Works, 
Walled Lake, Mich. 

Gilbert Plastics & Supply Co., Balti- 
more 3, 


Md. 
Gill, M. c.. Corp., S. El Monte, Calif. 
Gits, J. A., Plastic Corp., Roselle, Ill. 
G am Products Corp., Englewood, 


J. 
Harve Co., Inc., The, Schoharie, N. Y. 
Hero Mfg. Co., Inc., Middleboro, Mass. 


“in! Plastics, Div. of tg! Hopp Press, 


New York 1, 
Industrial ile” Satan South 
Easton, Mass. 
Insulating Fabricators of New England, 
Inc., Watertown 72, Mass. 
—; aa Plastic Co., New York 29, 


Jaco Products Co., Cleveland 14, Ohio 
os aa S. L, Mfg. Co., Chicago 5, 


Jodee Plastics, Inc., Brooklyn 8, N. Y. 

Kaufman Glass Co., Plastic Div., Wil- 
mington 99, Del. 

Kerrco, Lincoln 7, Neb. 


Laminated Sheet Products Corp., Nor- 


, Mass 
Lansky, Di Die Cutting Corp., Brooklyn 


wae Inc., Boston 14, Mass. 
Long, Thomas J., Inc., Carle Place, 
N. Y 


Lorraine Plastic Industries, Robbinsville, 


Lustra-Cite Industries, Inc., Brooklyn 
11, N. Y. 
Madan Plastics Inc., Cranford, N. J. 

- % - Creations, Inc., Woodside 77, 





SPECIALIZED SERVICES 


Malco Plastics, Inc., Baltimore 15, Md. 

er Poo Products Co., Inc., Bronx 
55, 

Maynard "plastics Co., Inc., 
Mass 


Midland Plastics, Inc., Milwaukee 2, 
Wis. 

Millar, Geo. W., & Co., Inc., New York 
12, 


N. Y. 
Motson, J. Frank, Co., Flourtown, Pa. 
North Star Industries, Inc., Minneapo- 


lis, Minn. 

Novelty Bias Binding Co., Chelsea, 
Mass. 

Onaeng Mfg. Co., Inc., New York 18, 
N. 

P.O.P. Displays Inc., Glendale, N. Y. 


Pam Co., Portland '9, Ore. 
Paragon Plastic Corp., New York 12, 
N. Y. 


Salem, 


Parisian Novelty Co., Chicago 9, IIl. 
an” | ae Products, Inc., Atlanta 
18 
par Plntics Corp., Newark, N. J. 
Penn Fibre & Specialty Co., Inc., 
Philadelphia 34, Pa. 
*Perforating Industries, Inc., Linden, 
N, J. 
Pemas Seal Plastic Products Co., St. 
Paul 4, Minn. 
Plastic Extrusion & Engineering Co., 
Inc., Westboro, Mass. 
Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 
Plastic Industries, Inc., Athens, Tenn. 
Plastic Parts Corp., Toledo, Ohio 
Plastic Service Corp., New York 10, 


N. Y. 
wens Stamping Corp., Chicago 47, 
Ill. 


Plastic Suppliers and Manufacturers, 
Baton Rouge, La. 


Plastics by Chapman, Richmond, Calif. 
Plastics, Inc., St. Paul 5, Minn. 
Polykote, Inc., Cleveland 3, Ohio 


Polymer Corp. of Pa., The, Reading, 
Pa. 


*Polypenco, Inc., Reading, Pa. 
Portage Plastics Co., Inc., Portage, Wis. 
Precision Phenolics, Inc., Franklin Park, 
Ill. 


Premier Plastics Co., Milwaukee 4, Wis. 
so Inc., Long Island City 1, 
N. 


Bag Corp., New York 10, N. Y. 
Product Engineering & Development 
Co., Hopkins, Minn. 
Regal Plastic Co., Kansas City 27, Mo. 
Reynolds Plastics, Inc., Walled Lake, 
Mich. 
Rome Plastic Specialties, Inc., Worces- 
ter 9, Mass. 
S-L-M Plastics, Avenel, N. J. 
*Sandman, Eli, Co., Worcester 9, Mass. 
Santay Corp., Chicago 24, Ill. 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 


Schieldahl, G. T., Co., Northfield, 

Minn. 
Seattle 
Wash. 
Shaw Santen Co., Inc., 
R 


Plastic Laminators, Seattle 8, 


Pawtucket, 


Sheridan-Cray, Inc., Torrance, Calif. 

*Sierra Electric Corp., Gardena, Calif. 

Silleocks Miller Co., The, Maplewood, 
a 


Simplex Plastic Products, Inc., Brook- 
lyn 18, N. Y 


Southern Plastic Products Co., 


Beach, Fla. 
Springfield Fabricators, Inc., 


field, N. J. 
* Indicates Advertiser 


Riviera 


Spring- 


1140 


Staff oo Cutting Co., New York 1u, 


Sta Mfg. Co., rye 
Swedlow, Inc., 
Syracuse Plastic Fie rs, Syracuse 2, 


p A 
Tetafinor Inc., Inglewood 1, Calif. 
Texstar Plastics, ryt <= The Texstar 
Corp., Fort Worth, 
arg Charles W., Tang “Philadelphia 
Tico ’Plastics, Inc., ew York 11, N. Y. 
*Transilwrap Co., Chicago 40, Til. 
Ultra Plastics Inc., Philadelphia 30, Pa. 
United Mask * Novelty Co., Inc., 
Glendale N. 

United Prog pee, tin, Albany 5, N. Y. 
Cae ed, Inc., Glen Cove, 


N, Y 
Vacuum Plastics Corp., Columbus 22, 


7 hy Calif, 


Valley-Nationa Corp., The, Milldale, 


Victory Plastics Co., Hudson, Mass. 

Virginia Plak Co., New York 16, N. Y. 

Westech Engineering, Santa Clara, 
Calif. 

Western Coil & Electrical Co., Racine, 
is. 

Western Specialty Mfg. Corp., Chey- 

enne, Wyo. 


DIE MAKERS, EXTRUSION 
Ace Laas a Corp., Long Island 


City 1 
Ace Tool & Mfg. Co., Newark 5, New 
Jersey 
* Akron Rentideen Akron 14, Ohio 
Al-Be Industries, South Gate, Calif. 
Anson Tools & Gages, Inc., Erie, Pa. 
Astor Tool & Die Co., Long Island 
City 1, N. Y. 
Auburn Plastics, Inc., Auburn, N. Y. 
*Baker Perkins (Exports), Ltd., London 
W.1, Englan 
Beazy’s Moldmakers, Peru, Ind. 
* Beringer, C. J., Co., Inc., Chicago 46, II. 
Black-Clawson Co., The, Hale & Kullgren 
Plastics Dept., Akron 10, Chio 
Game Tool & Machine Co., 
va. 
Celanese Plastics Co., Royal Container 
Div., Newark 2, N. J. 
*Davis-Standard Div., Franklin Research 
Development Corp., Mystic, Conn. 
*Egan, Frank W., & Co., Somerville, N. J. 
Electro Plastics Corp., Dallas 7, Texas 
Essex Plastic Machinery Co., Inc., Bev- 
erly, Mass. 
*Faeco Machine Co., Inc., 
N 


Marietta, 


Paterson, 


Federal Tool Corp., Chicago 45, Il. 
*General American Transportation 

Corp., Plastics Div., Chicago 90, Ill. 
*G any sua & Mold, Inc., Clifton, 


Gane Mfg. Co., Saginaw, Mich. 
a Industries, Inc., Wilmington 8, 


inpetd Tool & Die Co., Philadelphia 
, Pa. 


Industrial Engineering Service, South 
Easton, Mass. 


Industrial Plastics & Equipment Co., 
Orange, 


J & B Plastics Co., Inc., Fairfield, Iowa 


*Johnson Mfg. Co., Inc., Chippewa 
Falls, Wis. 


*Killion Tool & Mfg. Co., Verona, N. J. 
Kingman, E. B., Co., Leominster, Mass. 
Raye, Doin, Co., The, New York 7, 


L & P Tool Co., Cincinnati 25, Ohip 
ipamasian 5 Materie Plastiche, S, hey &, 
Torino, I 


Libbe ct Plastics, Inc, Fort Worth 14 


om nde, FL, Wor Ne 10, 19, "Tom 

yn rp 

(F Formerly Robbins B ae io Mecha 
Ikhart, Ind. 


on } & Co., New York Ra N.Y, 
aga lastic Machinery Co rp., Clif. 


N. J. 
#National Rubber Machinery Co., Akron 
New England Die Co., Inc., Taunton, 
Mass, 
Inc., The, 


, oO 
Payne Tool & Saetnccsin Co., 
Spsingiont, Ohio “ * 
rie oe Products Co., Eliza. 


J 
Plastic Mold ky & Die Co., Inc., E, 
Rutherford, 


—— ~enliolt Works, Rochester 2, 


Ross Milton, & The, Hatboro, Pa. 
*Royle, J Paterson 3, N. J. 
Seelite. 44. Titusville, Pa. 

*Sterling Extruder Corp. Linden, N 
ss Some Corp. SS New ¥ 
*Superior Plastics, Inc., Chicago 12, Ill 
Sussex Plastic Co., Belleville, N j. 
*Thermoplastic Equipment Corp., Diy, 

of oplastic Processes, Ine, 
a N. J. 
= lastics Corp., The, New Mar- 
t, N. J. 
Victory ics Co., Hudson, Mass, 
a ao R. H., Ltd., Chessington, 


han Co., Erie, Pa. 


DIE MAKERS, HIGH-FREQUENCY 
HEAT SEALING 


A . 5 ae Rule Die Corp., New York 
Able a Rule Die Co., New York 12, 


...2 Laminating & Plastics Co., 
Detroit, Mich. 
-*% engravers, Inc., New York 12, 


eR A., Co., Chicago 6, IIL. 
*Cosmos Electronic Machine Corp. ., New 
York 12, N. Y. 
*Mayflower Electronic Devices, Ine, 
Little Ferry, N. J. 
Maynard Plastics Co., Inc., Salem, 
Mass. 
*Peterson Electronic Die Co., Inc., Min- 
eola, N. Y. 

Plastics by Chapman, Richmond, Calif. 
Printon Corp., New York 10, N. Y. 
*Reeve Electronics, Inc., Chicago 6, IL 
*Superior Plastics, Inc., Chicago 12, Ill 
Victory Plastics Co., Hudson, Mass. 
Western Specialty Mfg. Corp., Chey- 

enne, Wyo. 
Western Supplies Co., St. Louis 6, Mo. 


DRY COLORING 


Builders Products, Inc., Manville, N. J. 


Celanese Plastics Co., Royal Container 
Div., Newark 2, N. 


Century Dispersions, ad. Detroit 38, 
Mich. 


Chemplasco, Inc., Cincinnati 22, Ohio 
——- Industrial Dyers, New York 18, 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Fryling Electric Products, Holly 
Springs, Miss. 

xImperial PGolor Chemical & Paper Dept., 
eee Powder Co., Inc., Glens 
Falls, N 

Kapgo Plastics Corp., Manchester, N. H. 

*Krieger Color & emical Co., Inc., 
Hollywood 38, Calif. 

Loma seo ng Ft. Worth 10, Texas 

Pearce Simpson, Inc. Molded Plastics 
Div., Miami 42, 

#Plastics Color Co., Inc., Chatham, N. J. 
Reed Plastics Corp., Worcester 8, Mass. 
Taylor Custom Compounding Co., Erie, 

Pa. 


EMBEDDING 


A & B Plastics, Div. of Plastic Supply 
Corp., Seattle 9, Wash. 

AA.A. Plastic Co., New York 17, N. Y. 

Alda Plastics, Inc., New York 13, N. Y. 

Allied Engraving & Stamping Co., Buf- 
falo 10, Y. 

All-Tech +. LB Inc., Miami 68, 


la. 
Aries Laboratories, Inc., Stamford, 


Conn. 

Bacon & Weber, Chicago 22, II. 

Bastian Bros. Co., Rochester 1, N. Y. 

Baxter Co., The, Cincinnati 2, Ohio 

Bentek Co., Brooklyn 16, N. Y. 

Biggs, Carl H., Co., Inc., Santa Mon- 
ica, Calif. 

Blank, Arthur, & Co., Inc., Boston 15, 
Mass. 

Boonton Molding Co., Boonton, N. J. 

*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 

Clearfloat, Inc., Attleboro, Mass. 

Comet Novelty Co., Adams, Mass. 

Conn-Craft Co., Waterbury 5, Conn. 

Couroc of Monterey, Monterey, Calif. 

Crystal-X Corp., Lenni Mills, Pa. 

Dimensional Plastics Corp., Hialeah, Fla. 

Distinctive Embedments, Inc., Provi- 
dence 6, R. I. 

*Emeloid Co., Inc., The, Hillside 5, 
N 


Emerson & Cuming, Inc., Canton, 
Mass. 


Fryling Electric 
Springs, Miss. 


General Machine & Tool Works, 
Walled Lake, Mich. 


Gilbert Plastics & Supply Co., Balti- 
more 3, Md. 


Hanley Plastics Co., St. Louis 17, Mo 
— Press, Inc., The, New York 10, 
Y. 


Products, Holly 


tHys a Corp., Olean, N. Y. 
Jodee Plastics, Inc., Brooklyn 8, N. Y. 
Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. 
Leathertone, Inc., Boston 14, Mass. 


Lorraine Plastic Industries, Robbins- 
ville, N. J. 


Lumar Optical Mfg. Co., Inc 
Vernon, N. Y. 


Maine Molding Products, Boothbay 
Harbor, Maine 


Mitchell Plastics, Inc., Pittsburgh 12, 


, Mount 


a, 
kMitchell Specialty Div., Novo Indus- 
trial Corp., Philadelphia 36, Pa. 
Modules Molding Corp., Burlington, 
J. 


Niches Corp. of America, Inc., Provi- 
dence 3, R. I. 


New England Die Co., Inc., Taunton, 
Mass. 


Plastic Converters, Inc., Homewood, III. 
Plastic Industries, Inc., Athens, Tenn. 


* Indicates Advertiser 


*Davis, Joseph, Plastics Co., 
N.. ¥ 


Page Laminating Corp., Vauxhall, 


Plastic Scaphen and Manufacturers, 
Baton Rouge, La. 

Plastics by apman, Richmond, Calif. 

Plastics by Hoover, Huntington, W. Va. 

ries, Still Co Co., Long Island City 1, 


Pieteanss Engineering Co., Marlbor- 


ough, Mass 
Polyplastex United, Inc., Union, N. J. 
oy Plastics, Inc., “Walled Lake, 


Mich. 

Ridge Printing Co., Inc., Ridgefield, 
N. J. 

Ross, J thon, Co., The, Hatboro, Pa. 

Sealview Plastics, Inc., West Consho- 
hocken, Pa. 

i Miller Co., The, Maplewood, 


Superior Laminating Co., New York 2, 
N. 


*Superior Plastics, Inc., Chicago 12, Ill. 


Technicraft Co., Boston 34, Mass. 
Urrite Plastics Fabricators, Pico Rivera, 


alif. 
Westech Engineering, Santa Clara, 
Calif. 


EMBOSSING 


A. Flexible Film and 
Sheeting 
B. Rigid Plastic Sheets 


B Plastics, Div. of Plastic Sup- 
ply Corp., Seattle 9, Wash. (B) 
Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. (B) 


~~ & Stamping Co. Ps) 


Associated. Rubber & Plastic Corp., New 
York 51, (A) 
Barr Corp., ‘The: Richmond Hill, i. Y. 
rtl’s, George K., Semuvaie 
Belleville, N. J. (A, B) 
Belon Chemical Co., Inc., Cranston 10, 
R. L (A, B) 
Bishop, Robert B., Inc., Chicago 6, . 


. Arthur, & Co., Inc., Boston ra 


Borkland Laboratories, Marion, Ind. (B) 
Bostrom Corp., Milwaukee 4, Wis. (A) 
Brockton Plastics, Inc., Brockton, Mass. 
(A, B) 

Brutier Product Co., Inc., Secaucus, 
N. (A) 
Canton Containers, Inc., Canton 7, 


Ohio (A) 


*Carroll, J. B., Co., Chicago 12, Ill. (B) 


Chemplasco, Inc., Cincinnati 22, Ohio 
(A) 

Coating Products, Inc., Englewood, 
N. J. (A) 
Crystal-X Corp., Lenni Mills, Pa. (A, B) 
Kearny, 
(B) 
Daylite Industries, Brooklyn 11, N. Y. 
(B) 

Defiance Machine & Tool Co., St. Louis 
10, Mo. (A, B) 
Dimensional Plastics Corp., Hialeah, Fla. 
(B) 


Efka Plastic Corp., Hoboken, N. J. (A) 
Electro Plastics Corp., Dallas 7, Texas 
(A, B) 


*Emeloid Co., Inc., The, Hillside 5, N. J. 


A, B) 

Fabric Leather Corp., New York 1, 
N. Y. (A) 
Facile Corp., Sub. of Sun Chemical 
Corp., Paterson 20, N. J. (A) 
ron Engineering Corp., Bethesda 14, 
(A, B) 


*General Plastics Corp., Marion, Ind. 


SPECIALIZED SERVICES 


Fassler, -; J., & Co., Inc., Brookl 
21, N. A) 
Fersons pease. Inc., New York 1, 
A 


Y 
Flexcon Co., Inc., Spencer, Mass. (A, B 
Flexible Packaging Div., Continenta 
Can Co., Inc., Mt. Vernon, Ohio (A) 
Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. (A, B) 
> Herman A., Co., Brooklyn 6, 


(A) 

General Machine & Tool Works, 
Walled Lake, Mich. (A, B) 
Gomar Mfg. Co., Inc., Linden, N. J. {KS 
Gordon-Lacey Chemical Products, Inc., 


Maspeth 78, N (A) 
as ig ig Botha Fabrics, Newark 


J. (A) 

Hedin Press, Inc., The, New York 10, 
N. Y. (B) 
Intraplast Mfg. Co., New York 13, N. Y. 
A 

Jacobson, S. I., Mfg. Co., Chicago 5, 
Ill. (A) 


Kerrco, Lincoln 7, Neb. (B) 
Lansky Die Cutting Corp., Brooklyn 
15, N. Y. 
Lavorazione Materie Plastiche, S.A\S., 
Torino, Italy (A, B) 
Leathertone, Inc., Boston 14, Mass. 8) 
(A, 
Lus-Trus Corp., Ypsilanti, a. (B) 
Madan Plastics, Inc., Cranford, N. J. 
A,B 
Maine Molding Products, Boothbay 
Harbor, Maine B) 
Marbek, Inc., Brooklyn 22, N. Y. (A) 
Marion General Plastics Co., Subsidiary 
of General Plastics Corp., Lon 
Beach 6, Calif. (B 
Metallic Plastics Corp., Long Island 
City 1, _B 
Modern Engraving & Machine Co., 
Hillside, N. J. (A, B) 
—— Bias Binding Co., Chelsee, 
A 
Sullivan Rubber Corp., wee 
a. 
Paper Converting Machine Co., Green 
Bay, Wis (A) 
Paragon Plastic Corp., New York 12, 
N. Y. (B) 


Parisian Novelty Co., Chicago 9, Tl. 

(A, B) 

Plastic Converters, Inc., Homewood, III. 

(A, B) 

— Laminating Corp., ——s. 
’ (B) 


Plastic Service Corp., New York 10, 
N. Y. (A, B) 
Polyplastex United, Inc., Union, N. J. 
(A, B) 

Premier Plastics Co., Milwaukee 4, Wis. 
(B) 


Printloid, Inc., Long Island City 1, 
N, Y. (B) 
Printon Corp., New York 10, N. Y. 
(A, B) 
Rich-Tex, Inc., Cedar Grove, N. J. 
(A, B) 
Ridge Printing Co., Inc., Rolgatrld. 


N. 


Roltex Process Corp., Roselle, N. J. (A) 
Ross & Roberts, Inc., Stratford, Conn. 

(A) 
Roysons, Inc., Cedar Grove, N. J. (A, B) 
Shore Line "Industries, Inc., Clinton, 


Conn (A) 
Silleoes Miller Co., The, Necaner 
(B) 


Pat Plastic Products, Inc., Brook- 
lyn 18, N. Y. (A) 

Southern Plastic Products Co., Riviera 
Beach, Fla. 


(B) 
*Southern Plastics Co., Columbia, S. C. 


(A, B) 
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SPECIALIZED SERVICES 


Sun Steel Co., Chicago 36, Ill. (A, B) 
Tico Plastics, Inc., New York 11, N.S 


Timely Products Co., Des Moines 15, 
lowa (B) 


Ultra Plastics, Inc., Philadelphia 30 
Pa. (B) 


United Mask & Novelty Co., Inc., Glen- 
dale, N. Y. (B) 
United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Manhat- 
tan Beach, Calif. (B) 
Universal Unlimited, Inc., Glen Cos 
Velveray Corp., New York 1, N. Y. (A) 
Vernon Plastics Corp., Lynn, Mass. (A) 
W opiages Print Works, Inc,, Trenton, 
.j. (A) 


WwW ection Specialty Mfg. Corp., Chey- 
enne, Wyo. (A, B) 
Willco Plastics, St. Louis 2, Mo. (B) 
Willson Camera Co., Havertown, Pa. 
(A, B) 

Woodall Industries, Inc., Detroit 34, 
Mich. (B) 


EXPORTERS AND IMPORTERS 


A. Machinery 
B. Molding Compounds 
C. Resins 


A & §S Steel Rule Die Corp., New 
York 2, N. Y. (A) 
*Akron Presform Mold Co., The, Cuya- 
hoga Falls, Ohio (A) 
Alan Plastics Corp., Canton, Mass. (B) 
* Allied Chemical International, New York 
6, N. Y. (B, C) 
*Alpha Chemical & Plastics Corp., New- 
ark 5, N. J. (B) 
ha Plastics Processors, Inc., Jamaica 


Cc 

iebsamtlene ‘Molding Powder & aS 

Corp., Boos © m4 (B) 
American Pyroxylin Corp., ay x. 

N. (B, C) 


Architectural Plastics Corp., Eugene, 


Bambecune, Claude P., Inc., Ridgefiel 
Park, N. (B, C) 

Barclay Industries, Inc., New York, 
N. Y. 


Berthelsen Engineering, Joliet, Ill. 
Birbach, L. E., Associates, Inc., .o 
Div., Boston (Malden) 48, Mass. 5 
Blum, Paul, Co., Buffalo 10, N. Y. (B 
Bricmar Mfg. Corp., New York 13, 


N. Y. (A 
Buttondex Corp., New York 16, N. if 


Carver Co The, Norwood, Mass. (B 
Chemtron "Fiber Glass Co., El Monte, 


(B, C) 
%*Danson, Barnett J., & Associates, Ltd. 
Toronto 12, Ont Canada tal 


Dayco i Eek + Dayton, Ohio ) 
ws | L., de Ay tp. ra 
+Enjay ¢ se Co., A Div. of Humble 

Refining Co., New York, N. Y. 


(B, C 
Erie Plastics Co., Inc., its, Pa. @ 
—— Corp. .. New York 12, 


Goren, H. Co., Chicago 26, Ill. (al 
a. A “Tool 'Co., Philadelphia $2, 


(A) 
Plastics, Inc., Santa Mone 


Cali 
Hirtz, Walter E., Plastics Materials, 
Inc., Pasadena 3, Calif. (B) 


*% Indicates Advertiser 


Nemours & Co., Inc., 


Heston 
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*Koppers Co., 


ae i | H., 


ae 
Cusmatiintese New York 38, N. 


The, 
* Philli 
0 


*Woloch, George, Co., I 
se me 2 


, Inc., 1a York 16, N. 
, B, Cc 
ma Eastern Co., New York , 


Japan Die & og nergy, mse - 
port Co., Td. 0, Japan (A) 
Kenrich Perochemien s, Inc., Mans 


( 
ie ., Plastics Div., Pitts- 
) 


urgh 19, 
Laminated Wibergless oe of Amer- 
ica, New York 1, N. (C 
Leedpak, Inc., New Yuk 19, N. Y. (A 
Linder, D., Plastics, Inc., Erie, . (B) 
Many, J., & Co., New York 13, N. Y. 


Monkley Corp., Worcester 8, Mass. A 
& Co., Inc., New York 


17, y. (B, C) 
Noticed ‘Starch & Chemical Corp., New 


York, N. Y. 
Nichimen Co., Inc., New York, N. Y. 
(A, B, C) 
New York 3 
A B, C) 


(A. ) 

Oppenheimer Corp., Buffalo 10, N: & 
Parisian Novelty Co., Chicago 9, Ill. (A) 
Patterson Foundry ‘and Machine Co. 
E. Liverpool, Ohio ) 
Chemical Co., mse G 


Plastic, Laminating Corp., Vauthal 
Plastic Molding Powders, Inc., Ke 


Omni prete ts Corp., 


hie Pan, Reading, Pa. B,C 


Inc., New York i 


% ¢ (A, 
Rayll Plastics Co., Brooklyn 6, N. Y. ©) 
Rosenstock, David H., New York 13, 

N. Y. (A, B, C) 
Rosenthal, Alfred A.. New York 38, 
N. Y. (A) 
Rotobond, Inc., Bound Brook, N. J. (A) 


Shuman, Philip, & Sons, Inc., Buffalo 6, 
N. Y. (B, C) 


Poser, J., & Co., 
N 


ams ag Chemical Co., Kansas ici 
) 


Sulfslk Associates, Inc., New You AB 
_ (A 


N. 
*Union Carbide International Co., Div. 


rd Ss Carbide Corp., New t 
Uniedd Sales Service, Los Angeles 35, 
Calif. A, B, C) 


( 
*U. S. Industrial Chemicals Co., Div. of 


National aan & Chemical Corp., 
New York, N (B, C} 
Western Plastic k Rubber Co., Rich- 
mond, (B, “ 
Wilson Pontlcoke & Carbon Co 
New York 36, N. Y. 
, New York 
(C) 


EXTRUDING EXPANDABLE 
STYRENE 


Applied 


Falls, W 
Dyna-Foam Di Se " Chemical Corp., 
Ellenville, N.Y. “2 
Fabri-Kal Corp., Kalamazoo, Mich. 
Reed Plastics Corp. Worcester 8, Mass. 


FABRICATORS 


A & B Plastics, Div. of Plastic Sup- 
ay re Orp., Seattle 9 9, Wash. 
Ase Co., Inc., New York 11, 


ates R ces Industries, Inc., Hazle. 


* Ace ~g Co., 


amaica 35, N. Y, 
—*s Plasticover 


, Inc., New York, 
siren Gardena, Calif. 
Aba Few Co., Inc., Hicks. 
Airshelters, Inc., Nicholasville, K 


Alda Plastics, Inc., New York’ 13. N.Y, 
Allied E ring & Production’ Corp, 


Allied Engraving & Stam 
Buffalo 10, N. 1 > 
ied Plastics Supply Corp., New York 


Allied 1 Pasi-Lite Enterprises, Inc., St 
All-Fech ‘Industries, Inc., Miami 68, 


Almac Plastics, Inc., New York 12, N. Y, 
Almac Plastics of New Jersey, Inc., New. 


ark 3, N. J. 
Alvimar Mfg. Co., Inc., New York 35, 


American A Bedford, on 

American 5 aoe Rubber Co., Div. of 
Amerace Corp., Butler, N. J. 

a "ape Co., Inc., The, Flint 7, 


ich. 

Amos-Burke Plastics, Syracuse 11, N. Y. 

Amplex Mfg. Co., Philadelphia 30, 3. 

Apex Rein orced Plastics Div. 
Sewing Machine Corp., Clevdant it 13, 

io 

Argo Plastic Products Co., Cleveland 
13, Ohio 

Arrem Plastics, Inc., Chicago, Il. 

Artmor Plastics Corp. ag Cumberland, 
Maryland 

Atkins & > gr Inc., Marlboro, Mass. 

Atlantic Mfg. Co , Philadelphia 22, Pa. 

_ Mineral Products Co., Mertztown, 


Att Engineering Corp., Union City, 


*Aubum Plastic Engineering, Chicago 
Bacon & Weber, Chicago 22, IIl. 
Bar-Lo Vines Products, Inc., New 

York 32, N. Y. 
Baxter Co., The, Cincinnati 2, Obie 

Beetle, Carl N., Plastics Corp., Fall 
River, Mass. 

Bel-Art Products, Pequannock, N. J. 

a \ nen Co., Inc., Cranston 10, 


Bemis’ Bro, Bag Co., St. Louis 2, Mo. 
Bentek Co., Brooklyn 16, N. Y. 
Ber-Design Associates, Irvington ll, 


N. J. 
Berkander, ; on F., Inc., Provi- 
dence 7, R. 
Berthelsen 2. Joliet, Il. 
Berton Plastics, Inc., New York 3, N. Y. 
Birdair Structures, Inc., Buffalo 12, N. Y. 
Bishop, Robert B., Inc., Chicago 6, Ill 
a. Arthur, & Co., Inc., Boston 15, 
ass. 
Bolling Industries, Inc., Scranton 5, Pa. 
pabtves Co. the, Slverdin Ze. 

g ass. 
Borkland Laboratories, Marion, ted. 
Brandywine F Products Co., 

B i New York, Y. 
ricmar Mfg ew Yor! 

Brockton Plastics, Inc., Brockton, Mass. 
Brooklyn Plastic Co., Inc., Brooklyn 1, 


N. Y. 
Brunswick Corp., Defense Products Div., 
Muskegon, Mich. 


C.T.L. Div., Studebaker-Packard Corp., 
Cincinnati 15, Ohio 


*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 
Calabro Plastics, Upper Darby, Pa. 
Canton Containers, Inc., Canton 7, 
Ohio 
Capitol Plastics Co., Lansing, Mich. 


(For complete addresses, see Alphabetical Index, p. 1179) 





am Mo ye oo WU So upp 


a 
<> cs Mas has! 


ome Industries, Inc., Kenilworth, 


J. 

scaroll Co., J. B., Chicago 12, Ill. 

Cast Optics rp., y meet a Ng N. J. 

Celuplex Co., Inc., Brookl N. Y. 

Central Die Casting & Mig iS. Chi- 
cago 32, Ill. 

Chatelain Plastics, Findlay, Ohio 

Puen Fiber Glass Co., El Monte, 
Cali 

*Colonial Kolonite Co., Chicago 47, Ill. 

a Plastics Mfg. Co., Cleveland 4, 
Ohio 

Colvin-Friedman Co., ei. N. J. 

Comet Newer Co., Adams, Mass. 

Conn-Craft Co Waterbury 5, Conn 

Consolidated Plastics & Mfg. Co., "Chi- 
cago 10, Ill. 

Cortland Industries, Inc., Chicago 39, Ill. 

Crook, William A., Co., Inc., Water- 
town 72, Mass 

Crystal Plastic, Inc., Brooklyn 5, N. Y. 

Crystal-X Corp., Lenni Meals, Pa. 

Curbell, Inc., Buffalo 7, 

Curry Arts, Scranton 9, Pa 

*D & R Plastic Welders, Inc., Hazard- 
ville, Conn. 

Dama Plastics, Inc., Springfield, re 

Daylite Industries, Brooklyn 11, N. 

Dayton Plastics, ‘Inc., Dayton’ 4, Ohio 

Dayton Rogers Mfg. Co., Minneapolis 
7, Minn. 

Denver Plastics, Inc., Golden, Colo. 

*DeWitt Plastics Div., Shoe Form Co., 
Inc., Auburn, N. Y. 

Disogrin Industries, Inc., Mt. Vernon, 


N. 
Dixie Plastics Mfg. Co., New Orleans, 
La 


Duplicon Co., Inc., Westboro, Mass. 

Dura Plastics of New York, Inc., New 
York 16, N. Y. 

Durable Plastics Co., Inc., Seattle 4 
Wash 

Du Verre, Inc., Arcade, N. Y 

Eastern Marine Products Corp., New Ro- 
chelle, N. Y 

Eiler Equipment Co., Minneapolis 15, 
Minn 

Electro Plastic Fabrics, Inc., 
Va 

Electro Plastics Corp., Dallas 7, Texas 

Electro-Chemical Products, Corp., 
Cleveland 10, Ohio 

Eljavy Corp., Baltimore 16, Md. 


tEmeloid Co., Inc., The, Hillside 5, 
N. J 


Pulaski, 


Emerson Plastics Corp., Bronx 61, N. Y. 
sw: red Plastics, Inc., Gibsonville, 
m Cc. 


Evans-Zeier Plastic Co., 
Wis 

Eveready Plastics, Atlanta 8, Ga. 

Fabri-Form Co., The, Byesville, Ohio 

Fabri-Kal Corp., Kalamazoo, Mich. 

Fair Martin Boxes, Inc., Concord, N. C. 

7 Engineering Corp., Bethesda 14, 
NIC 


Madison 4, 


Falk Glass & Plastic Co., Inc., Long 
Island City 3, N. Y. 


Fassler, M. J., & Co., Inc., Brooklyn 
21, N. Y. 


Fawn Plastics Co., Inc., Timonium, 
Maryland. 


Federal Tool Corp., Chicago 45, Ill. 


Franklin Fibre-Lamitex Corp., © Wil- 
mington 99, Del. 


Fried Novelties, Brooklyn 19, N. Y. 
Gemloid Corp., Long Island City, N. Y. 


General Machine & Tool Works, 
Walled Lake, Mich. 


*General Plastics Corp., Marion, Ind. 


ar Plastics Corp., Santa Monica, 
salir, 


® Indicates Advertiser 


Cuan, Plastics Mfg. Co., Tacoma 9, 


Wash. 

Gilbert Plastics & Supply Co., Balti- 
more 3, Md. 

Gladwin Plastics, Inc., Atlanta 3, Ga. 

Glo-Brite Foam Plastic Products, Chi- 
eago 45, Ill. 

Gotham Plastics Corp., Bronx 51, N. Y. 

Greene Ray, & & @. Toledo 9, Ohio 

Hafleigh & , Va. 

Halogen Bek, & Seal © Corp., Frank- 
lin Park, Iil. 

Hampden Mfg. Co., Inc., Three Rivers, 
Mass. 

Har-E-Dan Engravers, Brooklyn, N. Y. 

Harva Co., Inc., The, Schoharie, N. Y. 

— Industries, Inc., Wilmington 8, 


ag -* ‘tne SS patent Corp., Cleve- 
Hercules eed Co., Inc., Explosives 
Dept., Wilmington 99, Del. 
x) Plastics, Inc., New York 11, 
iene Mfg. Co., Inc., Middleboro, Mass. 
High Strength Plastics Corp., Chicago 


* Hopp Plastics, Div. of Mi Hopp Press 


Inc., New York 1, 
Horkey-Moore Associates, Plastics Div., 
Torrance, Calif. 


*Hysol Ccrp., Olean, N. Y. 


I-V Die Mold Co., Peoria, Il. 

Imperial Industries, Inc., Wayne, Mich. 

ses Plastic Coating ‘Corp., Paterson, 

Industrial Plastic Fabricators, Norwood, 
Mass. 

Industrial Plastic Supply Div., Indus- 
trial Safety Supply Co., Inc., W. 
Hartford 10, Conn. 

Industrial Plastics & Equipment Co., 
Orange, N. J. 

Industrial Vinyls, Inc., Miami 42, Fla. 

Insulating Fabricators Co., Inc., E. 
Rutherford, N. J. 

Insulating Fabricators of New England, 
Inc., Watertown 72, Mass. 

International Plastic Co., New York 29, 
N. Y. 


Jaco Products Co., Cleveland 14, Ohio 


*Jacobs, H. G., Mfg. Co., Inc., Paterson 


2, N. J 
os om S. 1, Mfg. Co., Chicago 5. 


Jet Specialties Co., Inc., Los Angeles 
63, Cali 


Joclin Mfg. Co., Wallingford, Conn. 

Jodee Plastics, Inc., Brooklyn 8, N. Y. 
Just Plastics, Inc., New York 34, N. Y. 
Keller Products, Inc., Manchester, N. H. 


*Keolyn Plastics, Inc., Chicago 39, Ill. 


Kingsbacher Murphy Co., Los Angeles 
45, Calif. 

Klise Mfg. Co., Grand Rapids 2, Mich. 

Klisey Engineering Co., Los Angeles 
23, Calif 

a % Jr., George, Inc., Philadelphia 30, 
a. 


Kuss, R. L., & Co., Inc., Findlay, Ohio 

Lamco, Inc., Lampasas, Texas 

Laminated Sheet Products Corp., Nor- 

wood, Mass. 

Lansky 4 Cutting Corp., Brooklyn 
15, N. 

Lawrence ay & Chemical Co., 
Inc., Lawrence, Mass. 

Leathertone, Inc., Boston 14, Mass. 

Leon Chemical Industries, Inc., Grand 
Rapids, Mich. 

Leon Marianas & Engineering Co., Riv- 
erside, N 

Lewis, G. B., Co., Watertown, Wis. 


ie x 


SPECIALIZED SERVICES 


Loma Industries, Ft. Worth 10, Texas 
Lone Star Plastics Co., Inc., Fort 


Worth, Texas 
Long, Thomas J., Inc., Carle Place, 
N 


Lorraine Plastic Industries, Robbins- 
ville, N. J. 
Lumar Optical Mfg. Co., Inc., Mt. Ver- 
non, N. Y. 
Lustra-Cite Industries, Inc., Brooklyn 
Y 


Lus-Trus Corp., Ypsilanti, Mich. 

Madan Plastics, Inc. Cranford, N. RY 

Maine Molding Products, Boothbay 
Harbor, Maine 

Marion General Plastics Co., Subsid- 
iary of General Plastics Corp. Long 
Beach 6, Calif. 

Maynard "Plastics Co., Inc., Salem, 
Mass. 

Mechanical yegewe Co., Inc., New 
York 68 » A 

Mercury tins | Corp., Chicopee, Mass. 

a Ltd., London W.C.2, Eng- 


and 
Midland Plastics, Inc., Milwaukee 2, 


bool Co., Detroit, Mich. 
Milmar Plastics, Inc., Hagerstown, Md. 
Mitchell Plastics, Inc., Pittsburgh 12, 


Pa. 
Modern Plastics, Miami 42, Fla. 
—— Molding Corp., Burlington, 


J. 
rachiiplastios, Addison, Iil. 
Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio 
ks Corp. of America, Clifton, 


Nalgs Co., Inc., The, Rochester 2, N. Y. 

New England Laminates Co., Inc., 
Stamford, Conn. 

New England Tape Co., Hudson, Mass. 

New Plastic Corp., Los Angeles 38, 


Calif. 
ae | Products Co., Inc., Moorestown, 


N. J. 
Niles Corp., South Bend 17, Ind. 
Novelty Bias Binding Co., Chelsea, 
Mass. 
Omaha Plastics Co., Omaha 8, Neb. 
Orb Sales Co., New York 17, N. Y. 
ae Mfg. "Co., Inc., New York 18, 
Y. 


oun Plastics Co., Los Angeles 34, 
Calif. 


O'Sullivan Rubber Corp., Winchester, 
Va. 

Palisades Plastics Co., Inc., Englewood, 
N. J 


Pam Co., Portland 9, Ore. 
Paragon Plastic Corp., New York 12, 
N. Y 


Parisian Novelty Co., Chicago 9, Ill. 

Payne Tool & Engineering Co., The, 
Springfield, Ohio 

Pearson-Sutton Corp., Newtown, Bucks 
County, Pa. 


Penn Fibre & Specialty Co., Inc., 
Philadelphia 34, Pa. 


Permali, Inc., Mt. Pleasant, Pa. 
Permonite Mfg. Co., Chicago 7, Til. 


Pierson Plastic Mfg. Co., St. Louis 12, 
Mo. 


Pine-Wood Plastic Co., Inc., Cam- 
bridge 42, Mass. 


Pioneer Valley Plastics Co., Chicopee, 
Mass. 


Pitman Plastic Products, Inc., Pitman, 
N., J. 

Plast-Ad Mfg. Co., South Bend, Ind. 

Plastic Age Sales, Inc., Saugus, Calif. 

Plastic Artisans, Inc., Port Chester, 
N. Y. 


Plastic Center, Rochester 4, N. Y. 
Plastic Corp. of Chicago, Lyons, IIl. 
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SPECIALIZED SERVICES 


Plastic onan Tg of New. England, 
Manchester, N. 

— Engineering Co., Pawtucket, 
R 


ae A Engineering Co. of Tulsa, Tulsa, 


Plastic Extrusion & Poginesring Co., 
Inc., Westboro, Mass 


Plastic eaten, Div. of The Wood-. 


man Co, , Decatur, Ga. 

Plastic a Bawa Inc. Athens, Tenn. 

Plastic Parts =. Toledo, Ohio 

Plastic Process Co., Div. of Monadnock 
Mills, Los Angeles 45, Calif. 

Plastic Products Co. of Utah, Salt Lake 
10, Utah 

Plastic Rotocast Co., Chicago 5, Ill. 

* Plastic Stamping Corp., Chicago 47, tl. 

Plastic Suppliers and Manufacturers, 
Baton Rouge, La. 

aoe Products Corp., W. Nyack, 


Plasticles Corp., Detroit 27, Mich. 

Plastics by Chapman, Richmond, Calif. 

Plastics by Hoover, Huntington, W. Va. 

Plastics Center of Texas, Inc., San An- 
tonio 4, Texas 

Plastics Engineering of Hawaii, Inc., 
Honolulu 14, Hawaii 

Plastics, Inc., St. Paul 5, Minn. 

Plasti- Line, inc., Knoxville 18, Tenn. 

Plastimayd. Corp., Portland 14, Ore. 

as : a Co., Long Island City 1, 


Plasti-Vue, Whitestone 57, 4 

Plastofilm, Inc., Wheaton, ni 

Plastronic Engineering Co., Marlbor- 
ough, Mass 

Polo Plastics, Co., Milwaukee 12, Wis. 

Plastic ‘Products, Inc., Paterson 4, 


Pol youl Plastics Co., Smithtown, N. Y. 
olygon Plastic Co., Walkerton, Ind. 
Polymer Corp. of ’Pa., The, Reading, 


pow ES Inc., Reading, Pa. 

Possis Machine Corp., Minneapolis 3, 
Minn. 

Post Electric Co., Inc., Andover, N. J. 

Precision Plastics Products, Inc., Chi- 
cago 7, Ill. 

Premier Plastic Mfg. Co., Minneapolis 

nn 
Premier Plastics Co., Milwaukee 4, Wis. 
sa, Inc., Long Island City 1, 


N, 
Printon Corp., New York 10, = 
a ae Lining Corp., Brooklyn 31, 
» 4 


R. Cc. Can Co., St. Louis 32, Mo. 
= 4 Industries, Inc., Sioux Falls, 


Rayll Plastics Co., Brooklyn 6, N. Y. 
Regal Plastic Co., Kansas City 27, Mo. 
“ae Co., J. A., Mountain Home, 


Regie Chemical, Inc., Wilmington 99, 


Resistoflex Corp., Roseland, 


J. 
Reynolds Plastics, Inc., Walled Lake, 
Mich. 


*Rezolin, Inc., Santa Monica, Calif. 
Richardson Co., The, Melrose Park, Til. 


Rome Plastic Specialties, Inc., Worces- 
ter 9, Mass 


Ross, Milton, Co., The, Hatboro, Pa. 
Ryessen, Jos. T., & Son, Inc., Chicago, 


S-L-M Plastics, Avenel, N. J. 
Scheid] Mfg. Co., Copiague, N. Y. 
Schjeldahl Co., G. T., Northfield, Minn. 


Se a gem Corp., Port Washington, 


Sealy Plastics Corp., Rockville, Conn. 
Seattle Plastic Laminators, Seattle 8, 
Wash. 
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Sharpe Plastics, Inc., Sudbury, Mass. 
thew. Randall Co., Inc., Pawtucket, 


1 
aSiorse Electric Corp., Gardena, Calif. 


Sierracin Corp., The, Burbank, Calif. 
Silicone Insulation, Inc., Bronx 61, N. Y. 
ee Miller Co., The Maplewood, 


Sugidon & M Inc., Akron 13, Ohio 
aoe — ucts Co., Brooklyn 5, 


South Salem Studios, South Salem, 


Southeastern Sales Corp., St. Peters- 
burg 13, Fla. 
Southwestern Plastics, Inc., Houston 


Spartan . a Corp., S. El Monte, 
Springield Fabricators, Inc., Spring- 


Star Mfg. Co., Leominster, Mass. 
Stauffer Chemical Co., Molded Prod- 
ucts Div., a Angeles 23, Calif. 
sar; « magni! 7 _& Associate tes, Inc., 
i 
Stricker. ¢ Carl, Mechanical Developer, 
Bloomfield, N. 


Stricker-Brunhuber Corp., New York 


Superior ae Co., New York 2, 


Swedlow, Inc., Los Angeles, Calif. 
aA Plastic Molders, Syracuse 2, 


Plastics, Inc., Minneapolis, Minn. 
Teckel Co., Boston 34, Mass. 
Tetrafluor, Inc., Inglewood 1, Calif. 
Tewes Plastics Co Waukesha, Wis. 
Texstar Plastics, A Div. of The Texstar 

Corp., Fort Worth, Texas 
Thermo-Plastic Products, Inc., San Carlos, 
ali 
Thombert, ee, Newton, Iowa 
Thompson, H I., Fiber Glass, Los An- 
geles 7, Calif. 
Bad Plastics Sng eee =. - Y. 
ransplastics ge ass. 
Trans-Plastics , Cleveland 27, Ohio 
Tuff-Clad, Inc., ent, Ohio 
Tumble- Buf Laboratories, Inc., Ja- 
maica 


33, N. Y. 
Ultra Plastics, Inc., Philadelphia 30, 


Pa. 

United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Man- 
hattan Beach, Calif. 

United States Gasket Co., Plastics Div. 
of Garlock, Inc., Camden, N. J. 
Uniram Unlimited, Inc., Glen Cove, 

¥ 


Uae frais Fabricators, Pico Rivera, 
alif. 
Vacuum Plastics Corp., Columbus 22, 


io 

Valley-National Corp., The, Milldale, 
Conn. 

Virginia Plak Co., New York 16, N. Y. 

Wachter Plastic Co., Sacramento 14, 
Calif. 

Wama Co., The, Baltimore 2, Md. 

Warminster Fiberglass Co., Warminster, 
Pa. 

Wasco Products, Inc., Cambridge 38, 
Mass. 


Westech Engineering, Santa Clara, 
Calif. 


Western Plastic, Inc., Spokane 3, Wash. 


Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 


*Westlake Plastics Co., Lenni Mills, Pa. 


Weyerhaeuser Co., Beverly, N. J 
Willco Plastics, St. Louis 2, Mo. 


Woodall Industries, Inc., Detroit 34, 
Mich. 


Wood-Fab, Inc., Lester Prairie, Minn. 


Yardley Plastics Co., Columbus 15, 
Ohio 


FABRICATORS, FOAMED PLASTICS 


B Plastics, Div. of Plastic Sup. 
a - oe Seattle 9, Wash. 

Aesopiaeting Corp., Venice, Calif. 

Aircraft ~~ Co., Inc., Hicks. 


Pa ey Corp. Union City, N. J. 
Allied Regering & Stamping Co., Buf. 
falo 10, N. Y. 
—— Aerophysics Bang * gy of 
American Ce Colicler Pe Products, Inc., New 
e 
Artmor Plostics Corp., Cumberland, 


Maryland 
Amecaal — & Plastic Corp., New 
York 51, N. Y 
Atkins & Merrill, ‘Inc., Marlboro, Mass, 
Bacon & Weber, Chicago 22, Ill. 
Brockton Plastics, Inc., rockton, Mass, 
Canton Containers, Inc., Canton 1, 


Mt. 
iber Clase’ Ce Co., on Monte, 


Crest-Foam Corp., Flushin 
Crystal Plastic, Inc., Bantkin; 5 5, New 


York 
Crystal-X Corp., Lenni Mills, Pa. 
Dama Plastics, Inc., Springfield, Pa. 
Dayco Corp., The, "Dayton, Ohio 
Denver Plastics, Inc., Golden, Colo. 
. Materials Co., Chicago 46, 


a Products Co., Detroit ll, 


~o Co: New Castle, Pa. 

Df Dyna-Foam "Bw., Sun Chemical Corp, 
Pyilcruille, N. ¥. 

Eastern ~~ Products Corp., New 
Rochelle, N. Y. 

Fabri-Form Co., ‘The, Byesville, Ohio 

Fabri-Kal Corp., mazoo, Mich. 

Fawn Plastics ‘an Inc., Timonium, 
Maryland 

Fibrous Glass Products, Inc., Hicksville, 


‘on | ee Inc., Ltd., St. Louis 8, 
Mo. 


Foam Products, Inc., Manchester, Pa. 

Foamed Plastics Corp wn ne 3, Wash. 

Foampak Corp., itlade phia 23, Pa. 

Frank Plastics Corp., Detroit 2, Mich. 

General Foam Corp., New York 31, 
ee # 


General a Plastics Corp., Ports 
mouth, 

General eons Products, Vernon, Calif. 

General Machine & Tool Works, 
Walled Lake, Mich. 

Case Plastics Corp., Santa Monica, 


General Plastics Mfg. Co., Tacoma 9 


Wash. 

Gilbert Plastics & Supply Co., Balt 
more 3, Md. 

Glo-Brite Foam Plastic Products, Chi- 
cago 45, 

ae, Plastics, Inc., New York 1, 
N 


Ideal Fishing Float Co., Inc., Richmond 
8, Va. 

Jersey City Foam Products Co., Jersey 
City 4, N. J. 

Jodee Plastics, Inc., Brooklyn 8, N. Y. 

er, Products, Inc., Manchester, 


A eer Inc., Lake Mills 1, 
Iowa 


Lakeside Mfg. Inc., Plastics Div., Mil 
waukee 7, Wis. 

Lamco, Inc., Lampasas, Texas 

Laminated Sheet Products Corp., Nor 
wood, Mass. 

Loma Industries, Ft. Worth 10, Texas 


(For complete addresses, see Alphabetical Index, p. 1179) 





hia 


TF. FF oe Fv 


Lone Star Plastics Co., Inc., Fort 
Worth, Texas 

rT Industries, Inc., Brooklyn 
ll ; 

MMM, Inc., Houston, Texas 

MacDonald Mfg. Co., New Baltimore, 
Mic 

Madan Plastics, Inc., Cranford, N. J. 

— Se as Products Co., Inc., Bronx 


pete Specialty Div., Novo Indus- 
trial Corp., Phi adelphia 36, Pa. 
Modular Molding Corp., Burlington, 
N. 


J. 
*Nopco Chemical Co., Plastics Div., N. 
Arlington, N. J. 
North _ Industries, Inc., Minneap- 
olis, Minn. 
O'Day Mfg. Corp., Fall River, Mass. 
mate Plastic Corp., New York 12, 
Pitman Plastic Products, Inc., Pitman, 
N. J. 
Plasteel Corp., Inkster, Mich. 
Plastic Age Sales, Inc., Saugus, Calif. 
Plastic Engineering Co. of Tulsa, Tulsa, 


Okla. 

Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 

Plastic Industries, Inc., Athens, Tenn. 

Plastic Model Engineering, Van Nuys, 
Calif. 

Plastic Parts Corp., Toledo, Ohio 

Plastics by Chapman, Richmond, Cali- 
fornia 

Plastomer Corp., Detroit 10, Mich. 

Polykote, Inc., Cleveland 3, Ohio 

Polystructures, Inc., Stoneham, Mass. 

Printon Corp., New York 10, N. Y. 

Robinson Industries, Inc., Coleman, 
Mich. 

Ross, Milton, Co., The, Hatboro, Penn- 
sylvania 

Southwestern Plastics, Inc., Houston 

Texas 
Spartan Products, Inc., Madison Heights, 
ich. 

Standard Molding Corp., Dayton 2, Ohio 

Standard Plastics, Inc., Fogelsville, 
Pennsylvania 

Star Band Co., Inc., Portsmouth, Va. 

Stauffer Chemical Co., Molded Prod- 
ucts Div., Los Angeles rn Calif. 

Stauffer- Hewitt, Franklin 

Stensgaard, W. L., & NF Inc., 
Chicago 7, Ill. 

— Brunhuber Corp., New York 

b # 


T. O. Plastics, Inc., Minneapolis, Minn. 

Techniform, Inc., Van Nuys, 

Texstar Plastics, A Div. of The Texstar 
Corp., Fort Worth, Texas 

Them ~ Plastikraft Corp., New Hartford, 


To sa Corp. Latrobe, Pa. 
Tuff-Clad, Inc., Kent, Ohio 
W arminster Fiberglass Co., Warminster, 
Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 

Woodall Industries, Inc., 

Mich. 
Wood-Fab., Inc., Lester Praire, Minn. 


dont. Terrace Plastics, Inc., Inglewood, 
salir, 


Detroit 34, 


FLAME SPRAYING, PLASTICS 


Allied Engineering & Production 
Corp., Alameda, Calif. 

Crystal-X Corp., Lenni Mills, Pa. 

Fiore, William M., 


% Indicates Advertiser 


Inc., Brooklyn 32, 


Plastic Suppliers and Manufacturers, 


Baton Rouge, La. 
Plastonics, Inc., E. Hartford 8, Conn. 


Schori Process eg Port Washington, 
Tetrafluor, Inc., Inglewood 1, Calif. 


HEAT SEALING PLASTIC FILM 
AND SHEET 


A. Contact, impulse 
B. Electronic 


A & B Plastics, Div. of Plastic Supply 

Corp., Seattle 9, Wash. (B) 
A & S $ Steel Rule Die Corp., New tox 
Able am Rule Die Co., New York 12, 
Acme Laminating & Plastics Co., _ a 


Detroit, Mich. 


Acor Plasticover Co., Inc., New York, 


N. Y. A, B) 
a Mfg. Co., Inc., New York 35, 
Inc., The, Flint 7, 
Mic e 
Anders Co ., Paterson 3, N. F B) 
ao Plastics, Inc., Broo ” 32, 
Argo Plastic Products Co., Cleveland 
13, Ohio A 
Art Plastic Mfg. Co., Los Angeles 21, 
Calif. (B 
Artmor Plastics Corp., Cumberland, 
Md. 
Austin Industries, Inc., Marlboro, Man 
Barr Corp., The, Richmond Hill, N. Y. 
Bedford Products, Inc., Roanoke, Va 


Ameriplastic Co., 


(B) 
Birdair Structures, Inc., Buffalo 12, N. Y. 
B) 


Borkland Laboratories, Marion, Ind. (B) 
moe Enterprises, Inc., Rochester 9, 


Brockton Plastics, Inc., Brockton, Mass. 
B 


*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. (B) 
Canton Containers, Inc., Canton 7, 


Ohio (A, B) 
Carbert Mfg. Co., Inc., Cambridge 39, 
M B 


ass. , 
Chicago Plastic Products Co., Inc., = 
cago 10, (B) 
Colvin-Friedman Co., Springfield, re 4 

A, B) 


Continental Extrusion Corp., Brooklyn 
1, a A 


N. 

Contour Packaging Co., Manayunk, ie 
adelphia 27, Pa. (A, B 
Cox Plastics Corp., Buffalo, N. Y. B} 
Crystal-X Corp., Lenni Mills, Pa. {A, B) 
Daylite Industries, Brooklyn 11, N. Y. (B) 
*DeWitt Plastics Div., Shoe Form Co., 

Inc., Auburn, N. Y. (B) 
Dumais Co., Joseph F., Fall River, 
Mass. B) 
Electro Plastic Fabrics, Inc., on 
Va. 
Electro Plastics Corp., Dallas 7, — 


(A, B) 

Electronic Wave Products, Inc., 
York, N. Y. (B) 
Fabrico Mfg. Corp., Chicago 22, Ill. (B) 
Foam Products, Inc., Manchester, Pa. 


Herculite Protective Fabrics, ~ 
, N. J. B 

Ideal hag Div. of Ideal Toy Corp., 
Hollis 23, N. Y. ‘ts 

Industrial Sad Su upply pu, inte 
trial Safety Supply Co., Inc., 
Hartford 10, Co 


*Kabar Mfg. Corp., Roosevelt, 


SPECIALIZED SERVICES 


Industrial T. 
Freeport, N. (B) 
a Plastic Co., New York 3B 


PR nt S. L, Mfg. Co., Chicago 5, 

Tl. (B) 
Y. (B) 
Kingsbacher Murphy Co., tr “Ange les 


45, Calif. (B 
Madan Plastics, Inc., Cranford, N. A 
Menken 


inn. (A, B) 
Marbek, Inc., Brooklyn 22, N. Y. (B) 
* Mayflower Electronic Devices, Inc., 
Little Ferry, N. J. (A, B) 
ig Plastics Co., Inc., Salem, 


Men Mfg. Co., 


mt Products 7 ‘ 


Mankato Paper Box Co., 


Cincinnati 2, Ohio 8) 

Mercury Heat me | Equipment Co. 
Philadelphia 33, 

Milmar Plastics, Inc., , ER Ma 


A) 

Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, . ee (A) 
New England Tape Co., > Mow 
Novelty Bias Binding Co., Chelsea, 


Mass. } 
Omaha Plastics Co., Omaha 8, Neb. (B) 
sie Valley Plastics Co., ae 


is, Artisans, Inc., Port eae 


Plastic ‘Extrusion & Engineering Co., 
Inc., Westboro, Mass. (B 
Plastic Industries, Inc., Athens, Tenn. 


. ) 

Plastic Service Corp., New York 10, 
N. Y. ®) 
Plastics by Chapman, Richmond, rr -3 


Plastics Center of Texas, Inc., San An- 

tonio 4, Texas (B) 
Plastimayd Corp., Portland 14, Ore. (B) 
Polo Plastics Co., Milwaukee 12, bi 


Poly Plastic Products, Inc., Paterson 4 
N. J. 

Premier Plastics Co., Milwaukee 4, = 

Price Bros. Plastics Corp., Worcester 2 


Mass. 

Printon Corp., New York, N. Y. (A, 3) 

Foe Lining Corp., Cre 31, 
N. . > 


Raven Industries, Inc., Sioux be 


Reliance Plastic & Chemical Corp., 
Paterson 26, N. J. ( 
Resin Systems Div., Fenwal, Inc., Ash- 
land, Mass. " 
Reynolds Plastics, Inc., Walled Lake, 
Mich. (A, B) 


a Printing Co., Inc., Ridgefield 
N. J. 


Ross, Milton, Co., The, Hatboro, Pa. (B) 
Santay Eastern, Inc., Syracuse 4, N. “hi 
Simplex Plastic Products, Inc., Brook- 
lyn 18, N. Y (B) 
Singleton & Mack, Inc., Akron 13, 
Ohio (B) 
Southern Plastic Products Co., Riviera 
Beach, Fla. (A) 
Spartan Products, Inc., Madison Heights, 
Mich. (B) 
Spartan-Dermoplast Corp., $. El Monte, 
Calif. (A, B 


Sogie 7 ey » Spine. 


Syracuse 2 
a 3 (A, B) 
Teitelbaum, N., Sons, Inc., New York 

51, N. Y. (A) 


Syracuse Plastic Molders, 
N. Y 
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SPECIALIZED SERVICES 


Tewes Plastics Corp., Waukesha, Wis. 

(B) 

Things, Inc., Denver 3, Colo. (A, B) 

Thomas, Charles W., Inc., Philadelphia 

24, Pa. (B) 
Victory Plastics Co., Hudson, Mass. 


(A, B) 
Waltco Products, Inc., Chicago 9, IIl. 
B 


Webster Industries, Inc., Salem, Mass. (A) 
Western Specialty Mfg. Corp., Chey- 
enne, Wyo. A, B) 
Willco Plastics, St. Louis 2, Mo. (A) 
Woodall Industries, Inc., Detroit 34, 
Mich. (A) 
Wright Sales Co., Newark 5, N. J 


(A, B) 


HEAT TREATING OF 
POLYETHYLENE FOR PRINTING 


Canton Containers, Inc., 
Ohio 
Celanese Plastics Co., Royal Container 


Div., Newark 2, N 


Continental Extrusion Corp., 


Canton 7, 


Brooklyn 


1, 
Davidson Products Co., Seattle 9, Wash. 
Kapgo Plastics Corp., Manchester, N. H. 
Kreid] Chemico Physical Co., The, Hope, 
N. 


J 
Loma Industries, Ft. Worth 10, Texas 
Maynard Plastics Co., Inc., Salem, 
Mass. 
Mehl Mfg. Co., Cincinnati 2, Ohio 
Multicraft, Inc., Hillside, Tl 
Permanent Label Corp., Bloomfield, 


N. J. 
Plastic Art Metallizing Corp., Brooklyn 
22, N. Y 


ee Plastic Products, Inc., Paterson 4, 

Rex Plastics, Inc. 

Shore Line 
Conn. 

Sperzel Co., Minneapolis 8, Minn. 

Tri-State Plastic Molding Co., Hender- 
son, Ky. 


. Thomasville, N. C. 
Industries, -Inc., Clinton, 


HOBBING 


ABA Tool & Die Co., In 
Conn. 


Ace Tool & Manufacturing Co., 
ark 5, N. 


Ae ne Plastic Die Corp., Chicago 48, 
I 


.. Manchester, 


New- 


*Akron Presform Mold Co 
hoga Falls, Ohio 

Allied Engineering & Production Corp., 
Alameda, Calif. 

Allied Engravers, Inc 
N. Y 


, The, Cuya- 


, New York 12, 


A-l Tool & Die Co., Inc., Melrose Park, 
I 


Astor Tool & Die Co.., 
City 1, N. ¥ 

Auburn Plastics, Inc., Auburn, N. Y. 

Brilhart Plastics Corp., Mineola, N. Y. 

Byrd Plastics, Inc., Erie, Pa 

*Clifton Hydraulic Press Co.., 
N. J 


Long Island 


Clifton, 

Daniels-Kummer Engraving Co., Addi- 
son, Ill 

E-W Mold & Tool Co., Inc 
polis 6, Ind. 

Euclid Engineering Co., Upland, Calif. 

Gemloid Corp., Long Island City, N. Y. 

General Machine & Tool Works, 
Walled Lake, Mich. 

Helmuth Tool & Die Co., Linden, N. J. 

Hob-Masters, Inc., Lyons, Il. 

Industrial Engineering Service, 
Easton, Mass 
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Laminated Sheet Products Corp., Nor- 
wood, Mass. 
Libbert Plastics, Inc., Fort Worth 14, 


Texas 
*Liberty Tool & Machine Co., 

p... ll J. 
Loma Industries, Ft. Worth 10, Texas 
hago: , ns & Engraving Co., Addi- 


rm By Co., gay 30, Il. 

Modern Tool & Die Co., Inc., Leom- 
inster, M 

Mojave Die & & "Engraving, Los Angeles 
37, Calif. 


Moldcraft Inc., Baltimore 11, Md. 
New England | Die Co., Inc., Taunton, 
Mass. 
*Newark Die Co., Newark 2, N. J. 
*Newark Die Hobbing & Casting Co., 
Newark 2, = }- 
Palfy Die & Mold Co., The, Cleveland 
29, Ohio 
Payne Tool & Engineering Co., The, 
Springfield, Ohio 
Plastic Mold Tool & Die Co., Inc., E. 
Rutherford, N. 
Primas Moldmakers, Inc., Buffalo 11, 
N. Y. 


Irving- 


Progresswerk, New York 3, N. Y. 
Prospect Mold & Die Co., Cuyahoga 
Falls, 7. 

Reinhold, 
geles 3, re alif’” 
Ross, Milton, Co., The, Hatboro, Pa. 
Seder Plastic C ‘orp., Ft. Collins, Colo. 
*Sierra Electric Corp., Gardena, Calif. 
Sossner Steel Stamps, Inc., New York 
N. Y 


is, BY. 

*Standard Tool Co., Leominster, Mass. 
Stott Tooi & Machine Co., Mineola, N. Y. 
Stricker-Brunhuber Corp., New York 

OR AD 

*Superior Plastics, Inc., Chicago 12, II. 
Tetrafluor, Inc., Inglewood 1, Calif. 
Tiso, John E., Mold Co., Copiague, N. Y. 

*Union Tool & Engineering Co., Dayton 

10, Ohio 
Waterbury Companies, Inc., 
bury, Conn. 


, Plastics, Inc., Los An- 


Water- 


LAMINATORS, HIGH-PRESSURE 


A. Decorative 
B. Industrial 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. (A) 
Aerojet-General Corp., Structural Plastics 

Div., Azusa, Calif 
Allegheny Plastics, Inc., Guo, Pa. 
B) 


All-Tech Industries, Inc., Miami es. “Fla 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland 13, 
Ohio (A, B) 
Blank, Arthur, & Co., Inc., Boston 15, 
Mass. (A, B) 
BoMyte Co., The, Silverdale, Pa. (A, B) 
Bostrom Corp., Milwaukee 4, Wis. (A, B) 
Buckstaff Co., The, Resilyte Plastic Div., 
Oshkosh, Wis. (A) 
C.T.L. Div., Studebaker-Packard Corp., 
Cincinnati 15, Ohio TB 
Chemold Co., Santa Monica, Calif. (A, B) 
*Cincinnati Milling Machine Co., The, 
Cimastra Div., Cincinnati 9, Ohio 
Coating Products, Inc., Englewood, Nh 
Colorvision Plastics, Inc., Boston 16, 
Mass. (A) 
Consolidated Plastic Sales Co., St. Louis 
23, Mo. (A) 
Consoweld Corp., Wisconsin Rapids, we 


Continental ans Co., Inc., ree 
Wi B} 
ted Fibre 7, (‘a9 


Crow Chemioal Corp. El Monte, cal 


Curry Arts, 4 . Pa. 
Dama Plastics, 
Devin Joseph, "Plastics 


(A, B) 
Bo Dt op wis 


Dumont ., San Rafael, Calif. 

—— ucts Co., age 
ic 

Efka Plastic Corp., Hoboken, N. Ne 

*Emeloid Co., Inc., The, Hillside 


Regiontes Co., The, oe we 
Baltimore 23, M £ 
#Fabticon Products, A pat ‘of The Ea 
Picher ie Lae Los a = (A, B) 
a & , Plastics 
a's “Pha (A, B) 
Persons Industries, Inc., New York 1, 


B 

a Co., Ror oy Springs, Okla. 
Fiberesin Plasti ‘oc, Wis, 
(A, B) 

Formica Corp., The, Cincinnati 32, i. 


Fortin Plastics, Inc., Van Nuys, Calf ‘a 
Franklin Fibre-Lamitex Corp., Wilmi 
ton 99, Del. ) 
General Electric Co., Laminated Products 
Dept., on, Ohio (A, B) 
Hercules Powder Co., Inc., Explosives 
Dept., Wilmington 99, Del. (B) 
Lamex, Inc., Norcross, Ga. (B 
Laminated Fiberglass Corp. of a 
New York 1, N. Y. Ne 
Leathertone, Inc., Boston 14, Mass. t AB 
Leon Chemical "Industries, Inc., 
Rapids, Mich. (A, B) 
The, Plastic Products 
i alls, N.Y. (A, B) 
Lone Star Plastics Co., Inc., Fort Worth, 
Texas (B) 
Lumar Optical Mfg. Co., Inc., Mount 
Vernon, N. Y. (A, B) 
Magnolia Plastics, Inc., Chamblee, Ga. 
Malco Plastics, Inc., Baltimore 15, . 


(A, 

Masterglas Div., Gisholt Machine co 
Madison 10, Wis. (A, B) 
Mica Insulator, Div. of Minnesota Mining 
& Mfg. Co., Schenectady, N. Y. (A. B) 
*National Plastic Products Co., The, Oden- 
ton, ; (A) 
*National Vulcanized Fibre Co., Wilming- 
ton 99, Del. (B) 


New England Laminates Co., Inc., Stam- 
ford, Conn. (B) 


Northern Plastics Corp., La Crosse, by 


Pacific Plastics Co., Seattle, Wash. (B) 
Fesewood Laminates, Inc., a 
Mas 

Plastic Age Sales, Inc., Saugus, Calif. (B) 
Plastic Industries, Inc., Athens, Tenn. (A) 
Plastic Laminating Co., merase . 
Plastic Service Corp., New York 10, N. Y. 

(A, B) 


Plastics by Chapman, Richmond, cm 


Polyply Co., San Diego 9, Calif. (A, B) 
Presco Plastics, Milwaukee 1, Wis. (B) 
Printloid, Inc., Long Island City 1, NG 


Reiss Associates, Lowell, Mass. (A) 
Reynolds Plastics, Inc., Walled Lake, 

Mich, (A, B) 
Richardson Co., The, Melrose Park, x 


(For complete addresses, see Alphabetical Index, p. 1179) 
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St. Regis — Co., Panelyte Div., Eat. 
mazoo, 
St. Regis Paper Co., Panelyte Div., Trem. 
ton, aa (B) 
*Scranton Plastic Laminating Corp., Scran- 
ton 5, Pa. A) 
Sealview Plastics, Inc., West Consho- 
hocken, Pa. 


xSeiberling Rubber Co., Plastics Oe, 
Newcomerstown, Ohio 
Sierracin Corp., The, Burbank, Calif 
A, B) 
3 Tonawanda, 


N. Y. (B) 
Spiral-Glas Pipe Co., Old Bridge, a J. 
B) 


Spaulding Fibre Co., Inc 


Standard Pyroxoloid Corp., Leominster, 
Mass. (A 
Los Angeles, Calif. (B) 


Swedlow, Inc., 
*Synthane Corp., Oaks, Pa. (B) 
Taylor Fibre Co., Norristown, Pa. (B) 
Tuff-Clad, Inc., Kent, Ohio (B) 
United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Manhattan 
Beach, Calif. (B) 
Vaupell Industrial Plastics, Seattle 7, 
Wash. (B) 
Victory Plastics Co., Hudson, Mass. (A, B) 
Westech Engineering, Santa Clara, Calif. 
Westinghouse Eleciric Corp., Micarta 
Div., Hampton, S. C. (A, B) 
Willson Camera Co., Havertown, Pa. (A) 
Wilson, Ralph, Plastics, Inc., Temple, 
Texas (A) 
Woodall Industries, Inc., Detroit 34, 
Mich. (A) 


LAMINATORS, THERMOPLASTICS 


\.A.A. Plastic Co., New York 17, N. Y. 
Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 
Airconductors, Gardena, Calif. 

Aircraft Specialties Co., Inc., Hicksville, 
N. Y. 

Allegheny Plastics, Inc., Coraopolis, Pa. 

Allied Engraving & Stamping Co., Buffalo 
10, N. Y. 

American Aerophysics Corp., Sub. of 
Harvill Corp., Compton, Calif. 

Arvey Corp., Laminated Materials Div., 
Chicago 18, Tl. 

Auburn Plastics, Inc., Auburn, N. Y. 

Barr Corp., The, Richmond Hill, N. Y. 

Blank, Arthur, & Co., Inc., Boston 15, 
Mass. 

Brulene Coated Textiles, Inc., Brooklyn 
21, N. Y 


*Carroll, J. B., Co., Chicago 12, 1. 
vine Price Tag Mfg. Co., Chicago 51, 


I 
Consolidated Plastic Sales Co., 
23, Mo. 


St. Louis 
Contour Packaging Co., Manayunk, Phil- 
id 1 27, Pa. 


Crowl C hemical Corp., El Monte, Calif. 
Curry Arts, Scranton 9, Pa. 

*Davis, Joseph, Plastics Co., Kearny, N. J. 
Daylite Industries, Brooklyn 11, N. Y. 
Dayton Plastics, Inc., Dayton 4, Ohio 
Efka Plastic Corp., Hoboken, N. J 
Electro Plastics Corp., Dallas 7, Texas 
Elm Coated Fabrics Co., Inc., New York 

16, N. ¥ 


*Emeloid Co., Inc., The, Hillside 5, N. J. 
Fabric Leather Corp., New York 1, N. Y. 
Facile Corp., Sub. of Sun Chemical 

Corp., Paterson 20, N. J. 
F sssler. M. J., & Co., Inc., 


N 


Brooklyn 21, 


Felsenthal, & Sons, Chicago 18, Ill. 
a " Sele Inc., New York 1, 
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Firestone Plastics Co., agg ng Pa. 

Flexcon Co., Inc., Spencer, 

Glassoloid Corp. of America, Clifton, N. 
*H & R Plastics Industries, Inc., Nazare 


a. 
Harte & Co., Inc., New York 16, N. Y. 
Herculite Protective Fabrics, Newark 7, 


N. J. 
Henan Rubber Co., Framingham, 
*Hlopp Plastics, oe. of Oe Hopp Press, 

New York 1, N. 

Kal Plastics, Inc., aol Se Mich. 

Kaykor Industries, Inc., Yardville, N. J. 
*Lamart Corp., Clifton, N. J. 

Lamex, Inc., Norcross, Ga. 

* Laminations, Inc., Scranton, Pa. 
Leathertone, Inc., Boston 14, Mass. 
Loma Industries, Ft. Worth 10, Texas 
Ludlow Plastics, Needham Heights 94, 

Mass. 
Lumar Optical Mfg. Co., Inc., 
Vernon, Y 

Malco Plastics, Inc., Baltimore 15, Md. 

Marbek, Inc., Brooklyn 22, N. Y. 

Metallic Plastics Corp., Long Island City 

N. 


Mount 


Modular heldieg Corp., Burlington, N. J. 
Parisian Novelty Co., Chicago 9, IIl. 
Perma Seal Plastic Products Co., St. Paul 
4, Minn. 
Plastex Process Co., Maywood, N. J. 
Plastic Center, Rochester 4, N. Y. 
Plastic Converters, Inc., Homewood, Ill. 
Plastic Extrusion & Engineering Co., Inc., 
Westboro, Mass. 
Plastic Glass Corp., Newark 5, N. J. 
Plastic Industries, Inc., Athens, Tenn. 
Plastic Laminating Co., Swarthmore, Pa. 
Plastic Laminating Corp., Vauxhall, N. J. 
Plastic Service Corp., New York 10, N. Y. 
Plastics by Chapman, Richmond, Calif. 
Polyplastex United, Inc., Union, N. J. 
Portage Plastics Co., Inc., Portage, Wis. 
Presco Plastics, Milwaukee 2, Wis. 
Printloid, Inc., Long Island City 1, N. Y. 
Printon Corp., New York 10, N. Y. 
Rainier Plywood Co., Tacoma, Wash. 
Reynolds Plastics, Inc., Walled Lake, 
Mich. 
Rich-Tex, Inc., Cedar Grove, N. J. 
Ridge Printing Co., Inc., Ridgefield, N. J. 
Ross & Roberts, Inc., Stratford, Conn. 
Rotobond, Inc., Bound Brook, N. J. 
Rowland Products, Inc., Kensington, 
Conn. 
Roysons, Inc., Cedar Grove, N. J. 
Rudd Plastic Fabrics Corp., Brooklyn 20, 


N. Y. 
Schjeldahl, G. T., Co., Northfield, Minn. 
*Scranton Plastic Laminating Corp., Scran- 


ton 5, Pa. 
Seattle 8, 


Seattle Plastic 
Wash. 

Sierracin Corp., The, Burbank, Calif. 

Sillcocks Miller Co., The, 


Laminators, 


Solatech Coating Corp., New Rochelle, 
a 


N. 
Strauss, H. B., Corp., Bronx 59, N. Y. 
Sun Steel Co., Chicago 36, Ill. 
Superior Laminating Co., New York 2 


N. Y. 
Teitelbaum, N., Sons, Inc., New York 51, 
N. ¥ 


Thompson Air Plastics, Mineola, N. Y. 
Tuff-Clad, Ine., Kent, Ohio 


United Laminations, Inc., Mayfield, Pa. 
Urrite Plastics Fabricators, Pico Rivera, 


Calif. 


Velveray Corp., New York 1, N. Y. 


Virginia Plak Co., New Yok’ 16, ie Y. 


Weblon, Inc., New York 36, N. 

Willson Camera Co., Havertown, Be. 

Woodall Industries, Inc., 
Mich. 


Maplewood, 


Detroit 34, 


SPECIALIZED SERVICES 


METAL ENGRAVING AND 
FINISHING 


(Dies, Molds, Rolls, etc.) 


*Chromium Corp. of America, Waterbury 
20, Conn. 

*Consolidated Engravers Div., American- 
Marietta Co., Charlotte 1, N. C. 
*Roll-Die & Mold Decorators, Inc. , Youngs- 

town 9, Ohio 


METALLIZING 


A. Flexible Plastic Film 
B. Rigid Plastic Sheets 
C. Molded Plastic Products 
(Closures, Emblems, 
Nameplates, Novelties, 
Panels, etc.) 
Adams Plastic Products, Cincinnati 14, 
hio (C) 
Aeroplastics Corp., Venice, Calif. (C) 
Alax ie cae Sales Co., New York rs 
All Purpose Roll Leaf Corp., 


Paramus, 
American sisting Corp., New York 


(C) 

*Amos Molded Plastics Div., Amos- 
Thompson Corp., Edinburg, Ind. (C) 
*Andover Industries, Inc., Sub. of Erie 
Resistor Corp., Andover, Ohio (C) 


B Cy T Plastic Finishing Co., Sventen, 


B, C) 
Babco, Inc., Chicago 18, Ill. . C) 
Bretier Product .. Inc., aa 


Byrd Plastics, Inc., Erie, Pa. C) 
Carpart Plastics, Inc., Owosso, Mich. ‘Gh 
Cae Products, Inc., enerer, 
New York 11, 

C) 
Chicago 47, a 
, Chicago 50, 


y (A, B, C) 
Dickmont Plastics Corp., Stamford, Conn. 
(C) 


N. J. 
Cohan Epner Co., Inc., 
N. Y. 
*Colonial Kolonite Co., 


Combined Electronics, Inc. 


Dorrie Process Co., Inc., 


Brooklyn 22, 
(A) 

Electric Avto-Lite Co., The, General 
Products Group, Toledo 1, Ohio (C) 
Electrochemical Industries, Inc., 
Worcester 3, Mass. (C) 
Flexible Packaging Div., Continental 
Can Co., Inc., Mt. Vernon, Ohio (A) 
Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. (A, B, C) 
Futura, Inc., Chicago 8, Ill. (C) 
*General American Transportation 
Corp., Plastics Div., Chicago 90, bs 


General Machine & Tool Works, 
Walled Lake, Mich. (A, B, C) 
Gits, J. A., Plastic Corp., ——. Til. 


Gits, J. P., Molding Corp., Chicago 44, 
Til. (C) 


Gomar Mfg. Co., Inc., Linden, Nhs 


=~ Joseph, Tool Co., Philadelphia 3 


PE & Co., Inc., Philadelphia 3, 
Pa. (A, B) 


Hy-Sil Mfg. Co., Revere, Mass. (A, B) 
Industrial Sales Engineers, New York 
Fs: Ke (C) 


International Plastic Co., New York 29, 
N. Y. (C) 


Jayron Corp., Leominster, Mass. (C) 
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SPECIALIZED SERVICES 


Kent Plastics Corp., Evansville 10, Ind. 


C) 
*Lamart Corp., Clifton, N. J. A) 
Marbek, Inc., Brooklyn 22, New York 


(A) 
Ae Inc., Long Island Cay J}, 


i Plastics Corp., Long Is 
City 1, N. Y. (B) 
Metaplast Process, Inc., Woodside 77, 


% 4 (B, C} 
*Michigan Plastic Products, Inc., Gra 

Haven, Mich. (C) 

Midland Coatings, Inc., Manso 


13, Minn. , ) 
Mueller, Emest, Los Angeles 36, Ca if 
. J ) 
National Vacuum Platers, Inc., Phila- 

delphia 25, Pa. (C) 
Norco Plastic, Inc., Milwaukee, “S 
Nosco Plastics, Inc., Erie, Pa. C) 
Owens-Illinois Glass Co., Plastics Div., 

Toledo 1, Ohio (C) 
Pam-Pro Plastics, Menlo Park, Calif. (C) 
Pesegee Rubber Corp., Easthampton, 

(C) 

Parco Co., Newark 5, N. J. (C) 
Perfection Finishing Corp., Weunen, 
io (C) 
Phoenix Plastics Co., Phoenix, Ariz. (C) 
ia ig Plating Co., Inc., Brooklyn Af 


Y. 
Plastic Art Metallizing Corp., ees 
22, N. Y. 


Plastic Engineering Co., Panteiot 
C) 


L 
Posie Inlays, Inc., Summit, N. b . 


(B, 
Plastic Products Co. of Utah, Salt Lake 
10, Utah B, 


( 
Plastiplate Co., Inc., South River, NL 
( 
Platecraft, Ine., Los Angeles 46, Calif. 
(C) 
Poly-Kote, Ine., North Attleboro, a 
C) 


Premier Vacwum Process Corp., Mas- 

peth 78, N. Y. (B, C) 
Printon Corp., New York 10, N. Y. 

(A, B) 

Prolon Plastics, Florence, Mass. _(C) 

Regal Plating Co., Benton Rete, 


Mich. (B, 
Ross, Milton, Co., The, Hatboro, Penn. 
sylvania 
Santay Corp., Chicago 24, Il. iS 
Santay Eastern, Inc., Syracuse 4, me 
C) 
ache Mfg. & Tool Co., Chicago al. 
C) 
Sparling Plastic Industries, Inc. Me us 
16, Mich. B, C) 
Specialized, Plating Co., Los "—Nngulas 
mg Martin Vacuum Plating Co., 
Inc., Bayonne, , (A, B, C C) 
*Superior Plastics, Inc., Chicago 12, S 


Inglewood 1, Calif. 
(A, B, C) 
*Thierica Studio, Inc., Grand Rapids 5, 
Mich. Cc 
Trans-Plastics Corp., Cleveland 27, Ohio 
B) 
Middletown, 
) 


(Cc 
Los Angeles 25, California 
C) 


Tetrafluor, Inc., 


Tri State Specialty, Inc., 
N. Y. 

Trivac Co., 
is ee & Mfg., vines 


Vac-Art, Ine., Bay City, Mich. (B, C) 


Vacumet Finishing, Inc., Detroit 12, 
Mich. (C) 

Vacuum Metalizing Corp., Hollis 23. 
N. Y. (A, C) 

Vacuum Plate Corp., Culver Citv, 
Calif. 
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Waterb Companies, Inc., Wenn. 


bury, mn. & 
Welch Plastics & Mfg. Co., Inc., Co- 

lum 8, Ohio (Cc 
at - ar aga Print Works, Inc., Trenton 


ys (A 
Wolverine Plastics, Inc., Milan, Mie 


MOLD MAKING 


Electroforming 

Metal Spraying 

Plaster 

Reinforced Plastics 

Rubber (See also Bags, 
Vacuum and Pressure, 
p. 1128) 

Machined Metal 
(Working, Cutting, 
Assembling Steel, 
Aluminum, Beryllium 
Copper, etc. into 
Molds for Plastics 
Processing Techniques) 

G. Cast Metal 


ABA Te Tool & Die Co., Inc., » Meniates, 

ASK. Plastic Mfg. Co., aT 
23. Pa. 

Ace Plastic piling Corp., Long Island 


City 1, N. (F) 
Ace Tool ky Co., ar 


ark 5 
Adee ae Products, Cincinnati ie, 


Ohio 
Aimee Molded Plastics Corp., Chi- 

cago 39, Ill. (F) 
Advanced Casting Corp., Brooklyn, ae 


Akromold, Inc., Akron 1, Ohio (F) 

*Akron Presform Mold Co., The, Cuya- 

hoga Falls, Ohio (A, B, D, E, F, G) 

Akron Standard Mold Co., The, Akron 

5, Ohio (F) 

Alliance Mold Co., Inc., Rochester 6, 
N. Y. ( 


Allied Engineering & Production Corp.., 

Alameda, Calif. (B, D, F, G) 
Allied Mfg. Co., Seattle 44, Wash. (F) 
a a eae Mold, Inc., Saddle ey 


All-Tech Industries, Inc., Miami 68, 
Fla. (D) 


American an ics Corp., Sub. of 
Ha ong oe Calif. (D, F) 
American Callie Corp., The, Miami 56, 
Fla. (F, G) 
Anderson Die & Mfg. Co., Portland 19, 
re. (F) 
Anson Tools & Gages, Inc., Erie, A 
A- i me & Die Co., Inc., Melrose Park, 
Arnkurt Associate Engineers, New York 
LB (C) 
*Artag Engineering Corp., Chicago 18, 7 


Astor Tool & Die Co., 
City 1, N. Y. 
Atkins & Merrill, Inc., 


Long Island 
Desthenn, Mass. 
(C, D) 

Atlantic Mfg. Co., Philadelphia 22, Pa. 
(D, F) 


Atlas Plastics, Inc., Little Ferry, Nd 
Atols Tool & Mold Corp., Schiller Park, 
Il. (F) 


Auburn bg Inc., Auburn, N. Y, 
Avsco, Excelsior Sprin a O Mo, 
* Axel Past’ ey. La’ ae a 
i D 
*B& E RP ala Co., Union, ., 
Bacon & Weber, Chicago 22, mn z: 
ww Perkins (Exports), L Ltd. 


, N. 
Beacon Die-Mold 


Beazy’s Moldmakers, Peru, Ind. 
*Becker & Van Hiillen, Krefeld, Wi 
Germany 
Beel avinectiog Co., Newark 2, N. 


ee Ae Associates, tviostn, I 


= 


29525: 
CES 38 os 8 SS 


Ber; gen Mg | & Engineering, 

Bermer ‘Tool & Die, Inc., Southbridge, 
Bernard Plastics Rn ae Corp., 
Island City 1, N 

EK Molding a Inc., a 

er, Engineering Co., Brooklyn 17, 


me Corp., Milwaukee 4, Wis. (D) 
me A Mfg. Corp., New York 13, 


(B, E) 
Brilhart Plastics Corp., Mineola, N. Y. 


(F) 

Brunswick ., Defense Products Div,, 
Muskegon, fich. (B, D) 
Buhler Bros., Uzwil, Switzerland _(F) 
ee Molding Corp., Burlington, 


Buttondex Corp., New York 16, N. ¥. 
Byrd Plastics, Inc., Erie, Pa. 


(F) 
Capitol Plastics Co., Lansing, Mich. (D) 
srg Tool & Machine Co., Marietta, 


ase 


Fo 


(F) 
ah a Plastics Co., Royal Container 
Div., Newark 2, N. 
Chaney Plastic Molding Co., Denver 
16, Colo. 
Chemtron Fiber Glass Co., El Monte, 
(D, E Hr 


Calif. 
*Chicago Mold Engineering Co., 
Hillside, I a 
*Conforming Matrix Corp., Toledo tk 


Cook, Lawrence H., Inc., E. Provi- 
dence 14, R. I. 

Cowan Plastic Products Corp., Provi- 
dence 9, R. 

Cumberland Tool Works, Chicago 22, 


Cuming, M. A., & Co., Inc., New York 
12, N. Y. E, 
Dama Plastics, Inc., Springfield, Pe ” 


Damac Tool Co., Bronx 56, New Ye 


Damen Tool & Engineering Co., Inc, 
Chicago 31, Til. 

Daniels-Kummer Engraving Co. Addi- 

son, Til. (F) 

Danish Plastics, Copenhagen, Denmark 

(A, B, C, D, E, 

Daylite Industries, Brooklyn 11, N. & 


Dayton Rogers Mfg. Co., Minnoaaa 
7, Minn. 


Decatur Plastic, Inc., Decatur, FY 
bama (F) 


Delkay Plastics Corp., Gardena, Cm 


Diamond Plastic 
Roanoke, Va. 


Diemolding Corp., Canastota, N. Y. 
E-W Mold & Tool Co., Inc., Indian 
apolis 6, Ind. (B, F) 


Industries, Inc, 
(F) 


(For complete addresses, see Alphabetical Index, p. 1179) 
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Electro Plastics Corp., Dallas 7, Texas 


Electroforms, Inc., Gardena, Calif. 


A, B) 
Electromold Corp., Trenton 9, N. A\ 


on Tool & Engineering Co., 
o 51, Ill. (F) 
Engel ing Patterns, . Inc., on 
I 
Brine Fees Corp., New Oe 


F) 
soci Engineering Co.; Upland, Ca ¥ 


*European Plastic Machinery AB, Mal 
moe, Sweden 


Evans-Zeier Plastic Co., Madison A 
puck. “Mold, Inc., Indianapolis 3, Ind. 


) 
F & F Mold & Die Works, Inc., Day- 
ton, Ohio (F) 
Fawn Plastics Co., Inc., Timonium, 
Marylan F 
Fortney Mfg. Co., Inc., Newark 5, 


*Govicli Mfg. Co., Wallington, N. J. 
Garray Plastics, Inc., Kearny, N. J. (F) 
Gemloid Corp., Long Island City, N.Y. 


*General American Transportation 
Corp., Plastics Div., Chicago 90, IIl. 


(F) 
General Die Mold Co., Chicago 12, Til. 


*General Industries Co., The, Elyria, 
Ohio (D, F) 
General Machine & Tool Works, 
Walled Lake, Mich. } 
Geneve Mfg. Corp., Trenton, N. J. (A) 
*Getty Machine & Mold, Inc., Clifton, 
N. J. (F) 
Gibson Associates, Inc., Cranford, N. J. 


F 
Gilbert Plastics & Supply Co., Balti- 

more 3, Md. D 
Gits, J. A., Plastic Corp., Roselle, = 


Gougler, C. L., Machine Co., Kent, 
Ohio (F) 
Guild Molders, Inc., Elmsford, N. Y. (F) 
Gulliksen, Wm. M., Mfg. Co., Newton 
Lower Falls 62, Mass. (F) 
.—~ Joseph, Tool Co., Philadelphia 32, 
(F, G) 

Sealey Plastics Co., St. Louis 17, Mo. 


(D) 
Hartbauer Tool & Die Co., Portland 10, 
Oregon (F) 


Hartland Plastics, Inc., Hartland, wai 
A) 

a Industries, Inc., Wilmington 8, 
Del. (D) 


Header Tool Co., Southfield, Mich. (F) 
Hedrix, Frank, Co., Paramount, na 


High Strength Plastics Corp., Chicago 
Ill. (A, D) 
Rkesal Mfg. Co., Inc., Roselle, N. J. 


, 


Holmes, Stanley H., Co., Chicago 31, Il. 
(E) 


Husky Mfg. & Tool Works (Ont.), Ltd., 

Toronto 19, Ont. (F) 

*Hysol Corp., Olean, N. Y. (D) 

ay 2 Tool & Die Co., a a 
, B, 

Industrial Development Laboratories, 
Inc., Edgewater, N. J. ( 


Industrial Engineering Service, South 
Easton, Mass. 


Industrial Plastic Molders, Inc., Hialeah, 
Fla. (F 


—_—_— 
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Industrial Plastic Sapely | Oy, Indus- 
trial ~_ Supply Co., Inc., 
Hartford 10, 

Industrial ani te ‘Equipment Co., 
Orange, N. J. (D} 

James Industries, Inc., Paoli, Pa. (F) 

Japan Die & Tool Manufacturers Export 
Co., Ltd., Tokyo, Japan (A, F) 

ay, T. V., Co., Chicago 40, Ill. (A) 
pgo Plastics Corp., Manchester, & ES 

Karlstad, Andrew C., Sherman Oaks, 

Calif 


if. 
Kerrco, Lincoln 7, Neb. (D, E, * 
Ketchpel Engineering Co., West Engle- 
wood, N. J. (D, F, G) 
Kingman, E. B., Co., Leominster, Mass. 


(F) 
Kreier, Jr., George, Inc., Philadelphia 
, Pa. (C, ’ E) 
Kunst, John, Co., The, New York 7, 
N. Y. (E, F) 
Lamco, Inc., Lampasas, Texas (C, D) 


Lami-Plast Products Co., Tampa 3, Fla. 
D 


) 
Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. (D) 


Leominster Tool Co., Inc., Leominster, 
Mass. F 
Libbert Plastics, Inc., 
Texas 
as + “a & Machine Co., ving 


Fort Worth 14, 
(F) 


Lichtig, Elek, New York 11, N. Y. (C) 
Loma Industries, Ft. Worth 10, Oye 
Lunn sem Inc., Huntington Sta- 
tion, N. (D) 
Maine seehiiads Products, Boothbay 
Harbor, Maine (D, F) 
Majestic —_ Products, Inc., Hol- 
brook, N. Y. (F) 
Many, J. & Co., New York 13, N. 


ss ie Molding Co., Trenton 5, 
Master Molded Products Corp., Skokie 
3 F 
Metalmold Forming Co., Inc., Brooklyn 
we. ‘Ke (B) 


—— Process, Inc., Woodside 77, 
N. (A) 
vented Tool & Machine Co., Inc., 
Mountainside, N. J. (F 
*Midland Die & Engraving Co., ow 


son, Il. (F) 


Meet Plastics, Inc., ae 2. 
is 


Modern Tool & Die Co., Inc., Leom- 
inster, Mass. (F) 
Maser Molding Corp., Burlington, 
(D) 


same Die & Engraving, Los oat 
37, Calif. 
ae 9 Duplicating Co., Kenilworth, 
eink Inc., Baltimore 11, Md. (F) 
Mueller, Ernest, Los Angeles 36, e 
A, B) 
Nalle Plastics, Inc., Austin 1, Tex. (F) 
National Fabricating Co., S. Ozone Pk. 
me = A (F) 


New England Die Co., Inc., Taunton, 
Mass. (E, F) 
*Newark Die Co., Newark 2, N. J. (B, F) 
*Newark Die Hobbing & Casting Co., 
Newark 2, N. J. i i. 
Niles Corp., South Bend 17, Ind. (F) 
Norco Plastic, Inc., Milwaukee, Wis. 


F) 
North Star Industries, Inc., Minneapo- 
lis, Minn. (F) 


SPECIALIZED SERVICES 


Nu-Engineering, Inc., 
Mich. 


Nylomatic Corp., Morrisville, Pa. (F) 
Oak Baginsering Co., Inc., nee 
City, D, F) 
Oakley Die & Mfg. Co., B ., i The, 
Cincinnati 9, Ohio (F) 
O’Day Mfg. Corp., Fall River, Mem, 


) 
Osley & Whitney, Inc., Westfield, Mass. 
Palfy Die & Mold Co., The, Clevela 


, Ohio (F) 
Pam-Pro Plastics, Menlo Park, Calif. (F) 
Posees Plastic Corp., New York 12, 


Y (F } 

Pager Plastics Corp., Pittsburgh * 

— o. Plastic Products, Inc., m7 
Patti-Plastics Corp., Newark, N. 


Pearce a, Inc., Molded Plastics 

Div., Miami 4 2, Fila. (F) 
Feuliss Piastics, Gio City, Calif. (F) 
Phoenix Plastics Co., Phoenix, Ariz. (F) 
= Plastic Products, Inc., —s 
weet | Plating Co., Inc., Brooklyn K 


N 
Plano Molding Co., Plano, Il ‘F) 
Plastic Corp. of Chicago, Lyons, Il 


Plastic Distributors of New 
Manchester, N. H. 

ra Engineering Co., Pawtuckst, 

Plastic ag gg Div. of The Wood- 

Decatur , Ga. (D) 

Plastic Mald't & "Tool Co., Philadelphia 


Pa. 
Plastic Mold _ & Die Co., Inc., E. 
Rutherford, N. J. (A, F) 
Plastic Precision Parts Co., Chicago 3, 


Plasti-Cast Mold & — Co., Akron 

6, Ohio C, D, E, F ©) 
Plastics, Inc., St. Paul 5 Minn. "(F 
Plastiplate Co., Inc., South River, N. J. 


(A 
x a Co., Long Island City 1, 


(D, E) 
Pies Tool Co., Skokie, Il. (F) 
Plated Moulds, Inc., Yonkers, N. Y. (A) 
Plating Engineering Co., Milwaukee 19, 
Wis. (A) 
Plura Plastics, Maplewood, N. J. (F) 
*Premix, Inc., Conneaut, Ohio (D) 
Primas Moldmakers, Inc., Buffalo 11, 
N. Y. (F) 
Process Mold Co., Detroit 5, Mich. (F) 
Prodel, S.A., Societe de Produits In- 
dustriels, Paris 16, France (F) 
Progresswerk, New York 3, N. Y. (F) 
Pro: Mold & Die Co., ow 
Falls, Ohio EF) 
Rainbow Plastic Products, m., ay 
apolis 16, Minn. (F) 
Rainco Mfg., Inc., Franklin, Pa. (G) 
Randazzo Plastic Co., Inc., Los Angeles 
47, Calif. (F) 
Rayette, Inc., St. Paul 1, Minn. (F) 
Rediweld, Ltd., Crawley, Sussex, Eng- 
land (F) 
Repco, Inc., Jefferson, Mass. (D) 
Reynolds Plastics, Inc., Walled Lake, 
Mich. (D, E) 
*Rezolin, Inc., Santa Monica, Calif. (D) 
Rochelle Plastic Mold Co., Inc., Clif- 
ton, N. J. (A, F) 
Rosbro Plastics Corp., Pawtucket, R. I. 
(F) 


Ferndale 20, 
(F) 


ngland, 


Rosenstock, David H., New York 13, 
N. Y. (F) 





SPECIALIZED SERVICES 


Ross, Milton, Co., The, Hatboro, — 
S-K-W Mfg. Co., Chicago 30 -o 
Santay Corp., Chicago 24, ii. 

Santay Eastern, Inc., Syracuse 4, N. Y 


F) 

Sarcol Foundry & Pattern Corp., i- 
cago 12, Ill. (D, E, F) 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 


a 
Schulz, Richard O., Co., Elmw 
Park 35, Il. (F) 
Scientific Cast Products Corp., Cleveland 
8, Ohio (C, G) 
Shaw Industries, Inc., Franklin, Pa. 


(D, F 
Sheller nate, Corp. Rested. Ind. F 
Sidco, N Plainfield, N é (E) 
*Sierra Electric Corp., Calif. 
(A, D, F) 
(D, F) 
Chicago $1, 
(F) 


Simons, A. J., Polk, Pa. 
_ Mfg. & Tool Co., 
South Salem Studios, South Salem, 
(C, D, G) 
Southern Plastic Products Co., Riviera 

Beach, Fla. ( 
Sperzel Co., Minneapolis 8, Minn. (F) 
Springfield Cast Products, Inc., Spring- 
field 9, Mass. (G) 
Springfield Tool & Die Co., Inc., 
Springie , N. J. (F) 
*Standard Tool Co., Leominster, me 
F) 
Union, N. J. (F) 
Trenton 9, N. J. 
A, F) 
Stott Tool & Machine Co., Mineola, N. Y 
(G) 
York 54, 
% < (F) 
Stricker-Brunbuber Corp., New York 
10, N. Y. (D, E, F) 
Cuyahoga Falls, Ohio 
(F) 
Chicago 12, Il. 


Sterling Plastics Co., 
*Stokes-Trenton, Inc., 


Suaheg Machine Co., New 
N 


Sun Plastic, Inc., 
*Superior Plastics, Inc., 


Tetrafluor, Inc., Inglewood 1, Calif. (D) 
Tillinghast Assoc iates of Germany, Ful- 
lerton, Calif. (F) 
*Tilp, J. G., Inc., Union, N. J. (F) 
Timely Products Co., Des Moines 15, 
Iowa (A) 
Tiso, John E., Mold Co., Copiague, N. Y. 
(F, G) 

Triana, Rafael, New York 32, N. Y. (C) 
Tri-State Plastic Molding Co., Hender- 
son, Ky. (F) 
Tylene Plastics, Inc., Michigan City, 


In (D) 
Une Ele sctroforming & Mfg., Pitman 
J. (A, C) 

Day- 
(F 


* Union he & Engineering Co., 
ton 10, Ohio 

United Fabricators & Electronics, Inc., 
Stillwater, Minn. F) 
United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Man- 
hattan Beach, Calif. (C, D) 
*U. S. Stoneware Co., The, Tallmadge, 
Ohio (F) 
Vacuum Plastics Corp., Columbus 22, 
Ohio (C, D) 
Vanadium-Alloys Steel Co., Latrobe, 
Pa. (G) 
Victor Kellering, Inc., Brooklyn 3, N. Y. 
(D, F) 

Victory Plastics Co., Hudson, Mass. 
» F) 
, Ozone Park i 
F) 
Warminster Fiberglass Co., Warminster, 
Pa. (D) 


Voges Mfg. Co., 
N, Y. 


Waterbury Companies, Inc., Water- 
bury, Conn. (F) 
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Welch Plastics & Mfg. Co., Inc., Co- 
lumbus 8, Ohio (F) 
Westech Engineering, Santa on 


Cali ° > 
Western Coil & Electrical Co., Racine, 
Wis (F) 


Western Specialty Mfg. Con. ay’ - 
enne, Wyo. E, F) 

Wiener Precision meee. 8, "Bronx, 
New York 


Zapf, Charles, & Co., Evanston, II. 


MOLD POLISHING (Only) 


ABA Tool & Die Co., Inc., Man- 
chester, Conn. 
Acme Scientific Co., Chicago 7, IIl. 
Anson Tools & Gages, Inc., Erie, Pa. 
Ah & Die Co., Inc., Melrose Park, 


Atlantic Mfg. Co., Philadelphia 22, Pa. 
Seeey_ maenering Co., Brooklyn 17, 
N 


*Chromium Corp. of America, Waterbury 
20, Conn. 
Damen Tool & Engineering Co., Inc., 
Chicago 31, Ill. 
o_o ummer Engraving Co., Addi- 
son 
Diamond. ‘Plastic Industries, Inc., Roan- 


E-W Mold & Tool Co., Inc., 
polis 6, Ind. 

Euclid Engineering Co.., 

a eo Tool & Die Co., 


Indiana- 


Upland, Calif. 
Philadelphia 


Liberty Tool & Machine Co., 
11, N. 


Many, J., & Co., New York 13, N. Y. 
Micron Specialties Co., Chicago 39, Til. 
Mirrolap Co. Chicago 30, TIL 

a Polishing Service, 


Irvington 


Riverdale, 
New England Die Co., Inc., 
Mass. 
*Newark Die Co., Newark 2 
Nutmeg Chrome ‘Corp., West Hanford 
10, Conn. 
Patti-Plastics Corp., Newark, N. J. 
Payne Tool & Engineering Co., The, 
Springfield, Ohio 
Plastic Mold Tool & Die Co., Inc., E. 
Rutherford, N. J. 
Rochelle Plastic Mold Co., Inc., Clif- 
ton, N. 
*Standard Tool Co., Leominster, Mass. 
Stricker-Brunhuber Corp., New York 
10, N. Y. 
*Supersonic Blast, Inc., Div. of American 
Technical Machinery Corp., Mt. Ver- 
non, N. Y. 


Taunton, 


MOLDERS OF EXPANDABLE 
STYRENE 


A.P.M., Inc., Morton Grove, II]. 

Aeroplastics Corp., Venice, Calif. 

Air-O-Plastik Corp., Union City, N. J. 

American Cellular Products, Inc., New 
Castle, Del. 

Arkell Safety Bag Co., New York, N. Y. 


Champlain-Zapata Plastics Machinery, 
Inc., Roseland, N. J. 


Colts Plastics Co., Inc., 
dale, Conn. 

Crown Plastic Cup Co., 
7, Texas 

Denver Plastics, Inc., Golden, Colo. 

Dura-Tech Corp., Boca Raton, Fla. 

— Industries, Inc., Winthrop 52, 

ass. 
Dyfoam Corp., New Castle, 
* Expandex Corp., Wauregan, ie 


N. Grosvenor- 


Fort Worth 


* Molded Insulation "et 


Foam Fabricators, Inc., Ltd., St. Louis § 
Mo. 
Foampak Corp., omega 23, Pa. 


Formex Corp., 
General Box Co., Des Plaines, Ill. 
Conse Plastics Corp., Santa Monica, 


Gits, J. A., Plastic Corp., Roselle, 1] 

Glo-Brite Foam Plastic Products, ‘Chi. 
cago 45, Ill. 

Gotham Industries, Inc., Chicago 10, I] 

Hanszen Plastics Co., Dallas 10, Teas 

Ideal Fishing Float Co., Inc., Rich- 
mond 3, Va. 

Illinois Plastic Molding & Mfg., Chi. 
cago 47, Il. 

Jersey _— & Die Casting Co., In. 
ington 11, N. J. 

Kalamazoo Plastics Co., 


Kalamazoo, 
Mich. 
L. M. Plastics Co.., 


Inc., Lake Mills }, 
Iowa 
Lakeside Mfg., Inc., Plastics Div., Mil. 


waukee 7, Wis. 
Lamco, Inc., Lampasas, Texas 
Loma Industries, Ft. Worth 10, Texas 
Lone Star Plastics Co., Inc., Fort 

Worth, Texas 
MMM, Inc., Houston, T: 

” Philadelphia 
Pa. 


Patti-Plastics Corp., Newark, N. J. 

Penn-Plastics Corp., Glenside, Pa. 

Plasteel Corp., Inkster, Mich. 

Polyspand, Inc., Irvington 11, N. J. 

~ Reproduction Co., Milwaukee 4, 
is. 


Pycofoam Corp., Norristown, Pa. 
Ross, Milton, Co., The, Hatboro, Pa. 
Spartan Plastic Corp.. Stanton, Calif 
Star Band Co., Inc., Portsmouth, Va. 
Stauffer Chemical Co., Molded Prod- 
ucts Div., Los Angeles 23, Calif. 
Sullifoam, Inc., Willow Grove, Pa. 


ba a as. Plastikraft Corp., New Hartford, 
» 


Tomd Corp., Latrobe, Pa. 

Valco Corp., St. Paul 4, Minn. 

*Weber Plastics, Inc., Stevens Point, 
Wis. 

Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 

Woodall Industries, 
Mich. 

Worcester Moulded 
Worcester 8, Mass. 
Zant-Terrace Plastics, Inc., 

Calif, 


Inc., Detroit %, 
Plastics Co, 
Inglewood, 


PANTOGRAPHING AND 
KELLERING 


A & B Plastics, Div. of Plastic Supply 
Corp., Seattle 9,- Wash. 


ABA Tool & Die Co., Inc., Manchester, 
Conn. 


Ace Plastic a Corp., 
City 1, N. Y. 


Akron doe Mold Co., The, Akron 
5, Ohio 


Alda Plastics, Inc., New York 13, N. ¥. 
Allen, Fred, Co., Inc., Houston 4, 


Texas 
Alliance Mold Co., Inc., Rochester 6, 
N. Y. 
Allied Engravers, Inc., New York 12, 
. A 


Long Island 


iN. 


Allied a a he & Stamping Co., Bul 
falo 10, "Y. 
sy sd ‘Mold, Inc., Saddle Brook, 
N. J. 
Allied Plastics Supply Corp., New York 
38, N. Y. 


Anson Tools & Gages, Inc., Erie, Pa 
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A-] Tool & Die Co., Inc., Melrose Park, 
il. 

A cenor Plastics Corp., Cumberland, 
Md. 


Astor Tool & aa Co., 
City 1, N. 

Atlantic Mfg. Mw Philadelphia 22, Pa. 
Atols Tool & Mold Corp., Schiller Park, 
Ill. 

*B & E Electroform Co., Union, N. J. 

Baumgartl’s, George K., Engravings, 
Belleville, N. J. 

Beacon Die-Mold, Inc., Clifton, N. J. 

Bolling Industries, Inc., Scranton 5, Pa. 

Byrd Plastics, Inc., Erie, Pa. 

Carson Tool & Machine Co., Marietta, Ga. 

#Chicago Mold Engineering Co., Inc., 
Hillside, Il. 

Clear View Plastics Corp., Poplar Bluff, 


Long Island 


Mo. 
Conn-Craft Co., Waterbury 5, Conn. 
Crystal Plastic, Inc., Brooklyn S. N. Y. 
Crystal-X Corp., Lenni Mills, 
Damac Tool Co., Bronx 56, Se York 
Damen Tool & Engineering Co., Inc., 
Chicago 31, Ill. 
Daniels-Kummer Engraving Co., 
son, 
Dayton Plastics, Inc., Dayton 4, Ohio 
E-W Mold & Tool Co., Inc., Indian- 
apolis 6, Ind. 
Eliay Corp., Baltimore 16, Md. 
Engelking Patterns, Inc., Columbus, Ind. 
Erinac Equipment Corp., New York 12, 
N. Y 


Addi- 


Euclid Engineering Co., Upland, Calif. 
Evans-Zeier Plastic Co., Madison 4, 
Wis. 

Excel-Mold, Inc., Indianapolis 3, Ind. 
Franklin Fibre- Lamitex Corp., Wil- 
mington 99, Del. 

*General American Transportation Corp., 
Plastics Div., Chicago 90, Ill 
General Machine & Tool 
Walled Lake, Mich. 

%Getty Machine & Mold, Inc., 
N. J 


Works, 
Clifton, 


Gilbert Plastics & Supply Co., 
more 3, Md. 

Har-E-Dan Engravers, B’klyn 8, N. Y. 

Harva Co., Inc., The, Schoharie, N. Y. 

Helmuth Tool & Die Co., Linden, N. J. 

Industrial Plastics Supply Div., Industrial 
Safety Supply Co., Inc., W. Hartford 
10, Conn. 

Libbert Plastics, Inc., 
Texas 

*Liberty Tool & Machine Co., 
11, N. J. 


Balti- 


Fort Worth 14, 
Irvington 
Lustra-Cite Industries, Inc., 


ee = 
unaniens Engraving Co., Inc., New 
; 


Brooklyn 


York 68, 

Mojave Die & Engraving, Los Angeles 
37, Calif. 

Miele Duplicating Co., Kenilworth, 

Moldosafe Inc., Baltimore 11, Md. 

New England Die Co. Inc., Taunton, 

ass. 

*Newark Die Co.., 

Palf, Die 
29, Okie” 

Payne Tool & Engineering Co., The, 
Springfield, Ohio 

Pierce Wrapping Machine Co., La 
Grange Park, Il. 

— Engineering Co. of Tulsa, Tulsa, 

Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 

Plastic Mold and Tool Co., Philadel- 
phia 35, Pa. 


_ 


kIndicates Advertiser 


Newark 2, N. 
& Mold Co., The, Clove’ 


Plastic Mold Tool & Die Co., Inc., E. 
Rutherford. 

Plastic Suppliers and Manufacturers, 
Baton Rouge, 

hg eee age Products West 
Nyack 

Plastics byt RES Richmond, Calif. 

Plura Plastics Maplewood, N. j. 

Prospect Mold & Die Co., Cuyahoga 
Falls, Ohio 

ig Products, Inc., Providence 5, 


Rorhelle Plastic Mold Co., Inc., Clif- 
ton, N. J. 

Ross, Milton, = ™ ong Pa. 

Ross, Seymour, atboro, Pa 

Sawaya Mfg. Co. oy Fe Trinidad, Colo. 

Schulz, Richard O., Co., Elmwood 
Park Ill. 

Sharpe Plastics, Inc., Sudbury, Mass. 

Shaw Industries, Inc., Franklin, Pa 

Sossner — Stamps, Inc., New York 


Corp., 


*Stokes- Trenton, Inc., Trenton 9, N. J. 
Strabeg Machine Co., New York 54, 
N. Y. 
Stricker-Brunhuber Corp., New York 
10, N. Y. 
Texstar Plastics, A Div. of The Texstar 
Corp., Fort Worth, Texas 
Victor Kellering, Inc., Brooklyn 3, N. Y. 
Wama Co., The, Baltimore 2, Md. 
Western Coil & Electrical Co., Racine, 
Wis. 
Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 


PERFORATING PLASTIC FILM 
AND SHEETING 


American Hard Rubber Co., Div. of 
Amerace . Butler, N. J. 

*Carroll Co., J. B., Chicago 12, ~ 

Chemicraft ‘Corp., "New York 1, N. 

* Conforming Matrix Corp., Toledo Yn, 
Ohio 

Contour Packaging Co., Manayunk, Phil- 
adelphia 27, Pa. 

Dayton Rogers Mfg. Co., Minneapolis 
7, Minr. 

Electro-Chemical Products 
Cleveland 10, Ohio 

*Emeloid Co., Inc., The, 


Corp., 
Hillside 5, 


Fibre-Lamitex Corp., Wil- 
mington 99, Del. 

G & S Label Corp., New York 1, N. 

Lamex, Inc., Norcross, Ga. 

Laminated Sheet Products Corp., Nor- 
wood, Mass. 

Leathertone, Inc., Boston 14, Mass. 

Lus-Trus Corp., Ypsilanti, Mich. 

Madan Plastics, Inc., Cranford, N. J. 

ars og “~~ Corp., Long Island 
City N. Y 

ans Plastics, Inc., 
Wis. 

Paver Converting Machine Co., Green 
Bay, Wis. 

Parisian Novelty Co., Chicago 9, III. 

Patti-Plastics Corp., Newark, N. J. 

Payne Tool & Engineering Co., The, 
Springfield, Ohio 

Pen Mac Nye Co., The, Akron 10, Ohio 

Perforated Products, Inc., Brookline 46, 
Mass. 

Perforated Specialties Co., 
5 ee 


APesteoating Industries, Inc., Linden, 


N. J. 
Franklin 


Milwaukee 2, 


New York 


Permonite Mfg. Co., Chicago 7, Il. 


Plastic Distributors of New England, 
Manchester, N. H 


Preiite Phenolics, Inc., Franklin Park, 


SPECIALIZED SERVICES 


Printon Come New York 10, N. Y. 
oe . S., & Co., Culver City, 


Sillcocks Miller Co., The, Maplewooa, 


Wobser Industries, Inc., Salem, Mass. 
ween Industries, Inc., Detroit 34, 
ich. 


PLATING MOLDS, RAMS, ROLLS, 
AND PLATES 


(Hard Chromium) 


Astor Tool & Die Co., Long Island 
City 1, 

*Chromium Corp. of America, Waterbury 
20, Conn. 

Damen Tool & Engineering Co., Inc., 


Chicago ied il 


Chromium Co. .. Inc., 
Newark, J. 
—, et Co., West Hartford 


Indsial E Engineering Service, South 
Easton, Mass. 
Industrial Hard Chromium Co., New- 
ar . 
Jay, T.V cago 40, Ill. 
Micron Sethe om Chicago 39, Ill. 
te rome Corp.. West Hartford 
Sawaya Mfg Co., Inc., Trinidad, Colo. 
*U. S. Me. Coatings Co., Inc., Middle- 
sex, N. 


POSTFORMING OF LAMINATES 


A.B.S. Mfg. Co., Inc., New York 11, 
N. Y. 
Brandywine Fibre Products Co., Wil- 
mington, 
— Fiber Glass Co., El Monte, 
Chicago Plastic Products Co., Inc., 
Chicago 10, II. 

Curry Arts, Scranton 9, Pa. 

*Emeloid Co., Inc., The, Hillside 5, N. J. 
Emerson Plastics Corp., Bronx 61, N. Y. 
Engineered Plastics, Inc., CGibsonville, 


Fabri-Form Co., The, Byesville, Ohio 
Formica Corp., The, Cincinnati 32, 


io 

Franklin Fibre-Lamitex Corp., Wil- 
mington 99, 

General Plastics Mfg. Co., 
Wash. 

Insulating Fabricators of New England, 
Inc., Watertown 72, Mass. 

Jaco Products Co., Cleveland 14, Ohio 

Laminated Sheet Products Corp., Nor- 
wood, Mass. 

Lone Star Plastics Co., Inc., Fort 
Worth, Texas 
Long, Thomas J., 

N. Y. 


Tacoma 9, 


Inc., Carle Place, 


— Molding Corp., Burlington, 


New England Laminates Co., Inc., 
Stamford, Conn 


Pam-Pro Plastics, Menlo Park, Calif. 

Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 

Plastic Industries, Inc., Athens, Tenn. 

Poagien Phenolics, Inc., Franklin Park, 

Reynolds Plastics, Inc., Walled Lake, 
Mich. 


*Sierra Electric Corp., Gardena, Calif. 
a A Insulation, Inc., Bronx 61, 


Swedlow, Inc., Los Angeles, Calif. 





SPECIALIZED SERVICES 


Tetrafluor, Inc., Inglewood 1, Calif. 

United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Man- 
hattan Beach, 

Wesem Engineering, Santa Clara, 
Cali 

— Coil & Electrical Co., Racine, 

Woorkal Industries, Inc., Detroit 34, 

Mich. 


PRESS POLISHING 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 

American Hard Rubber oo Div. of 
a Cm a5 a + yr 

Be N eorge ngra gs, 


Blank, Arthur, Ee Co., Inc., Boston 15, 
Mass. 

et Price Tag Mfg. Co., Chicago 
I 


Curry Arts, Scranton 9, Pa. 

* Davis, Joseph, Plastics Co., Kearny, 
N, 

Daylite Industries, Brooklyn 11, N. Y. 

*Emeloid Co., Inc., The, H tritleide : 5, N. J. 

General Machine & Tool Works, 
Walled Lake, Mich. 

Glassoloid Corp. of America, Clifton, 


N, J. 
*Hopp Plastics, Div. of ta Hopp Press 
Inc., New York 1, N. Y 
Kaykor Industries, Inc., Yardville, N. J. 
Leathertone, Inc., Boston 14, Mass. 
Parisian Novelty Co., Chicago 9, Ill. 
Plastic Laminating Corp., Vauxhall 


N. J. 
Plastic Service Corp., New York 10, 
N.Y 


Plastics by Chapman, Richmond, Calif. 

Polyplastex United, Inc., Union, N. J. 

Portage Plastics Co., Inc., Portage, Wis. 

Presco Plastics, Milwaukee 2, Wis. 

Printloid, Inc., Long Island City 1, N. Y. 

Reiss Associates, Lowell, Mass. 

Roltex Process Corp., Roselle, N. J. 

Rowland Products, Inc., Kensington, 
Conn. 

ae Corp. of America, Hicksville, 

N. Y. 


Silleocks Miller Co., The, Maplewood, 
N. J. 

Teitelbaum, N., Sons, Inc., New York 
51, N. Y. 


Victory Plastics Co., Hudson, Mass. 
Virginia Plak Co., New York 16, N. Y. 


PULVERIZING, PELLETIZING 


Alan Plastics Corp., Canton, Mass. 
* Alpha Chemical & Plastics Corp., Newark 
5. N 


Amco Plastics Processors, Inc., Jamaica 
12, N. Y. 

Bamberger, Claude P., Inc., Ridgefield 
Park, N. J 


Blum, Paul, Co., Buffalo 10, N. Y. 
Chemplasco, Inc., Cincinnati 22, Ohio 
Collins, Caldwell & Dague, Inc., Para- 


mount, 


Composition Materi: als Co., Inc., New 
York 36, N. Y 

Coz Chemical Corp., Northbridge, 
Mass. 

Danberg Chemical Co., Wallingford, 


Conn. 


*Davies Nitrate Co., Inc., New York 6, 


N. Y. 
Erie Plastics Co., Inc., Erie, Pa. 


Heisler Corp., hey 99, Del. 
* Holland, M 
Kaufman yh to Plastic Div., Wil- 
mington 99, Del. 
Metals Disintegrating Co., Div. of 
2 eae Co., Elizabeth B, 


J 
Monmouth Plastics, Asbury Park, N. J. 
— cones Corp., Inc., San Fran- 


oie me Corp., Buffalo 10, ¥. 
nn Pulverizers Co., Inc., i boken, 


Plastic’ Molding Powders, Inc., Kearny, 
Ross, Charles, & Son Co., Brooklyn 5, 


igcinnie. A Inc., Akron, Ohio 
ope, Pulp, & Sons, Inc., Buffalo 6, 


N. Y. 
Success Plastics Corp., Indianapolis 6, 
Ta Custom Compounding Co., Erie, 


a. 

Western Plastic & Rubber Co., Rich- 
mond, 

*Woloch, George, Co., Inc., New York 
ll, N. , A 


RECLAIMERS, PLASTIC MATERIALS 


Adell Plastics, Inc., Baltimore 15, Md. 

Alan Plastics Corp., Canton, Mass. 

Allied Resins, Inc., Conneaut, Ohio 
a Chemica & Plastics Corp., New- 


J 
ion Plastics Processors, Inc., Jamaica 


12, N. Y. 
* American Molding Powder & Chemical 
Corp., Brooklyn 6, N. Y. 


NT Pyroxylin  Corp., 
American Thermoplastics Corp., Union, 
Brooklyn 37, 
Bamberger, Claude P., Inc., Ridgefield 


ark, N. J. 
Blum, Paul, Co., Buffalo 10, N. Y. 
Carver Corp., The, Norwood, Mass. 
Chemplasco, Inc., Cincinnati 22, Ohio 
Collins, Caldwell & Dague, Inc., Para- 
mount, Calif. 
*Cooke Color & Chemical Co., Hack- 
ettstown, N. J. 
Coz Chemical Corp., Northbridge, Mass. 
ai og | Nitrate Co., Inc., New York 6, 


Arlington, 


American Vinyl Corp., 
N 


Eastern Plastic Materials, Inc., Slaters- 


ville, 
Erie Plastics Co., Inc., Erie, Pa. 
Friedlander, M. S., Rego Park 74, N. Y. 
Goren, H. L., Co., Chicago 26, Ill. 


Hirtz, Walter E., Plastics Materials, 
Inc., Pasadena 3, Calif. 


*Holland Co., M., Chicago, III. 


Industrial Plastic Supply Div., Indus- 
trial Safety Supply Co., Inc., Ww. 
Hartford 10, Conn. 


*Krieger Color & Chemical Co., Inc., 
Hollywood 38, Calif. 
L & P Tool Co., Cincinnati 25, Ohio 


Midwest Rubber Reclaiming Co., East 
St. Louis, Il. 


Monmouth Plastics, Asbury Park, N. J. 


Moore Chemical Corp., Inc., San Fran- 
cisco 10, Calif. 


*Muehlstein, H., & Co., Inc., New York 
17, N. Y. 


Multiplastics, Wallingford, Conn. 
Omnifarious, New York 38, N. Y. 
Oppenheimer Corp., Buffalo 10, N. Y. 


a9) Molding Powders, Inc., Kearny, 
a, ae Materials, East Rochester, 
Plastic Scrap & Surplus Co., Newark, 


, Richmond, Calif, 
, Worcester 8, Mass, 
~—_ Plastic Fabrics Corp., Brooklya 


N. 
*Sch A., Inc., Akron, Ohio 
eg & ‘Sons, Inc., Buffalo 6, 


Success Plastics Corp., Indianapolis 6, 


*Superior Plastics, Inc., Chicago 12, Ill, 


— Custom Compounding Co., Erie, 
Western Plastic & Rubber Co., Rich. 


mond, Calif. 
sWeloch, G George, Co., Inc., New York 


Yates Co., voste, Pa, 


RESIN PULP AND FIBRE 
PROCESSORS 


Chtenge Woes & Plastic Products, Chi- 
cago 

General Fibre Co., St. Louis, Mo. 
Hawley Products Co., St. Charles, Ii. 
Keyes Fibre Co., Wabecrille Me, 
Maine Molding Products, Boothbay 


Harbor, Maine 
2% Pulverizers Co., Inc., Hoboken, 


SILK SCREEN MAKERS 
aye Process Supply Co., Chicago 12, 


Ambassador Arts, New York 11, N. Y. 

Bolling Industries, Inc., ton 5, Pa. 

Bricmar Mfg. Corp., New York 13, N. Y. 
Celanese Plastics Co. Royal Container 
Div., Newark 2, I. 

Como Plastics, Inc., y 8 See Ind. 


eer « ~ Matrix Corp., Toledo ll, 


io 
Electro Plastics Corp., Dallas 7, Texas 
Formica Corp., The, Cincinnati 32, 


Ohio 
General Machine & Tool Works, 
Walled Lake, Mich. 
General Research & Supply Co., Grand 
Rapids 3, Mich. 
Harva Co., seg The, Schoharie, N. Y. 
Multicraft, Inc., Hillside, I. 
Patti-Plastics Corp., Newark, N. J. 
Perforated Products, Inc., Brookline 46, 
Mass. 


a Label Corp., Bloomfield, 


Sampson Chemical & Pigment Corp., 
Chicago 12, Ill 


Sharpe Plastics, Inc., Sudbury, Mass. 
South Salem Studios, S. Salem, N. Y. 


Southern Plastic Products Co., Riviera 
Beach, Fla. 


Technigraph, Winona, Minn. 

Thomas, Charles W., Inc., Philadelphia 
24, Pa. 

Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 


SLITTING, CUTTING, SHEETING 
PLASTIC FILM 


A.A.A, Plastic Co., New York 17, N. Y. 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 





Plastic Materials, Inc., Hicksville, N. Y. Air-O-Plastik Corp., Union City, N. J. 
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Allied Plastics Supply Corp., New York 
38, N. Y. 


Austin Industries, Inc., Marlboro, Mew. 

Barr Corp., The, Richmond Hill, N 

Blacher, B New York 3, 

Blank, Arthur, & Co., a < 15, 
Mass. 

Brewster Enterprises, Inc., Rochester 9, 


Brockton Plastics, Inc., Brockton, Mass. 

*Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 

Costing Products, Inc., Englewood, 


N. J. 
Colurabia Slitting Co., Inc., New York 
Y. 


* sti a X Corp., Lenni Mills, Pa. 
*Davis, Joseph, Plastics Co., Kearny, 


N, J. 

Electro-Chemical Products Corp., Cleve- 
land 10, Ohio 

Facile Corp., Sub. of Sun Chemical 
Corp., Paterson 20, N. J. 

Fassler, M. J., & Co., Inc., Brooklyn 
21, N. Y. 

Persone Industries, Inc., New York 1, 


N. 

Fivible Packaging Div., Continental 
Can Co., Inc., Mt. Vernon, Ohio 
Franklin Fibre-Lamitex Corp., Wil- 

mington 99, Del. 
G & S Label Corp., wag fe my N. Y. 
Gomar Mfg. Co., Inc., Linden, N. 
+H + Plastics Industries, Inc., Naza- 
ret 
Jacobson, %. I., Mfg. Co., Chicago 5, Il. 
ee Oscar L., Inc., Jersey City 6, 


N. J. 
Kaufman Glass Co., Plastic Div., Wil- 
mington 99, Del. 
Kehr Products Co., Philadelphia, Pa. 
Leedpak, Inc., New York 19, N. Y. 
Long, Thomas , — ~S Carle Place, 
N. Y 


Maimin, H., Co., Inc., New York, N. Y 
Mehl Mfg. Co., Cincinnati 2, Ohio 
Metallic Plastics Corp., Long Island 


City 1, N. Y. 

Millar, Geo. W., & Co., Inc., New York 
12, N. Y. 

New England Tape Co., Hudson, Mass. 

Novelty Bias Binding Co., Chelsea, 
Mass. 


*Perforating Industries, Inc., Linden, 
N 


N. J. 
Plastic Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. 


Pte Laminating Corp., Vauxhall, 
> oe 


ne astic Stamping Corp., Chicago 47, IIl. 

Plastic Suppliers, Blackwood, N. J. 

Poly Plastic Products, Inc., Paterson 4, 
N. J 


Polymer Corp. of Pa., The, Reading, 
>a 


*Polypenco, Inc., Reading, Pa. 
om Phenolics, Inc., Franklin Park, 
I 


Printon Corp., New York 10, N. Y 
a a Lining Corp., Brooklyn 31, 


Reliance Plastic & Chemical Corp., 
Paterson 26, N. J. 


Rex Plastics, Inc., Thomasville, N. C. 
_, Printing Co., Inc., Ridgefield, 


Ross & Roberts, Inc., Stratford, Conn. 
S-L-M Plastics, Avenel, N. J. 
*Sandman, Eli, Co., Worcester 9, Mass. 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 
Soaatla Plastic Laminators, Seattle 8, 


asn, 
Shamban, W. S., & Co., Culver City, 
Calif, 





kIndicates Advertiser 


ay P ao Industries, Inc., Clinton, 
solateh Coating Corp., New Rochelle, 
bate N., Sons, Inc., New York 
tan Charles W., Inc., Philadelphia 


24, Pa. 
Webster Industries, Inc., Salem, Mass. 
Wellington Print Works, Inc., Trenton, 


N, J. 
Western Specialty Mfg. Corp., Chey- 
enne, Wyo. 


SLUSH MOLDERS AND 
ROTATIONAL CASTERS 


(Vinyl Plastisols, Polyethylene, etc.) 


A. Rotational Casting 
B. Slush Molding 
Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. (A) 
Allen, Fred, Co. ., Inc., Houston 45, Texas 


A) 
Atlas Plastics, Inc., Buffalo 10, N. Y. iB 


* Axel Plastics —— Laboratories, Lon 


Island City 1, N. Y. 
Bar-Lo Vinyl Products, Inc., New York 
Bootion Melding Co Bareien, 3. {i ®) 
mton Mo! 
Bricmar Mfg. Corp ., New York 1 x 


aN 
Chemtron Fiber Glass Co., El Monte, 
Calif. 


B) 
Dama Plastics, Inc., Springfield, Pa. 3 
Daylite Industries, "Brooklyn 11, ne ¥ 
Deerfield “ages Co., Inc., South Deer- 
field, M B) 
Eastern Moulded Prod. Co., © Weak, 
Conn 
Evers ‘Tadustries, Inc., Long Island City 
2, N. Y. (A) 
Frisch Doll Supply Co., Inc., New York 
12, N. Y. (B) 
Geneve Mfg. Co., Trenton, N. J. (A, B) 
Hungerford Plastics Corp., Morristown, 
J. A) 
Ideal Plastics, Div. of Ideal Toy Co 
Hollis, Y. 
Industrial Sales Engineers, New = 17, 
» 


, B) 
International Plastic Co., New York” 29, 
N. Y. 


(A, B) 

Kuss, R. L., & Co., Inc., Findlay, Ohio 
A 

L & P Tool Co., Cincinnati 25, Ohio (B) 
Lakeside Plastics Co., Inc., Oshkosh Ny 
-— Coatings, Inc., Minneapolis’ 13 13, 
B) 


Mobley Edward L., Co., Waders. 


Ohio 
ny Products Div., The Fanner Mie 
., Cleveland 35, Ohio (B 
a ’F. D., Co., Grand Rapids, Mich. 
B 


) 
*Pasley’s Plastic Products, Inc., Atlanta 18, 


Ga. (A, B) 
Plastic Rotocast Co., Chicago 5, Ill. (A) 
Plectron Corp., Overton, Neb. (B) 


Poinsettia Co., Inc., Pitman 7, N. J. (B) 
Polykote, Inc., Cleveland 3, Ohio (A, B) 


Quelcor, Inc., Chester, Pa. (A, B) 
Sawaya Mfg. Co., Inc., Trinidad, Colo. 
(A, B) 


Spartan Products, Inc., Madison Heights, 
Mich. (A) 


Star Mfg. Co., Leominster, Mass. ~ 


Things, Inc., Denver 3, Colo. (B) 
Tuff-Clad, Inc., Kent, Ohio (A, B) 
W. & F. Mfg. Co., Inc., The, Buffalo 5, 

N. Y. (B) 


SPECIALIZED SERVICES 


TESTING LABORATORIES 


*Axel Plastics aaa Laboratories, Long 


Island City 1 
Blaw-Knox Co.. a 
Bonwitt, Dr. CG. L., La 
23 Y 


22, Pa. 
x New York 


NY. 
Bostrom Corp., Milwaukee 4, Wis. 
Branson Instruments, Inc., Stamford, 
Conn. 
C.T.L. Div., Studebaker-Packard Corp., 
Cincinnati 15, Ohio 
a Laboratories, Inc., Chicago 9, 


Conap, Inc., Allegany, N. Y. 

Davies, Helen, Co., New York, N. Y. 

DeBell & Richardson, Inc, Hazard- 
ville, Conn. 

Delsen Corp., Glendale 4, Calif. 


Desert Sunshine Exposure Tests, Phoe- 
nix, Ariz. 


Prooae & Robertson, Inc., Richmond 
a 


*Furane Plastics, Inc., Los Angeles 39, 
Calif 


Gaynes Engineering Co., Chicago 12, 


Gershen, Irvin J., Maplewood, N. J. 

Kapgo Plastics Corp., Manchester, New 
Hampshire 

Levey, Harold — Laboratories, New 
Orleans 18, La 


— Labosatectes, Inc., Newton, 


op I Automatic a, Equip- 


ment Corp., Bronx 70, N 


*Mesa Plastics Co., Los heck 25, 
Calif 


Naken, William, Los Angeles 19, Calif. 


New England ‘Laboratories, Inc., Ip- 
swich, Mass. 


P. allmann Pulverizers Co., Inc., Hoboken, 
N. J. 


Patzig Testing 
Moines 17, lowa 

Pelmor Laboratories, Inc., 
Pa. 

Finete Plastic Products, Inc., Pitman, 


Laboratories, Des 


Newtown, 


Plas-Tech Equipment Corp., Natick, 
Mass. 

Rhodes, Philip H., & Associates, Cin- 
cinnati 25, Ohio 

Skeist Laboratories, Inc., Newark 2, 
New Jersey 

Skinner & Sherman Co., In 
58, Mass. 

Sorel, Frederick, Prospect Heights, Ill. 


c., Newton 


*South Florida Test Service, Inc., Miami 


la. 


Stringfield, Raymond B., Los Angeles 
4, Calif. 


Suacens Plastics Corp., Indianapolis 6, 
nd. 


Toseteal Research Institute, Pasadena, 
alif. 


Tracerlab, Inc., Waltham 54, Mass. 


WELDING PLASTICS 


A & B Plastics, Div. of Plastic Supply 
Corp., Seattle 9, Wash. 


Airshelters, Inc., Nicholasville, Ky. 


Allied Engineering & Production Corp., 
Alameda, Calif. 


a a Mfg. Co., Inc., New York 35, 
> 


American Agile Corp., Bedford, Ohio 
Ante Plastics, Inc., Brooklyn 32, 
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SPECIALIZED SERVICES 


Argo Plastic Products Co., Cleveland 
13, Ohio 
Art - Mfg. Co., Los Angeles 21, 
Calif 
Atlas Mineral Products Co., Mertztown, 
Pa. 
Barr Corp., The, Richmond Hill, N. Y. 
Bel-Art Products, Pequannock, N. J. 
Borkland Laboratories, Marion, Ind. 
Colonial Plastics Mfg. Co., Cleveland 4, 
Ohio 
Crystal-X Corp., a gl ae, ‘Pa. 
Curbell, Inc., Buffalo 7 a 
*D & R Plastic Welders, Inc., —" 
ville, Conn. 
Dayton Plastics, Inc., Dayton 4, Ohio 
Eastern ~* Products Corp., New 
Rochelle, Y. 
Electro-Che SF Products Corp., Cleve- 
land 10, Ohio 
Fabrico Mfg. Corp., Chicago 22, IIl. 
Fabri-Form Co., The, Byesville, Ohio 
Franklin Fibre-Lamitex Corp., Wil- 
mington 99, Del. 
Hanszen Plastics Co., Dallas 10, Texas 
Heil Process Equipment Corp., Cleve- 
land 11, Ohio 
Herculite Protective Fabrics, Newark 


* Mayflower 


Imperial Industries, Inc., Wayne, Mich. 

Industrial Plastic Fabricators, Norw 
Mass. 

Industrial Plastic Supply Div., Indus- 
trial a Supply Co., Inc., W. 
Hartford 10, 

Kaykor hy oa: Yardville, N. J. 

Liberty Engineering & Mfg. Co., 
Louisville 10, Ky. 

Lithgow Corp., Los Angeles 65, Calif. 
Electronic Devices, Inc., 
Little Ferry, N 
Midland Plastics, Inc., 

Wis. 
Milmar Plastics, Inc., Hagerstown, Md. 
Mitchell Plastics, Inc., Pittsburgh 12, 


Milwaukee 2, 


Pa. 
Munray Products Div., The Fanner 
Mfg. Co., Cleveland 35, Ohio 


Nalge Co., Inc., The, Rochester 2, 
ee 

New Plastic Corp., 
Calif. 

Orb Sales Co., New York 17, N. Y. 

Pam-Pro Plastics, Menlo Park, Calif. 


Pioneer Valley Plastics Co., Chicopee, 
Mass. 


Los Angeles 38, 





*xIndicates Advertiser 





Identity of individual Trade Names may 
be obtained by contacting the Readers’ 
Service Department of this publication. 
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Plastic Suppliers and Manufacturers, 
Baton Rouge, La. 

Plasticles Corp., Detroit 27, Mich. 

Polo Plastics Co., Milwaukee 12, Wis, 

Possis Machine Corp. Minneapolis 3, 


inn. 
os ae Phenolics, Inc., Franklin Park, 


Premier Plastics Co., Milwaukee 4, 
Wis. 


Protective Lining Corp., Brooklyn 31, 


Rainbow Plastic Products, Inc., Minne- 
apolis 16, Minn. 

Rediweld, Ltd., Crawley, Sussex, Eng- 
land 


*Seelye Plastic-Fab, Inc., Minneapolis 13, 
inn. 
a ~ 9 Plastic Products, Inc., 
lyn 1 Y. 
tax Neola Corp., S. El Monte, 
Calif. 


Brook- 


Trans-Plastics Corp., Cleveland 27, Ohio 


= Plastics, Inc., Philadelphia 30, 
‘a 


as Unlimited, Inc., Glen Cove, 
Willco Plastics, St. Louis 2, Mo. 


(For complete addresses, see Alphabetical Index, p. 1179) 
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"Pl 











Converters and Processors 


The following equipment directories are designed to be as complete as 
possible on the basis of available information submitted by the com- 
panies themselves. Listings are alphabetical and geographical, by state. 








CUSTOM MOLDERS AND EXTRUDERS 


C—Compression; E—Extrusion; |[—Injection; T—Transfer; CM—Cold Molding 








ALABAMA 


Alabaster Plastics Corp., Alabaster (I) 
Injection Machines: 2—4 oz.; 1—8 oz.; 1— 
12 oz.; 1—2 oz., automatic 


"Decatur Plastic, Inc., Decatur (I) 

Injection Machines: 4—3 oz.; 2—4 oz.; 1— 

8 oz.; 2—12 oz.; 5—12 oz. to 16 o7z.; 
1—16 oz. to 20 oz. 


ARIZONA 


‘Phoenix Plastics Co., Phoenix (C, I, T) 
Compression Presses: 10—75 ton to 400 ton; 
1—50 ton, automatic 


Injection Machines: 20—6 oz. to 32 oz. 
I er Presses: 10—75 ton to 400 ton 
CALIFORNIA 
*aaRBee Plastic Co., Inglewood (I) 
Injection Machines: 13-2 oz. to 80 oz. 


\erojet-General Corp., Structural Plastics 
Div., Azusa Cc 


Compression Presses: 1—20 ton; 1—35 ton; 
1—45 ton; 2—50 ton; 1—200 ton; 2- 
240 ton; 1—680 ton; 1—1000 ton; 1— 

300 ton 
*Airconductors, Gardena (CM) 
*Alladin Plastics, Inc., Gardena (I) 
Injection Machines: 15 1-3 oz.; 3-8 oz.; 


3-10 oz.; 3—16 oz.; 4—28 oz.; "1-100 oz. 


*Allied Nucleonics Corp., Alameda 
E, I) 


°° 
Compression Presses: 11—50 ton to 500 ton 
Extrusion Machines: 1—1” max. solid 
Injection Machines: 2—4 oz. 


*All-Power Mfg. Co., Montebello (1) 


Injection Machines: 1—12 oz. 1—16 oz.; 
1—22 oz. 

*Almac Mfg. Co., E'! Monte (I, T) 

Injection Machines: 2-16 oz.; 1~12 oz.; 


Trausfer Boasees: 1—300 ton; 2—150 ton; 
3—60 ton 
*American Aerophysics Corp., Sub. of 
Harvill Corp., Compton 
Compression Presses: 1- = ha 1-100 ton; 
1—250 ton; 1—1 
Injection Machines: 1-32 os. 


“American Molding Co., San Leandro 


, E, L, T) 
Compression Presses: 5—from 40° ton’ to 120 
ton, hand-operated; rh: ton, semi- 
automatic; 1—120 ton; “. ton 
Extrusion Machines: aa 1-3%"; 1- 
Injection he nt 1—2 oz.; 1-4 oz.; 2— 
Transfer Presses: 3—170 ton 


*Operates own tool room 
Indicates Advertiser 


Automatic Plastic Molding Co., Berkeley 


8-85 ton to 300 ton 
8—4 oz. to 6 oz.; 2— 


Compression Presses: 
Injection Machines: 
12 to 16 oz. 
Transfer Presses: 2 


*Baldwin Extruded Products, Downey (E) 
aa pe 1—%"; 1—1%"; 3-—2%"; 


*Calresin Co., Div. of Knudsen Cream- 


ery, Los Angeles (C) 
Compression : 10 to 100 ton 

*Chemtron Fiber Glass Co., El Monte 

(CM) 

Copolymer Corp., Los Angeles (C) 


Compression Presses: 7—10 ton to 300 ton 


Couroc of Monterey, Monterey (C) 
Compression Presses: 2—90 ton; 1-150 ton; 
1—200 ton; 2—300 ton 


Crest Molded Products, Inc., Arcadia 


Cc omgocmsion and Transfer Presses: $—40 
2—80 ton; 2-100 ton; 4—100 ton; 
6300 ton; 2-300 ton; 2—350 ton 


*Delkay Plastics Corp., Gardena +8) 
Injection Machines: 10—4 oz. to $2 oz. 


Dumont Corp., San Rafael (C) 
Compoasion Presses 2—60 ton; 4—200 ton; 


—400 ton; 1-650 ton; 1—2200 ton 
° Dynatech Plastics, Ine., Santa Ana_ (I) 


Injection Machines: -7 oz.; 2—25 oz.; 
1-40 oz 
°Fortin Plastics, Inc., Van Nuys (C, T) 
Compression Presses: 8-50 t 
Transfer Presses: 1—50 ton 


Gaylord Plastics, Inc., Santa ars | n 
4 
Congugnies Presses: 6—from 10 ton to 


Injection Machines: 1—6 oz. 
Transfer Presses: 6—from - ton to 25 ton 


g Angsies (C) 


Sore Plastics Corp. L le 
ton; 


jon Presses: 
ooo ton; 3350 ton 


*Gibbs Mfg., Berkeley . 2 
Compression Presses: 10—20 ton to A ton 
—_ Machines: 2—4 oz. to 6 oz.; 1— 

oz. 


“Jet. Specialties Co., Los Angeles, (E, D 
xtrusion Machines: 8—1%" to 4 
Tnjootion Machines: 5—2 oz. to 1 


Kennerley-Spratling, Inc., Doe 
I, T) 


vee gy and Transfer Presses ’s0 ton 
t 

Sndection Reseda: 1 oz. to 16 oz. 

*Kerr Industries, N. Hollywood (E) 


Extrusion Machines: 8—1%" to 3%” 


Kimball Mfg. Corp., San Rafael (C) 
Compression Presses: 7—from 20 ton to 150 
ton, 10” x 10” Bows to 3’ x 6 platen 


*Kraloy-Chemtrol Co., Santa Ana, a. » 
Machines: "32%"; 


Injection Machines: 1-7 oz.; 3-15 oz.; 
—82 oz.; 1—40 oz. 


*Esteger Color & Chemical Co., Inc., 


Hollywood (E, I) 
Extrusion Machines: 1—1%” 
Injection M: 1—1 oz.; 1-2 oz 

*Lee Deane Products, Inc., Santa Fe 


Springs (C, I, T) 
Presses: 2—15 ton to 50 ton; 
a ton to 350 ton 
Jpiccte 3S Machines: 4—6 oz. to 22 oz. 
ransfer Presses: 14—50 ton to 850 ton 


*Marion General Plastics Co., Sub. 
General Plastics Comp., ions Beach i) 
Extrusion Machines: 2— 


*Marken Plastic Corp. Los Angeles (E) 
Extrusion M 


Machines: 2—2%”; 2—3% 
Marplex Co., E] Segund Cc 
ge Fn ge > ll to 200 cae 


Monrovia Plastic Co., Inc., Monrovia (I) 
Injection machines: Lg oz.; 2—12 oz. 


*Moore Chemical Corp., Inc., San Fran- 
cisco (E) 
Extrusion Machines: 6—up to 6” 


*Olympic Plastics Co., Inc., Los ars 


Compression Presses:20—50 to 1000 ton 
Injection Machines: 10—1 to 32 oz. 
Transfer Presses: 5—to 300 ton 


Pam- a-Fro Plastics, Me Menlo Park (Cc, D 
oe 2-20 ton; 1—65 ton; 


injection Machines: 1—2% oz. 


*Peerless Plastics, Culver City 
Com: ression Presses: 1—500 
Injegtign  Mect —s = Ul 
n on 

2-8 on; 1— iF on 1- ~16 on; 10% 05 


CLD 
0 ton 


1—48 oz 
Transfer Ny 1-350 ton: 1—150 ton; 
2—50 ton 
*Peterson Products, Belmont (C) 
Compression Presses : —100 ton 
* Plastic Sales, Inc., Saugus (C, T) 
kn yg Sh 


Transter Presses: 2-75 ton 
*Plastic Model Engineering, Van Nuys 
Injection Machines: 1—% oz. ® 
Plastic Process Co., Div. of Monadnock 


le 
Mills, Le Los } Ange es ae (E) 














CUSTOM MOLDERS AND EXTRUDERS 


Plastics, Inc., Pasadena (D 
Injection “ Machines: 1—8 oz.; 1-12 oz. to 
Plastron Specialties, Inc 


oz. 
les 
Extrusion Machines: 1-1"; 3 oe 2 
Randazzo Plastic Co., Inc., Los Angeles 
Injection Machines: 5: 1-4 oz.; 8—8 oz.; 
1-12 oz. 


*Reinhold Engineering & Plastics Co., 
_ Sub. of Haveg —— Ner 
wa C, 


Compression Presses: 20 
Transfer Presses: 12 


*Reinhold, L. W., Plastics, Inc., Los An- 
geles 


T) 
Compression Presses: 84—100 ton to ton 
Injection Machines: 9—1 oz. to 3 oz. 
Transfer Presses: 11-100 ton 


*Remler Co., San Francisco (CL T) 


Transfer } ——-- 10-55 ton to 230 ton 


Resinwood Mfg. 


Co., Brea (C) 
Con 


ion : 1—4 x 8 Contact 
2-5 ton; 1-20 tom; 1~75 ton; 
2-100 ton; 1-150 ton 


*Revell, Inc., Venice 
Injection Machines: 1—~2% o2.; 1-4 oz; 
1—8 oz.; 2—9 oz.; 9-12 oz. to 16 oz. 


*Roger Mfg. Co., Oakland, 


| 


Compression Presses: t a 
njogtion Machines: 1—1 oz.; 1—4 oz.; 1— 
oz.; 1-16 oz 


Trassier ‘Presses: , 3 150 ton 
*Shamban, W. S., & Co., Culver oY 
(Cc, E 


*°Sierra Electric Corp., Gardena 


(G1, 7) 

Compression Presses: 22—50 ton to 150 ton 
2—100 ton to 750 ton 

Injection Machines Fg oz. to 12 oz. 


Transfer Presses: 28-50 ton to 500 ton 


"Space Products, acts, Long, Beach ad, T) 
infontion Machines oz.; 1-6 oz.; 1— 


Tensor | Presses: 2—175 ton; 2—250 ton 
*Stauffer Chemical Co., Molded Prod- 
ucts Div., Los Angeles _ E, 1D 
Extrusion Machines: er it 
hines: 


iniogticn Mac! 02.5 a oz.; 1— 
; 2—10 oz.; 1-30 oz. 


*Tetrafluor, Inc., I wood CM) 
c a Presses ngle 2 © 1835 ton 
Extrusion Machines: 1a 


Western Plastic & Rubber Co., Richmond 
Extrusion Machines: 1—4%” ©) 
“Westland Plastics, Inc., Newbury Park 


Injection Machines: 1—2 oz.; 5-12 oz.; 
2—16 oz. 


*Wilcox Plastics, Inc., Montebello 


(C1 7) T) 
Compression Presses: 16—30 ton to 
Injection Machines: 2—6 oz. 

Transfer Presses: 16—50 on to 800 ton 


Williams Mfg. Co., Inc., Anaheim tt) 
Injection Machines: 1—8 oz. 


* Wind B 
tetnen Bove. bine afte te 18 


Transfer Presses: 6-100 ton 


COLORADO 


*Bohannon Industries, Colorado “mh 


Injectton Mpepincss 1 vo a 1-1/ 
oz.; 1~1/8 oz.; 1— — = 


*Ope rates own tool room 


* Indicates Advertiser 
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ani hatte et He 


ag = 4 a 1-2 oz.; 1—4 o2.; @ 
6 oz.; 1-22 oz. 
Ingwersen Mfg. Co., » Ine, Denver & 
2-6 oz. 
*Pikes Peak Plastics, Inc., Colorado 
Springs (Cc, D 


Presses: ton 
a Machires: 1-1 oz.; 1—4 oz; 1- 
oz. 


_ Plastics Co., , Denver tom 198 ton T) 
aver aagy y me $1 on 
Transfer Presses: 1—35 


“oe, % Fs eae: 918 ton 13% I, T) 


“Sawaya Mfg. Co., Inc., Trinidad 
Compression Presses: 5—150 ton: | fc "390" toe 
Extrusion 1—2%"; 1-3 
Injection Machines: “1-1 02. to 3 = 

Seder Plastic Corp., Ft. Collins (C nD 
—85 ton; e500 ton; 53 °500 ton 
Injection Machines: 1-1 oz.; 13% oz.; 


1—9 oz. 
Transfer Presses: 1—35 ton; 1—50 ton; 1— 
200 ton 


Inc., Denver 
Injection Machines: 1—2 oz., 1—4 oz., 2— 
8 oz., 1—12 oz. 


CONNECTICUT 


Aries op Latemetecicn, | Inc., Stamford (C) 
2 presses, 6 platen 


; Pose sors Plastics, Inc., Stamford ® 


- 4 
eoyin Sptpe: 1-6 a, 84 os 
B& BP Inc., Oakville (ID 

Injection es: 6-3 oz.; 1-6 oz. to 


*Bridgeport Moulded or Inc 
Fairfield 


1-89 02.; 1-48 oz.; 1—60 oz.; 1-200 o7. 
Presses: 12-50 ton; 8-150 ton; 
ton 


*Butterfield, T. F., Inc., Naugatuck Lt? 


Compression Presses: 5— 50 ton, af ciod 
—125 ton; 1—300 ton 
ipioction Machines: T- 20 to 8 oz. 
er Presses: 
"Colts Plastics Co., Inc., N. Grosvenor- 
dale p 


Compression Presses: 11 automatic; con- 
Injection Machines: 12—1'5 oz. to 12 oz. 


**Connecticut Plastic Products Co. 


Wate 
Injection ines:  <* 01.; And oz.; 4— 

8 oz.; 1~12 oz.; 2—16 oz 
Danielson Mfg. Co., Sub. of Nicholson 
File Co., Danielson (E, 1) 


Extrusion Machines: ae iy pas 
Injection Machines: 2 oz.; 8- 


2 oz.; 7-4 =: 2 1 to 6 oz.; 3-- 
8 oz.; 4—12 oz 
“Duty ei Dey Stelray Prod- 


“fieeton, Mechiner Diy), | Tk. © 


“Dighmets Flesticn Comp. Stamford 
Machines: 1—2 oz. to § oz.; 
Tastes 12 oz. to 16 oz. 


*Engineered Plastics, Inc., Watertown 


115 ton; ye 


(For complete addresses, see Alphabetical Index, p. 1179) 


Extruded Plastics, alk 

Extrusion wo Tay St 10 ) 

**Gilman Bros. Co., The, Gilman (£) 
Extrusion Machines: 4 


x Plastics, Div. of The Electric 


ee es 4”; oe 


1—4%" 
mee : 
gg Ay Ky - 


*Meriden Molded Plastics, Inc., Meriden 
Compression Presses: 41-10 ton to 750 C) 
*Moldings & Extrusions, Inc., es 
et a. i- 1 oz.; 2—2 oz.; 1- 


*Monaplastics, Inc., Georget I 
pong ne iy or op 


8 oz.; 12 oz. 
*Plastic Molding Corp., ore , oe 


Compression Presses: 15—to & ton; 15- 
to 75 ton, automatic 
Presses: 15—to 200 ton 


*Plastic Products, Inc., S. Norwalk 


(C, I, T) 
Presses: 30—50 ton to 300 ton; 
Injection Machines: $—4 oz. to 22 
oz. 
Transfer Presses: 10-50 ton to 500 ton 


Rich Plastic Products, Meriden ic n 
fomores es oso. = Po 50 ang 


*R Mfg. Co., The, Rockfall 
ogers Mfg. edocs Ito ® 


a an to 6 ans 1-8 oz. ~i2 oz. 


16 oz. 


*Rowland ywiend Products, Ine., p. Keuvts ton (E) 


*Specialty Plastics stics Corp. ., Derby (C, T) 


Compression Presses: 14—15 ton to 200 ton 
Transfer Presses: 5-50 ton to 200 ton 


Stanley Chemical Co., The, East note 


nihgite Machines: 3—3 oz.; 3—6 oz.; l- 
oz. to 10 oz. 


"Ther Corp., New Milford (D 
jection Machines: 6—2 oz.. to 16 oz. 


*U. S. Plastic Molding Corp., Walling- 
fe Compression Presses: 23—40 oy 
ton to nm 
Injection Machines: 7—1 oz. to 20 oz. 
Transfer Presses: 10—50 ton to 450 ton 


*United Tool Co., Bridgeport - (1 
Injection Machines: - 


6 oz.; 
6 oz. to 8 oz.; 1-12 oz. 


Vogel Mfg. es, The, ,_Beidqnpent a (1) 









Injection Machin: 1-2 oz 
6 end = yr 8—16 oz. 


*Waterbury Companies, Inc., Waterbury 
> 
Compression Presses: 1—5 ton; 3—50 ton; 
2-57 ton; 6-118 ton; 10-170 ton; 
4—3800 
Automatic Com Presses: 2—25 ton; 
High-speed Zs , 
16-170 ton; 2-282 ton; 2-300 ton 
Machines: 
4 oz.; 3-4 oz. to 6 


1-2 o2.; 1-3 oz.; 2- 
oz.; 7-8 oz.; 2- 
8 oz. to 10 oz.; 1-6 
ff 


Bese ess 
oz. to oz. 
with preplasticizer ) 
** Watertown Mfg. Co., The, rr 
pression Presses: 75—50 ton to 450 ton 
Tejtinn Machines 14—2 oz. to 64 oz. 
DELAWARE 


*Continental-Diamond Fibre Corp., Sub. 
of The Budd Co., Newark i By 


Injection  —— | 1-16 of 





*Hercules Powder Co., Inc., Explosives 
Dept., Wilmington © E oS © 
Compression Presses: 2—10 ton; 1— 

50 ton; i—150 ton 
Extrusion Machines: 2 


**National Vulcanized Fibre Co., Wil- 
mington 
Extrusion Machines: 2-14"; 1-2%4"; 1-3% 


FLORIDA. 


*Dimensional Plastics Corp., Hialeah 
(CM) 


°Eclipse Plastic Industries, Inc., > Sarno 
Extrusion Machines: 2—3%%” 


Gulfstream Plastics, Inc., Hialeah (D 
Injection Machines: 7— —up to 22 oz. 


Helmac Plastics, Inc., Pinellas Park ® 
Inje “- Machines: 1-1% oz. 1-4 
~ oz. 


*Industrial Plastic Molders, Inc., Hialeah 


Injection Machines: 3—2% oz.; 4—4 oz. to 
6 oz. 


‘Industrial Vinyls, Inc., Meg (E, D 
Eutresion 5 Machines: 1-1” 1—2%"; 3-3 ri 


—6” 
Injection Machines: 1—2% oz.; 1—22 oz. 


*Pearce Simpson, Inc., Molded Plastics 
Div., Miami 
Injection Machines: 1-2% oz.; 4—4 oz. to 
6 oz.; 1—8 oz. to 12 oz. 


*Pioneer Plastics, Inc., Jacksonville 18) 


Injection Machines: 8-3 oz. 


*Plastiline, Inc., Pompano Beach (D 
oz. 


Injection Machines: 3-8 oz.; 2-1 
2-12 o 


*Security Plastics, Inc., Hialeah ( 
Injection Machines 1-2% oz.; 2—4 o2.; 
l oz. to 9 0z.; 1— ie oz. 


GEORGIA 
Lamex, Inc., Norcross (E) 


Extrusion Machines: 8 


*Textile Rubber Co., Inc., Rowdee ED 
Ce mpression Presses: 12—2 
24”; 1-5 opening, © nM * 2” 
Extrusion Machines: 
Injection Machines: 3— 34 oz.; 3-12 oz. 


ILLINOIS 


°A & O Plastics Co., Downers Grove (I) 
Injection Machines: 8-6 oz 


“Adv ance Molded Plastics Co Chi- 
cago GL 1) 
Ci ompression Fosssene 8—up to 400 ton 
Injection Mi 2-9 oz.; 1-56 oz. 
Transfer Semnaee 7 


*Anesite Co., Chicago (E) 
Extrusion Machines: 7—4%” 


*°Artag Engineering Corp Ging & 
Injection Machines: 20: 12— 2-8 on 


*°Becwar Mfg. Corp., Addison 


Injection Machines: 
Transfer Presses: 2 


a, 7 


*Blackhawk Molding Co., Inc., Addison 
Extrusion Machines: 1—3%” ¢ 
Injection Machines: 8—from 4 oz. to 16 oz. 


Breye st Molding Co., Chicago __ (C, I, T) 
' pression Presses: 15—to 1000 ton 
Tai ction Machines: 10—4 oz. to 90 oz. 
Transfer Presses: 2—250 ton 


*Operates own tool room 
kIndicates Advertiser 


*Cameron, Inc., Chica 
Injection Machines: vue oe 10 oz.; 12 & 
oz. 


*Central Die Casting & Mfg. Co., Chi- 
“Fieetin Reh eind: Benak Sante tt eo 


pression Presses: 3 automatics; 4-75 
ton; 10-120 tom; 12~170 ton; 10-200 
ton; 1-250 ton; 8—300 ton; 6—380 ton; 
6—520 ton; "1-750 ton: 
1500 ton 
jection : 1-2 oz; 3-4 oz; 
14—8 oz.; 4—16 oz.; 8—32 oz.; 1—64 oz. 
“Chicago Plastic Products Co., Inc., Chi- 
cago 
Injection Machines: 1—8 to 10 oz. 
*Chicago Price Tag Mfg. Co., a 
Injection Machines: 1—2 oz. 


*Chicago Wood & Plastic Products, Chi 
Com Compression Presses: 8 (c, I 
Injection Machines: 1—4 oz.; 6—64 oz. 
(Wood pep sae & and flour compression mold- 
ers; impact molding) 

*Commercial Plastics, Co., Chicago 
Extrusion M —1%"; 2-2 +34? 
ae Machines: 5 myth “oz.; 1- 

1-9 oz.; 1-12 oz.; 134 oz. 

“Continental Plastic Corp., Chi 

onan sacs O*GRz Chienge 0 


*Craft Plastic ic Molding, Franklin. Park @) 
Injection Machines: 2—4 oz. 
8 oz. to 10 oz.; 1— fon te. 
*Cumberland Tool Works, Chicago (D 
Injection Machines: 8 


*Custom Plastics, tics, Inc., Melrose, Bork (E) 
Extrusion Machines: i- 1%"; 


**Davies, Harry, Molding Co., Chg 


Co * 
Semen Prey $5575 ta gag 
"Dielectric Materials Co.., 0 
Machines : 2-3%"; Geum 2- fF) 
*Eclipse Mfg. Co., k 
pse Mfg. Co., La e e Zurich 2. {C, L T) 


injettin bee Pyne 4 Fy 
Transfer Presses: 240, 250, ait om 


“Federal no Corp., Chicago (E, I) 

es sion Ma nes: S24": Si ‘_ 
Feleeatteel, G., & Sons, s, Chicago (D 

jection Machines: 6—4 oz. to 80 oz. 

**General American T crn 

Corp. Plastics Div. ~gghicago (C CLE 

» 

oma Machines: é 

Injection Machines: aM S oe oz. 
*General Die Mold Co., Ch 

Comeuvacien Peewee, 13. to ete oe 

Injection Machines: 
24 oz.; 1—32 oz.; 
Transfer P Presses: 


2-6 o 1-9 oz.; 2— 
—60 oz. 
sibo ton 


“General Molded Products, Inc., Des 
Plaines 


Compression Presses: a 7) 


5—50 ton; 1—150 ton; 
ton; Gg ton 
1—6 oz.; 1— 


T wT NE Pies tik, 6-0 ee s— 


Ger-Ell Mfg. Co Chicago (D 
Injection achines: 12 oz. to 150 oz. 
*Gits, J. A., Plastic Corp., 
Thdion Machines: 15 — 


“Gi 5. re , Melding Corp., Chicago (I) 
Machines: 23— an oz. to 175 oz. 


Globe Imperial Co., Div. of Harsco 
Corp., Rockford (C, I, T) 
: 6—75 ton; 2—150 ton; 


—800 ton 

iniogion 3. ha 1—4 oz.; 4-8 oz.: 2~ 
oz. 

Transfer Presses: 7—150 ton to 350 ton 


CUSTOM MOLDERS AND EXTRUDERS 
Goren Co., H. Chi 

2: aD : Le €) 
°*G 


: 25-10 ton 
*Grigolelt Co., pene, Decatur 
30 ton to 


cameron nh ged to 12 oz. 
Transfer Presses: 15-100 ton to 800 ton 


Insulator & Seal Corp., Franklin 
"Compremion,Fremes: i (C, E) 


(C, L, 


*Hamilton Plastics, Inc., Chi E 
Extrusion Machines: 2—4'4” a 


°Heine Industries, tes, Inc., Fir Freeport rt (C, I, T) 
a Presses: 0 ton; 


automatic 
bigs Machines: 2—2% oz.; 1—4 oz. to 
mS 12—65 ton to 200 ton 


*Holland, M., Co., Chi 
Extrusion Machines: Baas ad 


*I-V Die Mold Co., Peoria 
Comp: Presses: 1-10 


(C, I) 
ression 
Injection Machines 


: 2—2 oz., 2—% oz. 

**Imperial Molded Products Corp., Chi- 
cago (Cc, I 
Compression Presses: 25— 100 ton to 356 ton 
Injection Machines: 

Transfer Presses: 760 ton to 300 ton 


*Industrial Molded Products Co., Inc., 
Palatine C, I, T) 
Compression Presses: 1—88 ton; Hoe ton; 

2—4 oz.; 1-8 oz.; 
Transfer Presses: 3—200 ton; 1—350 ton 


*Johnson Glass & Plastic Corp., Chicago 
Injection Machines: 5—4 oz. to 20 oz. 
*Joliet Plastic, Inc., Joliet D 

Injection Machines: 4 


Kaye, Chris, Plastics Mfg. Co., Madison 
Injection Machines: 6—4 to 16 oz. 


*Kelley, George A., Mfg., Litchfield (E) 
Extrusion Machines: 4 


**Keolyn Plestics, | Inc., , Chicago 48) 
Injection from 2 oz. to 16 oz. 


**Korris Products, Inc., Lyons (D 
Injection Machines: 1—2 oz.; 2—2 oz, High- 
oat & Automatic; 4—8 oz.; 5—16 oz.; 


*Lind Plestie  Fvoducts, Inc., Chicago 8) 
Injection Mi : 1-4 oz.; ll— 


*Mack, John, & Son Moulded Products 
Inc., icago (C, hi) 

Compression : 2-150 ton 
Injection Machines: 2-1/3 oz.; 1—4 oz.; 
1—6 oz.; 1—8 oz.; 1-12 oz.; 1—16 oz. 


*Mekray ME ram Mg. Beta Co., , Chicago 


to 80 oz. 
*Master Molded Products Corp., Skok 


Injection Machines: 1—4 om % @ os 1- 
8 oz. to 10 oz.; 1—12 oz.; —16 oz. 


*Mayfair Molded Products, Schiller Park 


> > 
Compression Presses oo to 300 ton 
Injection Machines: 5— 


from 2% oz. to 10 oz 
Transfer Presses: 4—up to 300 ton 


*Midwest Plastic Products Co., ae 
My 


Heights 
Extrusion Machines: 2-2%”; 2—8%”; 1 


*Molex Products Co., Brookfield (C, I, T) 
Compression 
—-F Machines: 
ansfer Presses: 





CUSTOM MOLDERS AND EXTRUDERS 


*°* National Lock Co., Rockfosd ( 
Compression Presses: "2-10 ton; 3 
Injection o- 1— 1% oe 

6 oz.; 2-12 of. to 16 02.5 

1-24 o 
Transfer Prenses: 

13—250 ton 


°N Chi I 
Dora Oey Se. 


"Peoria Plastic Co., E. Peoria (D 
Injection Machines: 2-8 oz.; 1-12 oz.; 
1—16 oz.; 2-48 oz. 


*Perfex Plastics Inc., 1 Chicago 
Extrusion Machines 
Injection Machines: ‘f 


*Plano Molding Co., Plano eo! IL, T) 
Compression ses: 5—60 to 200 
Injection Machines: 12—4 to 82 Ae 
Transfer Presses: 5—80 to 400 ton. 


*Plastic Molded Products Co., Chicago (I) 
Injection Ve hines: 1—4 on; 8—8 oz.; 1— 
10 oz.; 1-12 oz.; 2—36 oz. 
*Plastic Precision Parts Co., Chicago 
(C, I, T) 


42 
oz. to 
yt t- 


4—50 ton; 2-100 ton; 


(E, I) 


Compression Presses: 1 
Injection Machines: 5 
Transfer Presses: 7 


*Polymold Plastics, Inc., Chicago (D 
Injection Machines: 12-2 20 oz. 


* Process Goa Co., Chicago (D 
Injection M. achines: 4-8 oz. 


*Pyramid Plastics, Inc., a rica (E) 
Extrusion Machines: af 


*Republic Molding Corp., Chica OK @ 
Injection Machines: 24—8 oz. to 1 


*Resincraft Plastics, ine. Chice ‘0 (E) 
Extrusion Machines: -1"; 8 —2%"; 1-3% 


* Resinoid Engineering Corp., Skokie (C) 


Compression Presses: 
Richardson Co., The, Melrose Park (C, T) 
*Rockford Molded Products, Inc., Rock- 


ford 


I) 
Injection Machines: 3—2 oz.; 3-4 oz.; 2— 
12 oz. 


**Rogan Bros., Skokie (C, T) 

Compression Presses: 6-15 ton, 8-50 ton, 
—125 ton, 2-150 ton 
Transfer Presses: 2—150 ton 


*Romar Plastics, Inc., St. Charles (C (C, IL, T) 
Compression Presses: 8—40 ton to 250° to: 
Injection Machines: 4—4 oz. to 24 oz 
Transfer Presses: 4—88 ton to 5950 pad 


°S-K-W Mfg. Co., Chicago (D 
injogtion. Machines: 2-2 oz; 9-6 oz.; 
- oz. 


*Sandee Mfg. Co., Chicago (E) 


*Service Plastics, Inc., Son 4 (D 

Injection Machines: 1-2 oz.; 1— 

8 oz.; 3-12 oz.; 3-20 o2.; 1-32 oz.; 
1—48 oz.; 1-80 oz.; 1—85 . 


*Sinko Mfg. & Tool Co., Chicago (I) 
Injection Machines: 18-2 oz. to 1 oz. 


*Stimsonite Div. 


Elastic Stop Nut Corp. 
of America, eu a, T 


*°* Superior Plastics Inc., Chica o (E,D 
Extrusion Machines: 7-2% 8%" 
Injection Machines: 0-4" Be to Hy oz. 


Tietz & Baur Plastics, Inc., Melrose ro 


Compression Presses: 25—up to 350 ton 
Transfer Presses: 6—up to 350 ton 


*Trans-Matic Mfg. Co, Chicago 
Compression Presses: 
Transfer Presses: 10 


(C, T) 


*Operates own tool room 


x Indicates Advertiser 
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*Van Norman Molding Co., meen 


Compression Presses: 
Transfer Presses: 5—75 er 


Victory Mfg. Corp., Chicago (I) 
Injection Machines 


: 17—up to 60 oz. 
*Whitso, Inc., Schiller Park (C, I, T) 
Presses: 3—88 


Com 
Injection Machines: 5—4 oz. to 12 oz. 
Transfer Presses: 17—88 ton > 150 ton 


**Zollinger, Albert, Inc., Sam 7) 


Injection Mach 
Transfer Presses: 10-75 on to 300 ton 


INDIANA 


AGP Corp., P 
Injection "Machines: 2-2 oz.; 1-6 oz; 9 


**Amos Molded Plastics Div., Amos- 
achines: 3 @ 
8 oz 3-24 Z 
38 ox; 2-48 ox, oy SS 2-60 

; 1-80 oz.; 2—200 oz. 


Calumet Fiberglass Products Co., Ham- 
mond (C) 
Compression Presses: 2 


Century Plastics, Inc, " Carmel (D 
Injection Machines: 


*Como Plastics, Inc., <P 8 a 
Injection Machines: 1—4 oz.; 2-4 

oz.; 2—8 oz.; 3-12 oz.; 1— 18 lone 

2-16 of to 20 o2.; 3-20 oz. to 28 


oz.; 1— 


*Crescent Plastics, Inc., Evaneville (E) 
Extrusion Machines: li—up to 


*Engineered Nylon Products, ‘< of 
Kennatrack Corp., Elkhart (1) 
Secagre Seadhines: 5—4 oz.; 2-8 oz.; 1— 


**General Plastics Com., Marion (E) 
Extrusion Machines: 3—3%” 


*Industrial Plastics Corp, , iw» art a. 2 
— Machines: 1— 


*Kenly Co., Terre Haute (E, D 
Extrusion. Machines: 2 
Injection Machines: 1—6 oz. to 8 oz.; 1— 
9 oz.; 1~12 oz.; 1-16 oz 


Kent Plastics Corp., Bvanevilio _ I) 
Extrusion Machines: 1—2% 
Injection Machines: 1—4 02.; = “¢ oz.; 2— 
ve ee 2-24 oz —32 0z.; 
—48 02.5 —64 oz. 


Niles Corp., South Bend (D 
Injection Machines: 1—8 oz.; 1—4 oz. 


Nyloncraft, Ine. Mishawaka (D 
Injection achines: 8-4 o2.; 2-8 oz.; 


ll— = 
*Panelyte Div., St. Regis Paper Co., Rich- 
mond 
Extrusion Machines: 4—from 2%” to 6” 


Plastene Co Crawfordsville 
anjogiien achines: 2-2 oz.; 1-6 oz. to 
oz.; 2—9 oz.; 1-12 oz.; 7-16 oz.; 
$- 30, os, to to "38 oz.; 1-48 oz; 1-78 
oz. _ 


*Plastic Service Corp. 2 LaPorte (C, I » 
Compression peseess 4—100 ton to 75: 
Injection Mac Ba) oz. and 48 oz. 
Transfer — 2-200 ton and 300 ton 


Polygon Plastic Co., Walkerton (E) 
Extrusion Machines: brous glass extrusion 
machines; —--My continuous process 


Precision Plastics, Inc., Columbia City a 
ae Machines: 2-8 oz.; 5—12 


Pribble Plastics Products, Inc., New Ha- 


Transfer Presses: 2-25 ton; 4~75 ton; 1- 


283 ton 
*Pro Molded Products 
ion Presses: 2—50 ton; 2— 


—300_ton 
Transfer Presses: 1—50 ton; 2-200 ton; 
2—300 ton 


“Ragene Corp. Lafayette C, TM) 


pression Presses: 4 
Toate Pee Presses: 6.10 Ss to et 
*Sheller Mfg. Corp., 7 re tass (C, E, L, T) 
Extrusion : 2-4"; “6 :- 
Injection Bm sme 1—8 oz.; 1— 3 = 


22 oz.; 2-28 oz; 5-40 oz; 1 fod 3 
Transfer Presses: 1-1000 ton * 


= Moulded Plastics, Inc., Con- 


: 14—4 oz. to 16 oz. 
edule ian Corp., Fort Wen 


1— 
Transfer eee 6-110 ton to $300 ton 


1IOWA 
°} & B Plastics Co., Inc., Fairfield (E) 
Extrusion Machines: 4 


Plastronics, Inc., Sub. of Northwest Plas- 
tics, Inc., Grundy Center (C, 5 7 
Compression and Transfer Presses: 12—50 

ton to 500 ton 
Injection Machines: 7—2 oz. to 16 oz. 


Thombert, ino., Newton (D 


Injection M: 2% oz. 


KENTUCKY 


*Gibbs Automatic Moulding Div., Pierce 
Industries, Inc., Henderson 


Injection Machines: —2 oz.; 2—4 oz.; 2- 
12 6 


*Tri-State Plastic Molding Co., 
son 


Iniecti Machi 


Hender- 





y : 1-2 oz.; 3—4 oz; 
8 oz.; 4-12 oz.; 1-16 oz.; 1-24 oz; 
1—32 oz.; 1—48 oz. 


LOUISIANA 
*Dixie Plastics Mfg. Co., New Orleans 


, I) 
Extrusion Machines: 3—2 to 2"; 1-34" 
Injection Machines: 1—6 oz 


MAINE 


"oor Fibre Co. V Wate rvill 
Presses: L abt ton; _& 
ton; Pe 300 ton; 9-500 ton; 1—800 
ton; 1—1000 ton 


*Maine Molding Products, Boothbay Har- 
bor C, 


Compression Presses: # ton; 1— 800 ton 
Transfer Presses: 1— 


MARYLAND 


*Birckhead Monomer Molding Co., Bal- 
timore ) 
Injection Machines: 1—32 oz. 


*Eljay Corp., Baltimore (C) 
Compress: Presses: 4—8 ton to 25 ton 


*Fawn Plastics Co., o> Timonium 
ee Machines: 02.; 2—6 oz.; 2- 


(For complete addresses, see Alphabetical Index, p. 1179) 





sia 


S "ss 


8eoS 


ans 
D 


lar- 


ton 


Milmar Plastics 
" Injection eg 


*Moldcraft Products, Inc., Baltimore 


Cc, 2» 
Compression Presses: 8-25 ton; 6—50 ton 
Injection M : 7-8 oz. to 16 oz. 


kNational Plastic Products Co., The, 
Odenton (C, E, I) 


PharmaPlastics, Inc., Baltimore it 8) 
Injection Machines: oz.; 2—8 oz. 


*Plastic Assembled bas Inc., Balti- 
more (Cc, I) 
Compression Presses: 6—50 ton 
miegion Machines: 6—2 oz.; 3—6 oz. to 


i p Hagnettown (D 


*Standard Cap & net Roca Baltimore 
Compression Presses: 18- ry 
Injection Machines: 


*Wama Co., The, Baltimore 
Compression Presses: 2—25 ton; 1—50 ton 
MASSACHUSETTS 


Bolta Products Div., 
Rubber Co., 


The General Tire & 


Lawrence (Cc, E, D 
Compression’ Presses: 20-—from 230 ton to 
758 ton 


Extrusion Machines: 16—from 1%” to 3” 
Injection Machines: 20—from 6 oz. to 100 oz. 


*Boyden Plastics, Inc., Taunton (I) 
Injection Machines: 4—8 oz.; 1-16 oz.; 
1—22 oz.; 2—4 oz. 


*Brook Molding Cor Corp. "ty Norwood (C, I, T) 
Compression —20 ton to 300 ton 
Injection Slachioues 2— iy oz.; 3—12 oz. 
Transfer Presses: 5—20 ton to 300 ton 


Carver Corp., The, Norwood (E) 
Extrusion Machines : 1—4%”; 1-6” 


Century Plastic Co., Fitchburg 1) 
Injection Machines: 7-4 oz. to 22 oz. 


Church, C. F., Div. of American-Stand- 
ard, Holy roke C, 
Compression Presses: 4—500 ton; 36-100 

ton; 64--100 ton to 300 ton 
Injection Machines: 20—4 oz. to 60 oz. 


Clark-Cutler & McDermott Co., Foal 
Compression Presses: 6 ‘ 


*Commonwealth Plastics Corp., Lecmin- 
ster (E, I 
Extrusion Machines: 12 
Injection Machines: 30 


*Component Mfg. Inc., W. 
Bridgewater C, I, T) 
Compression Presses: 3—30 ton; 4—2 ton 
Injection Machines: 30—10 oz.; 3—2 oz. 
Transfer Presses: 4—15 ton 


Service, 


*Custom Extrusion, Inc., Sheffield (E) 


Extrusion Machines: 3—3%%” 


Dapol Plastics, Inc., Worcester (D 
Injection Machines: 16—4 oz. to 48 oz. 


"Deerfield Plastics Co., Inc., South Deer- 


field (E) 
Extrusion Machines: 6—2” to 4%” 


*Di Pierro Mfg. Co., Shrewsbury (DD 
Injection Machines: 6—-1% oz. to 16 oz. 


Duall Plastics, Inc., Athol 
Extrusion Machines: 1—2%”; 1—3%” 


*°Foster Grant Co., Inc., Leominster (I) 
Injection Machines: 70—2 oz. to 60 oz. 


Fox Specialty Co., Inc., Lowell (D 
Injection Machines: 4—6 oz.; 12—16 oz. 


*Gulliksen, Wm. M., Mfg. Co., Newton 
Lower Falls (C, T) 
Compression Presses: 30—30 ton to 390 ton 
Transfer Presses: 20 


*Operates own tool room 
kIndicates Advertiser 


*Haveg Industries, Inc., Taunton Div., 


Kingman, E. B. Seigg Leominster H 
Extrusion Machines: 2 2-2%” 
iiogien Machines: 1—2 oz.; 3—4 oz.; 1— 
6 oz.; 8-8 oz.; 1-16 oz.; 1-20 oz. 
*Kirk Molding, F. J., Co., Inc., Clinton 


Injection Machines: 8—4 oz.; 3-12 oz.; 
1-8 oz. 


“Lawrence Adhesive & Chemical 


Co. 
Inc., Lawrence (C} 
Compression Presses: 1 


*Maynard Plastics Co., Inc., Salem (E) 
Extrusion Lar ae "2-14 4, 7-2%"; 4— 
8%"; 3—4%"; 


**Morningstar Corp., The he, Cambrid ie (I) 
Injection Machines: 14—from 4 oz. to 32 oz. 


*New England Tape Co., Hudson 


Northeastern Plastics, Inc., {Boston (D 
Injection Machines: 6—4 to 


Northern Industrial Chemical Co., Inc., 
S. Boston Cc. 
Compression Presses: 25 
Injection Machines: 2 


*Novelty Bias Binding Co., 1 Linelone (E) 
Extrusion Machines: "; 7-2%"; 4— 
3%"; 3-44” 


*Phoenix Plastics Corp., Clinton (E, I) 
Extrusion Machines: 4—various sizes 
Injection Machines: 1—6 oz.; 2—8 oz.; 1— 

10 oz. to 12 oz. 


Plastic Academy Products Corp., Leom- 
inster 
mtorgion Mastin es: 2—2 oz | oz.; 3— 
12 oz.; a 0Z.; 3-20" ‘02.5 —32 02z.; 
1—48 _S —60 oz. 


> 


Plastic Extrusion & Engineering Co., Inc., 
Extrusion Machines: 1-2%” 

*Plastics Industrial Products, Inc., Pea- 
body — ; ) 
Extrusion Machines: 3~—2%"; 1—3%” 


*Plastimold Corp., Attleboro (Cc, I 
Compression Presses: 65—150 ton to 700 ton 
Injection Machines: 2—8 oz. and 24 oz 


Plast-O-Matic Corp., Leominster (D 
Injection Machines: 11—4 oz. to 12 oz. 


*Plastronic Engineering Co., Marlbor- 
ough (C, I, T) 
Compression Presses: 5—15 ton; 1—20 ton 
Injection Machines: 1—2 oz 
Transfer Presses: 2—15 my 1—30 ton 


Plymouth Cordage Co., Pee (E) 
Extrusion Machines: 1—2 


*Prolon Plastics, Florence (C, 1) 
Compression Presses: 4—15 ton; 2—75 ton 
15—100 ton; re ton; 4—450 ton; 
1—500 ton W.S.; 1-500 F.O.; 1—75 ton 
Sal Press; 2— zy Presses 
injostien Machines: 3-6 o 2-4 oz.; = 
oz.; 5-16 oz.; 4— Ss ce.; 7—100 oz. 
i2 150 OZ.; 2~300 oz. 


°R.E.C. Mfg. Corp., Holliston 
Com a ¥~ : 12—30 ton to Cb a 
ton 


Injection Machines: 8—3 Kan to 8 oz. 
Transfer Presses: 4—150 


*Reed Plastics Corp., Worcester (E) 
Extrusion Machines: 5—up to 4%” 


Schreiter, F. R., Inc., Clinton (I) 
Injection Machines: 1—2 oz.; 3-8 oz.; 5— 
16 oz.; 1-22 oz. 


*Sheffield Plastics, Inc., Sheffield (E) 
Extrusion Machines: 1-2%"; 4—3%” 


Springfield Moulders, Inc., Monson 1) 
Injection Machines: 2—4 oz.; 1—6 oz.; 
oz. 


CUSTOM MOLDERS AND EXTRUDERS 


Standard Plastics Co., Inc., Attleboro 
(C, IL, T) 


Compression Presses: 6—50 ton to iso ton 
Injection Machines: oF ie oz. to 1 
Transfer Presses: 2—50 


*Star Mfg. Co., Leominster 
Injection Machines: 12—6 oz. to 9 oz. 


°Terkelsen Machine Co., Boston (C) 
Compression Presses: 


*Victory Plastics Co., Hudson (C, E, I, T) 
Compression Presses: 25 ton to 800 ton 
Extrusion Machines: 


Injection Machines: 6 oz. to 100 oz. 
Transfer Presses: 50 ton to 200 ton 


*Worcester Moulded Plastics Co., Wor- 
cester 
Injection Machines: 20—8 oz. to 375 oz. 


MICHIGAN 


Adrian Plastics, Inc., Adrian 
Compression Presses: 2 —85 ton and 
Injection Machines: 2— 5 oz. and 12 


*Bangor Plastics, Inc., Bangor 
Compression Presses: 20—30 ton to 64 
Transfer Presses: 1—30 ton; 1— 


*Blue Water Plastics Co., St. Clair (1) 
Injection Machines: 2—4 oz. to 6 oz.; 2— 
12 oz. to 16 oz. 


*Bopp-Decker Plastics, Birmingham (I) 
woe gm Machines: 2—6 oz.; 2—8 oz.; 2— 


*°Cadillac Plastic & Chemical Co., De- 

troit C, E) 

Extrusion Machines: 1—-1%"; 3—1%"; 1— 
2%"; 3-3”; 1—4%” 


*Carpart Plastics, Inc., Owosso 1) 
Injection Machines: 2- 4 oz.; 2—6 oz.; 2—- 
8 oz.; 1-12 oz.; 3-16 0z.; 1-32 oz.; 

1—48 oz. 


*De Luxe Plastic Co., Detroit (E) 
Extrusion Machines: 2—3%”; 1—4%"; 1—5"; 


Detroit Macoid Corp., 
Extrusion Machines: 16 
Injection Machines: 12 


Detroit Molded Plastic Corp., i: 
I 
Compression Presses: 8-10 ton to 150 ton 
Injection Machines: 3—4 oz. to 8 oz. 
Transfer Presses: 2—up to 350 ton 


*Detroit Plastic Products Co., Mt. Clem- 
ens 
Injection Machines: 2—4/6 oz.; 5—12/1 


oz.; 1—20 oz. 
*Double D Plastics, Greenville @) 
Injection Machines: 1—4 oz.; 2—6 oz.; 

8 oz.; 2—20 oz. to 28 oz.; 5 a ed 
Duralastic Products Co., Detroit (C, I) 
Compression Presses: 29— 80 ton to 200 ton 

Injection Machines: 1—16 oz. 


*Fabricon Products, A Div. of The Eagle- 
Picher Co., River Rouge ) 
Extrusion Machines: 2 
Compression Presses: 15 ton to 200 ton 


°Frank Plastics Corp., Detroit (E) 
Extrusion Machines: 3 


*General Machine & Tool Works, Walled 
Lake ) 
Compression Presses: 2— ~ tons 
Injection Machines: 1—4 4—8 oz.; 4—- 

oz.; 1-60 oz.; 1-48 /80 oz.; 1— 
80/130 oz.; 1—800 oz.; 1—400 oz. 


General Plastics, Inc., Kalamazoo (E, I) 
Extrusion Machines: 1-2%” 
Injection Machines: 1—2 oz.; 2—2% oz.; 
1—8 oz.; 1-12 oz. 


Grand Haven Plastics Co., Grand ag 


Detroit (E, I 


> 


> 


Com jon Presses: 6—from 25 ton to 
150 ton 
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CUSTOM MOLDERS AND EXTRUDERS 


“Haas Corp., The, Mendon I, T) 
Com Presses: St 
Ce = 128 = he & 


et Py 


Transfer : “4-80 ton; 8-100 ton; 
4-150 ton; 2-175 ton; 4—250 ton, 
8-450 ton; 1-700 ton 


Hoffman Industries, Inc., Spring Arbor 


Injection M 


achines: 2—4 oz.; 
12 oz; 1-16 oz. 


1—8 oz; 1— 


*H 
ughes Plastics, lastice, Inc., St  jeagh @ 


9 oz. 
*Kal Plastics, Inc., Beaverton (E) 


*Lus-Trus Corp., Ypsilanti (E) 
Extrusion Machines: 10—from 2” to 3%” 


*MacDonald Mfg. Co., New Baltimore 


Cc, D 
Compression Presses: 2—150 ton 
Injection Machines: * 2 oz.; s if oz.; 1- 
4 of; 3-6 oz; 4-8 oz; 1-9 oz.:; 
1-20 ‘oz.; 1~22' oz; 1-82 oz.; 1-48 
0z.; 2-64 0Z.; 1-80 oz. 


—_— Reis Maiied Plastics Div., 
t is Paper Co., cater Cc. 

ESO on , A. 1- , oe LD) 

eutemetio; 90 rs" ton; 5-100 

3 so ton; 8—200 ton; 1-300 ton; 

1-400 ton; 2500 ton 

Injection Machines: 1—4 oz.; 1—6 oz.; 1— 

a oz.; 5-12 oz.; 3-16 oz.; 1-32 oz.; 

1—48 oz.; 1-48 oz. to 64 oz. 

Transfer Presses: 5—200 ton; 1-300 ton 


*Michigan Plastic Products, Inc., Grand 
Haven 


Injection Machines: 1-2 oz.; 1—4 oz.; a) 
6 oz; 2-8 oz.; i 12 oz.; 2—16 oz.; 
2-20 oz; 1-32 oz. 


*Modern Plastics Corp., Benton Harbor 


Compression Presses: 35—S5 ton to 1 
Injection Machines: 21—4 oz. to 60 oz. 
Transfer Presses: 25—35 ton to 500 ton 


Pace 2.1 | D., Grand | Rapids (Cc, 1) 


ion Presses: 
injettion” Machines: RA Cy = 


Plastic Masters, Inc., N Buffalo (C, I 
Compression Presses: 1 ee ae D 
Injection Machines: 6—from 12 oz to 20 oz. 


"Plastics Processing Co., Flint | 
Compression Presses: 1100 
Extrusion Machines: i-3y 
Injection Machines: 1—4 oz.; 

16 oz.; 1-20 oz. 


Plastra Corp., Wa Walled Lak 
Injection achines ; 3 Jy oe ad 


(C, E, 1) 


1—8 oz.; 1— 


Quick Industries, Quick Plastics Div., 
Jackson (E) 
Extrusion Machines: 4—2%” 


Reynolds Plastics, Inc., Walled Lake (C) 
Compression Presses: 1—8 ton; 1-100 ton 


*Robbins, Jim, Co., Royal Oak (1) 
Injection 8—4 oz.; 2-8 oz.; 1— 
a5 aes 8-16 oz.; 18-16 oz. to 20 oz. 

—28 oz.; 2—60 oz.; 1-100 oz. 


St. Clair Plastics Corp., Marine City (I 

injogtion Machines: rs | oz.; 1 0z.; 
1—4 oz. to 6 oz.; 1—5 oz.; 1-10 oz.; 
1-12 oz. to 16 oz. 


Swedish Crucible Steel Co., Dart. 


Somers tree fg, "0 
on ines: 5—2%" t 
jection Machines: 15. ay oz. 





*Operates own tool room 
x Indicates Advertiser 





*Thisries Studio, Inc, by Papids (1) 
jection Machines: 
Comporssicn Foqeee 1—20 ton; (ED 
ct Machines: 4-6 oz.; 5—8 o2z.; 1— 
> ee T 1—30 ton; 1-100 ton; 
Wolverine Plastics, Inc., Milan 

“ial Injection Machines: 16-6 oz. ad 
Cc, ’E) 

Compression Presses: s6-<0P 1000 ton 


*W-L Molding Co., Ate hn 
1-200 ton; 2-250 ton 
2—250 ton; 1—20 ton 
*Woodall Industries, Inc., Detroit 34, 
Extrusion Machines: up to 


MINNESOTA 


*Booker & Wallestad, Inc., Minneapolis 
=e x7 Machines: 1—1 oz.; 1—4 oz.; 15— 


“Genta Plastic Molding, Inc., —— 


a 
= Machines: o* oz.; 2—2 oz.; @ 
2% oz.; 2—4 oz.; 1—12 oz. 


E ring Associat Winona 
aa ia t. oz.; 1-2% & 
1—4 oz.; 1-8 oz. 


Excelsior Plastics, Inc., Sub. of North- 
west Plastics, Inc. , Belle Plaine (C, 1, T) 
Comgeenion 
to = Or d Transfer 
auedion Machines: 
**Mayon Plastics, Ho opking (E) 
Extrusion Machines: 2%"; 1-3%" 
Minneapolis Plastic Molders, Inc., Min- 
neapolis (G, 1, T) 
Compression Presses: 18—50 won a ton 


Injection Machines: 4—2 oz. 
Transfer Presses: 10—50 ton bed 300 | ton 


**Minnesota Plastics Corp., St. Paul (I) 
Injection Machines: 38—% oz. to 48 oz. 


*North Star Industries, Inc., Minneapolis 


8—2 oz. to 28 oz. 


Injection Machines: 1-4 oz.; 1—6 oz. 


Northwest Plastics, Inc., St. Paul (C, I, T) 
Compression Presses: 20—50 ton to ton 
Injection Machines: 14—2 oz. to 28 oz. 
Transfer Presses: 16—150 ton to 500 ton 


*Plastics, Inc., St. Paul 


C, I, T) 
Com ression Presses: 


18—from 12 ton to 


Injection “Machines: 10-2 to 24 oz 
Transfer Presses: 4—from 175 ton to 500 ton 


*Product Engineering & Development 
Co., Hopkins Cc, 
Compression Presses: 2~—175 ton; 1—100 
ton; 1—30 ton 
Transfer Presses: 1 Plunger transfer, 175 ton 
*Rainbow Plastic Products, Inc., Minne- 
enolt 
jection Machines: 6—from 2% oz. to 20 oz. 


“Rayette, In Ine., St. Paul (C, I 1) 
ae at 50 “tons S100" eg Py 150 ton; 1 


200 t 
injection “Machines: 2—8 oz.; 1—4 oz. 
*Sperzel Co., Minneapolis (C, I, T) 
Compression Presses : 400 ton; 3— "600 


ton; 4—1500 ton 
Injection ‘Vilchines: 1—4 oz. to 6 oz.; 1— 
8 oz. to 10 oz.; 8—12 oz. to 16 oz. 
Transfer Presses: 1—400 ton; 3—600 ton 


*Thermotech Plastics, Inc., Affiliate of 
Booker & Wallestad, Inc., Minnea “ 


Conpopesion Presses: 1—25 ton; 1-39 tal? 
ton; 1—75 ton 
Injection Machines: 4—2% oz. 


*Thunderbird Plastics, Inc., 


Injection Machines: 1—6 oz.; 
9 oz.; 4—12 oz. to 16 oz 


*United Fabricators & ani. Inc. 
Stillwater 1} 
Injection Machines: 14—1 oz. to 30 oz. 


Minneapolis 
- 8 oz.; 1— 


(For complete addresses, see Alphabetical Index, p. 1179) 


* Wilcox Products Co., ems: 


Compecerion and Transfer ree 2 

1—50 ton; 1—100 ton; mn 1300 on 

Injection Machines: 4-2 oz.; 2-2% oz, 
1—4 oz.; 1—6 oz. 


MISSISSIPPI 


Fryling Electric Products, Holly Spri 


Injection Machines: 1-8 oz.; 


16 
2—32 oz.; 1—48 oz.; 1-60 oz °° 


MISSOUR! 
* Avsco, Excelsior S rings 1) 

In achines: 1— 6—4 oz to 
6 oz.; 1— “72 of. to 16 02; 2-16 oz. to 
20 oz.; 1-48 oz. 


*Cepco Plastics Co., (Crestwood) St. 
Louis 2 sis Ht) 
ogee Fe ss Si re Se 

Clear View Plastics Corp., Poplar Bluff 


Injection Machines: 2—12 oz.; 3 a® 
16 oz.; 1-16 oz. to 20 oz 


Kngincosed Products, Inc. F Hembvood § 


Machines: 1-8 oz.; 
“x oz.; 1-12 oz.; a 16 oz. 
Hanley Plastics Co., St. Louis (Cc, 


e Cc 
i Comprenion «Pesta 130 too votre 
as Paw ton; 4—100 ton; 1-31 


*Injection Molding Co., Kansas Ci 
Wa (GELT 


K-S-H Plastics, Inc., High Ridge (E) 
Extrusion Machines: 


*Koller Craft Plastic Products, Me [h 

t 

Com ression Presses: 2—50 ton; Ay = 
$7150" ton ton; 4-200 ton; 1-250 

- ction Mach SF po 
30 oz.; 2-16 oz.; 1-9 oz.; 
8—4 oz.; 1-2 oz. 

Tages Presses 

125 ton 


*Kuhlman Plastics Co., Inc., Kansas Ci 


Injection Machines: 1—4 ; 3-9 oz.; 2- 
yk, 4—16 oz.; 1-20 ‘02.5 2—48 02.; 


Lenco, Inc., Jackson (C. 
Compression Presses: 2-75 ton; 1— Oe ae 
1—200 ton 


Injection Machines: 
Transfer Presses: 


Ties 0Z.; cm 
1-12 oz; 


1-300 ton; 3-175 ton; 


, T) 


1—8 oz 
1-200 om 1—100 ton 
*Owens Plastics Co., The, Kansas City (E) 


Extrusion Machines: 2-3%' 
*Plastics Molding Co., Inc., St. Louis 


. & 
Compression Presses: 5—75 ton, 5—100 ton, 


10—175 ton 

Injection Machines: 1—4 to 6 oz 

Transfer Presses: 5-75 ton, $100 ton, 
10—175 ton 


*St. Louis Plastic Moulding Co., St. Lown 


Injection Machines: 1—3 oz.; 2—6 oz.; 5~ 
12 oz.; 1-16 oz. 


*Western Textile Products Co., St. Los 


Extrusion Machines: 1-2%”; 2—3%” 


NEBRASKA 


*Kerrco, Lincoln (Cc L, 
Com Presses: 7—50 ton to 300 ton 
Injection Machines: 4—3 oz. to 12 oz. 
Transfer Presses: 2 
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Omaha Plastics Co., Omaha 
Compression Presses: 4—25 ton {s 
Injection Mac’ Hy “ to 4 oz. 


Skt, 
hines : 
ransfer Presses: 1—35) 
*Western Plastics Corp.., Ly (E) 
Extrusion Machines: 


NEW HAMPSHIRE 


*Kapgo Plastics Corp. Menchester (E) 
Extrusion Machines: 


NEW JERSEY 


*Acetal Molding Co., Morristown (I) 
Injection Machines: 8—% oz. to 20 oz. 


*Action Plastics, Inc., Paterson (E) 
Extrusion Machines: 12—from 144” to 10” 


Ail Plastics Corp., Avon-by-the-Sea (1) 
Injection Machines: 2—4 oz. to 6 oz.; 1— 
8 oz.; 1-12 oz. to ita 


*American Hard Rubber Co., Div. of 
Amerace Corp., Butler (, E, L 1) 
Compression Presses: 16—100 ton; 16-17 

ton; ba 200 ton; 39-250 ton; 3— tf 
ton; 1—400 ton; 3— ay ton; 1—760 ton; 
s— i600 ton; 1—2400 ton 
Extrusion Machines: 10—2%” to 41%” 
Injection Machines: 1—1 oz.; 8—8 oz.; 1— 


oz. 
Transfer Presses: 1—500 ton 


American Thermoplastics Corp., Union 
E 


Extrusion Machines: 10—1%” to 4%” 
Arrow Plastics Corp., Passaic (D 
Injection Machines 6: 1—4 oz.; 3-12 oz.; 
1-12 oz. to 16 oz.; 1—24 oz. 


*Atlas Plastics, Inc., Little Ferry (D 
Injection Machines: 3—12 oz.; 1—5 oz. 


Bel-Art Products, Pequannock (D 
Injection Machines: 1—% oz.; 1—100 oz. 
special machine 


Berkeley Engineering & 
Berkeley Heights 
Compression Presses: 

1—300 ton 
Injection Machines: 
16 oz. 


Mfg. Co., 

(Cc, I) 
1—50 ton; 1—150 ton; 
2—4 oz.; 1-8 oz.; l— 


*Bloomfield Molding Co., Bloomfield 


> 
Compression Presses: 3—100 ton; 3—200 
ton; _* ton 


Injection Machines: 1—4/6 oz.; oie 


oz.; 1—8/10 oz.; 1—4 oz; 1-— OZ.; 
1—20 oz. 


*Boonton Molding Co., Boonton (C, I, T) 
Compression Presses: "96—-f rom 25 ton to 
500 ton 
Injection Machines: 19—from 2 oz. to 16 oz. 
Transfer Presses: 17—from 25 ton to 300 ton 


Britel Products, Inc., Paterson (1 


Injection Machines: 6—2 oz. to 12 oz. 


**Carmer Industries, Inc., Kenilworth (E) 
Extrusion Machines: 


*Carolan, K. T., & Co., ine. ae (E) 
Extrusion Machines: 3—1" ¥,” 


*Celanese Plastics Co.., 
Div., Newark (I 
Injection Machines: 2—2% oz.; 11—3% oz.; 


—4 oz.; 3—4% oz.; 1—5 oz.; 3-8 oz. 
*Celluplastic Corp., Newark (E, ID 
Extrusion Machines: 5—up to 3%” 
Injection Machines: 16—3 oz. to 12 oz. 


Royal Container 


*Cerramoplastic Molders, Inc., Morris- 
town (C, T) 
Compression and Transfer Presses: 40—25 

ton to 1000 ton 


*Claremould Plastics Co., Newark (D 
Injection Machines: 10—from 4 oz. to 16 oz. 


*Operates own tool room 
kIndicates Advertiser 


Continental Industries, Inc., Orange @) 
oe S Mace —4 oz.; 2-8 oz.; 2— 


Corroplast, Inc., Passaic (E) 
**Davis, Joseph, Plastics Co., Kearny 


Extrusion Machines: 26—1” to 2 
Injection Machines: 14—2 oz. to 16 oz. 


*Delta Plastics Co., w= L, T) 
Comeseatien Presses: Gb D 
Machines: 


1 oo gl 
ae fon 1—100 ton 
“Doon Corp., E. Paterson 
Injection or, Machines: 18: 2-12"; 4-1 


**Dillon-Beck Mfg. Co., Hillside @® 
Injection Machines: 11—4 oz. to 16 oz., 


*Emeloid Co., Inc., The, Hillside 2 
Injection Machines: oA, = 
6 oz.; 2—8 oz.; 1-12 oz. 
*Fibro Corp., Clark 
Injection Machines: 14—1 oz.; 4—6 oz 
8 oz.; 2-9 oz.; 1-12 oz. to 16 A. 
3-16" oz.; 2—20 oz.; 1—48 oz. 


Flex Products Corp., Bouthertosd, (E, ID 
Extrusion Machines: 1—1"; 
Injection Machines: 3 I 4, 


Food Film, Inc., Caldwell 
ee 1-1"; 


(E) 
3-1%"; 1-2%"; 


*Fortney Mfg. Co., Inc., Newark (D 
Injection Machines: 1—4 cz.; 4-8 oz.; 1— 
i2 oz. 


*°*Garfield Mfg. Co., vere 


» T, CM) 
Compression Presses: 7—25 ton; 5—50 ton; 
4—100 ton; 1-200 ton; 1-300 ton; 


1—500 ton 
Transfer Presses: 1—25 ton; 1—50 ton; 4— 
—300 ton 


100 ton; 1—200 ton; 1 


*Garray Plastics, Inc., Kearny (D 
Injection machines: 8—2 oz. to 16 oz. 


Cranford i 


*Gibson Associates, Inc. 2 - 
oz. to 0z.; 


Injection Machines: 1— 
12 oz. to 16 oz. 


*Greising Engineering Co., ar 4 

Cc, i) 

Compression Presses: ose ton to 100° ton 
Injection Machines: 1—2 oz 


Hall Mfg. Corp., Paramus (E) 
Extrusion Machines: 1—2”; 1—2%"; 1-3” 
Holstein, Lee, Injection Molding, Inc., 

Clifton ( 
Injection Machines: 
oz.; 1— oz. 


*Hungerford Plastics Corp., Morristown 


E, I) 
5—1%”" to 6” 
16—8 oz. to 57 oz. 


*Hyde, A. L., Co., Grealoch (E, 


Extrusion Machines 
Injection Machines: 12—2 oz. to 200 oz. 
(E, 1) 


*Hydrawlik Co., Roselle 
Extrusion Machines: 1—3%4”; 1—4” 
Injection Machines: 1—8 oz. 


1—4 oz.; 1—6 oz.; l— 


Extrusion Machines: 
Injection Machines: 


*Industrial Devices, Inc., Edgewater (I) 
Injection Machines: 5—2% oz. 


Industrial Plastic Co., Metuchen (E) 


Extrusion Machines: 6—1” to 4%” 


*Industrial Plastics & Equipment Co., 
Orange (C, E, I, T) 
Compression Presses: 4 
Extrusion Machines: 1 
Injection Machines: 2 
Transfer Presses: 1 


*Jersey Plastic & Die Casting Co., 
ington 
Compression Presses: 
Injection Machines: 
Transfer Presses: 3— 


Res 


8—50 ton to ae 2) 
11—1 oz. to 32 oz. 
50 ton to 200 ton 


CUSTOM MOLDERS AND EXTRUDERS 


“Keystone Plastics, Inc., jioves: &, 2 
xtrusion Machines: |1—2" rs 2-24": 2-8 
— Machines: oz. 
*°Kiiiien 1 Tool & Mts = Verona (E) 
Machines: 


*Kuhn & Jacob Molding & Tool Co., 
Trenton T) 
35 ton; 


Transfer 
10—140 ton; 
automatics 


Presses: 5—100 ton; 6—60 ton; 
; 6—25 ton 

| — Ae 3-830 ton; 2—200 ton; 

14—100 ton 20-50 ton 


Laurel a Reaction, ee Inc., Asbury Park (D 
: 9-3 oz. to 8 oz. 


Compression Presses: 
Extrusion Machines: i. 
Injection Machines: 1—2 a {Ss oz.; 1— 


480 
—_— 1—100 ton; 2—250 ton; 
1—500 ton; 1—1000 ton 


**Lor-El Co., erse sey City (I) 
Injogtion 6 —1 oz.; 4—4 oz.; 4— 
oz.; 1-6 ona ~ 12 oz.; 1—20 oz. 


*Luzerne Rubber Co., Trenton (C, E, I) 
Compression Presses: 12—80 tons; 5-150 
ton; 5—200 ton; 2—600 ton 
Extrusion Machines: 1—4%” 
Injection Machines: 2—5 oz. to 7 oz. 


M.C.I. Plastics Corp., Lakewood (1) 
Injection Machines: 3-4/6 oz.; 4—-12/16 oz. 


*Mack Molding Co., Inc., baring 
. E, I, T) 
Compression Presses: 45—15 = to 360 ton 
Extrusion Machines: 2 
Injection Machines: 67—% oz. to 560 oz. 
Transfer Presses: 12—90 ton to 560 ton 


®Madan Plastics, Inc., Cranford (C, I 
Compression Presses: 1- 250 ton; 1—350 ton 
Injection Machines: 1-6 oz.; 4-16 oz.; 

1—24 oz.; 1-36 oz.; 1-48 0z.; 1-68 oz. 


*Martindell Molding Co., Teenten, Ln 
Compression Presses: 19-59 ton to vj ton 
Injection Machines: 7—4 oz. to 16 oz. 
Transfer Presses: 12—100 ton to 300 ton 


McCormack Rubber Co., Ridgefield Pon 


Compression Presses: 19—25 ton to 400 ton 


Mira Plastics Co., Inc., Paterson 
Injection Machines: 7—2 oz. to 20 oz. 


Modern Molders, Inc., Kenilworth _ (D 
Injection Machines: 74 oz. to 16 


Modular Molding Corp., Burlington (C) 
Compression Presses: 1—100 


Monmouth Plastics, Asbury Park (E) 
Extrusion Machines: 1—3 (vacuum vent- 
ed); 1—4%” hey 


Natvar Corp., Woodbridge (E) 
Extrusion Machines: 12 


Nemo Labs., 


Transfer Presses: 


*°Orange Products, Inc., Orange (1) 
Injection Machines: 1—4 oz. to 6 oz.; 3— 
8 oz.; 2—12 oz. to 16 oz. 


Inc., Belleville (T) 
1—2 oz.; 1—4 oz. 


*Park Plastics Co., Linden 
Injection Machines: 2—3 oz.; 
12 oz.; 1—24 oz. 


(1) 
6—6 oz.; 138— 


*Parkway Plastics, Inc., New Market (1) 
Injection Machines: 4—4 oz. to 6 oz.; 2—- 
12 oz. to 16 oz. 


Plastex Process Co., M:z nywood (E) 
Extrusion Machines: 1—1%"; 4” 


*Plastic Extruded Products Co., Eliza- 
beth (E) 
Extrusion Machines: 

Plastic Glass. Corp., Newark 
Compression Presses: 1—60 ton 
Extrusion M: : 2-2%” 


*Plastic Inlays, Inc., Summit (D 
Injection Machines: 4—8 oz.; 3—4 oz. 


up to 3%” 


(C, E) 
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*Plastic Laminating Promees 884 2 Vauxhall (C) 


oP sd. 500 toy 1096 2 48 B00 te 
*Plasticraft Mfg. Co. ) Kearmy (DH 


Injection Machines: 


Plasti-Form, Inc., Phillips (E) 
Extrusion Machines: 2—1%"; 4—2%"; 1-3%' 


Plastylite Corp. North Plainfield (C, E, T) 


—50 ton to 350° ton 
i aueien Machines: 3 
Transfer Presses: 3-100 ton to 250 ton 


*Plura Plastics, Maplewood 8) 
Injection Machines: 4—8 oz. 


Poly Plastic Products, Inc., Paterson (E) 


Extrusion Machines: 8—1%" 8%” 
Polyplastex United, Inc., Union (C) 
Comporsten Tupom: | ]-10 | sgeninns, © 
i . x . - ngs, 
3” daylight, 9%" x 4%" “ 
**Pyro Plastics Corp., Union (D 
Injection Machines: 40 automatic from 2 oz. 

to 12 oz. 

Raybestos-Manhattan, Inc., Passaic 

C, E, l, T) 


*Reliance Plastic & Chemical Corp., Pat- 

erson (E) 
Extrusion Machines: 3 

Resistoflex Corp... Re Roseland (C, E) 
Compression Presses: 12—up to 1200 ton 
Extrusion Machines: 10 

Richard Alan Button Co., 


Roosevelt 
, I, T) 
Compression Presses: 1—30 ton; 1—50 ton; 
12—150 ton to 200 ton 
Injection Machines: 1—2 oz. 
Transfer Presses: 1—200 ton 


*Riverside Plastics, Inc., Woodbury (E) 
Extrusion Machines; 2— "2%"; 1—3%” 


ton 


Compression Presses: 30—from 500 ton to 
2500 ton 


St. Regis Paper Co., Panelyte Div., Tren- 
Cc 


Sanford Plastics Corp. * Matawan (C, E, I) 
Compression Presses: 2—150 ton 
Extrusion Machines: 5—from 1” to 2%” 
Injection Machines: 1—3 oz. 


Mfg. Co., Berkeley Heights 


Compression and Transfer Presses: 7-78 ton 
to 350 ton 
Injection Machines: 7—2 oz. to 20 oz. 


*Shasta 


Shaw Insulator Co., Irvington ct 
Compression and Transfer Presses: 45—from 
5 ton to 400 ton 


Injection Machines: 7-2 oz. to 24 oz. 


en 
Injection Machines: 1—6 oz.; 4—12 oz.; 
1—12 oz. to 16 oz.; 1—24 oz. 


a eaeaee Tool & Die Co., Inc., Spring. 
I) 


Star Mfg., Inc., Little Ferry (C, T) 
Compression Presses: 20—15 ton to 300 ton 
Transfer Presses; 15—15 ton to 300 ton 


*Sterling Plastics Co., Union (1D) 
Injection Machines: 12—2 to 20 oz. 


*Sussex Plastic Co., Belleville (E) 
Extrusion Machines: 1—3%", 2—2%", 3-14” 


*Swenson, V. H., Co., Inc., Kearny (C, I) 
Compression Presses: 1—50 ton, 1-150 ton 
Injection Machines: 12—4 to 12 oz. 


*Tech-Art Plastics Co., Te. 


I, T) 
Compression Presses: 16—15-100 ton; B0— 
50-1000 ton 


Injection Machines: 8—2 oz. to 20 oz. 
Transfer Presses: 6—50 ton to 200 ton 
**Thermoplastic Processes, Inc., Stirling 


» 
Extrusion Gteshipes: 4—1%”" (Vertical); 9 
1%"; 2%"; 1-3)” 2-4 yy," 
Injection it 1 
*Operates own tool room 
vertiser 


Indicates Ad 
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“Teen Plastics Corp., The, New Mar- 
t 
Tien Machines: 11—from 1” to 3%” 


Van Ness Plastic Molding Co., Belleville 
Injection Machines: 1—3 oz.; 1—6 oz.; 1— 
8 oz. 


*Wagner Plastic Corp., Lakewood (D 
Injection Machines: 5 


*Wheaton Plastics Co., Mays Landing (DD 
Injection Machines: % oz. 


*Wiggins Plastic Molding Co., Inc., Clif- 
ton (C, L, T) 
Compression Presses: 15—10 ton to 565 ton 
eae Machines: 8—1 oz. to 80 oz 
Transfer Presses: 15—20 ton to 565 ton 


*Wilpet Tool & Mfg. Co., Kearn (D 
Injection Machines: 27-2 oz. to 2 > 


NEW YORK 


"Anh Plastic Co., New w York (C, E (C, E, a] 


Exton Oe nee —1%”" to \ mes 
Inj Machines : 62 oz. to 16 oz. 


"Acadia Plastics, Inc., New Cassel (E) 
Extrusion Machines: 1—2%”"; 2-3%"; 1-3%” 


Accurate Molding Corp., Long Island 


City (C, T) 
Compression Presses: 18—15 ton to 300 ton 
Transfer Presses: 3-150 ton 


**Ace Plastic Co., Jamaica (E) 
Extrusion Machines: 8-14" to 4%” 


er. Plastic Molding Corp., Long Island 
it 
= Machines: 1—\% oz.; 2—8 oz. 


Amco Plastics Processors, Inc., Jamaica 
Extrusion Machines: 2—6” 


*American Merri-Lei Corp., Brooklyn (D 


Injection Machines: 2—4 oz.; 1— 


*American Plasticraft Co., New York (I) 


Injection Machines: 5—2 oz. to 2% oz. 


*American Plastics Corp., New York 


(Cc, E, 1) 
Compression Presses: 10 
Extrusion Machines: 3 
Injection Machines: 20 
*Amos-Burke Plastics, Syracuse (D 


Injection Machines: 3—1 oz. to 16 oz. 


** Anchor Plastics Co., Inc., Long Island 

City E) 

Extrusion Machines: 1—1%"; 1—1%”; 10— 
2%"; 2—-2%"; 4—3%” 


Art Plastics Co., Woodside (D 


Injection Machines: 2—4 to 6 oz.; 2—2% oz 


*Auburn Plastics, Inc., Auburn (C, E, I) 

Compre ssion Presses: 10- automatic rotary; 
-15 ton omg | 

2-2%"; 1- 


oo. Machines: 2—1%"; 

5—4% 

Injection Machines: 25—1 oz. to 40 oz. 
*Augusta Plastics, Inc., Bronx (1) 


Injection Machines: 1—2 oz. to 3 oz.; 2— 
4 oz. to 6 oz.; 6-12 oz. to 16 oz. 


*°Axel Plastics Research Laboratories, 
Long Island City (CM) 


Beacon Plastic & Metal Products, Inc., 
New York ( 
Injection Machines: 4—% oz. to 16 oz. 


*Bernard Plastics Molding Corp., Lon 
Island City 
Injection Machines: 1—2 oz.; 


2—6 oz.; 1— 
8 oz.; 1-12 oz.; 2—16 oz. 


Bo-Mer Mfg. Co., Inc., Auburn (C) 
Compression Presses: 38—30 ton; 1—50 ton; 
1—150 ton 






(For complete addresses, see Alphabetical Index, p. 1179) 


*Bricmar Mfg. Corp., Jew York 
ae b 4%”; 1-1%"; €, 
Injection 1—1 oz.; 2—2 oz. Pas 


Machines: 
8 oz.; 1—4 oz.; 1-6 oz.; 6—8 oz.; 
12 02.3 2—16 oz. 


*Brilhart Plastics Corp., Mineola 
Presses: 1—40 Cc oe 
a $20 ton; 4-30 ton; 6 
Injection Machines: 1—32 oz.; 1—16 oz. to 
oz.; 6—12 oz.; 3-8 02.5 4-6 oz; 


34 oz.; 8-1 oz 
Presses: 1-400 ton; 1-125 ton; 
1—100 ton; 1—50 ton 


*Busada Mfg. Corp., Flushing (E) 
Extrusion Machines: 1-1\%"; 2—2%” 


*Cee-Jay Extruders, Inc., New Hyde Park 
Extrusion Machines: 6 ©) 


*Chili Plastics, Inc., N. Chili (D 

Injection Machines: 1-4 oz. jet flow; 3- 
oz. to 6 oz.; 2-8 oz.; 

iL 12 oz. to 16 oz. 


*Continental Extrusion Corp., Brookl 
Extrusion Machines: 3—1%”", 2—2%", 1—4%" 

**Contour Extrusion Co., Mamaroneck 
Extrusion Machines: 6—1%%” to 2%” 


*Cotton, C. B., & Co., Inc., Brooklyn My 

Injection Machines: 2- 4 oz. to 6 oz.; 2- 

8 oz.; 1-12 oz.; 1—12 oz. to 16 02.5 
1-16 oz. to 20 oz. 


Cox Plastics Corp., Buffalo (C, T) 
Compression Presses: 6—up to 300 ton 
Transfer Presses: 3—up to 300 ton 


*Creative Ornament Molding Corp., New 
York (D 
Injection Machines: 12—2 oz. to 4 oz. 


Crellin Plastics Corp., Chatham o 
eat” or Machines: 1—2 oz.; 4—8 oz.; 3- 
oz.; 1—20 oz. 


Curtiss-Wright Corp., New York (D 
Injection Machines: 4—up to 48 oz. 


*Custom Extruders, Ine., _Earmingiale (E) 
Extrusion Machines: 


*Daylite Industries, Brooklyn (E) 
Extrusion Machines: 1—2%"; 1—3” 


*Debo, L. F., Mfg., Co., Depew (I) 
Injection Machines: 1—2 oz.; 1—4 oz. 


**DeWitt Plastics Div., Shoe Form Co., 
Inc., Auburn (E) 
Extrusion Machines: 1—3%” 


*Diemolding Corp., Canastota (C, T) 
Compression Presses: 55—35 ton to 500 ton 
Transfer Presses: 15—25 ton to 500 ton 


*DuBois Plastic Products, Inc., ~o 


Injection Machines: 2—1 oz.; 2—4 oz.; l- 
5 oz.; 10—8 oz.; 1-12 oz; 2— 16 oz. 


*Dynamic Plastics Corp., Richmond - 
Injection Machines: 6—4 oz. to 28 oz. 


Eagle Molding Corp., Brooklyn (1 
Injection Machines: 4-8 


*Eagle Plastics Corp., Long Island City 
(C, I, 
Compression Presses: 15 ton; 300 ton 
Injection Machines: 4 oz. 
Transfer Presses: 50 ton 


(C, E) 
up to iu ton 
—up to l 


*Emerson Plastics a Bronx 
Compression Presses: 3— 
Extrusion Machines: 


Excel Plastic Mfg. Corp., New York (I) 
Injection Machines: 1—4 oz.; 4—8 oz.; 1- 
12 oz.; 1—20 oz. 


*Farragut Plastics Corp., Brooklyn _ (I) 
Injection Machines: 6—9 oz.; 12—16 oz. 
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*Finest Plastics. Inc., Pelham Manor _ (I) 
Injection M: : 6—from 4 oz. to 20 oz. 


Frisch Doll Supply Co., Inc., New Yor 
Injection Machines: 2-16 oz. 
°Gabriel Mfg. Co., Inc., s Sow. Point ® 


Injection Machines: 2- 4 oz.; 3— 
9 oz.; 1-12 oz. 


°Gary Enterprises, Inc., Brooklyn (D 
Injection Machines: 1-4 oz. to 6 oz.; 2— 
8 oz.; 2—8 oz. to 10 oz.; 1-10 _ oz.; 
1-12 0Z.; 4 tas oz. to 16 02Z.; 2-16 
oz. 1-32 o: 


‘Conelll Corp., Long Island City ) 
Injection Machines: 2—4 oz.; 2—8 oz.; 2— 
12 oz.; 2-16 oz.; 1— ‘86 oz. 


*°Glass Laboratories, Inc., Brooklyn 


*Gries Reproducer Corp., New —s 
Injection Machines: 26—.03 oz. 
°Guild Molders, Inc., Elmsford (D 


Injection Machines: 1—2 oz.; 1—4 oz. to 
6 oz. 


*Haller Plastics Corp., Long Island ar 


Injection Bfadiines: 2—4 oz. to 6 oz.; 2— 
8 oz.; 1-12 o2.; 3-12 oz. to 16 oz. 


Harro Plastics Co., Bronx (1D 
Injection Machines: 1—2 oz.; 1-8 oz.; 1— 
12 oz. to 16 oz. 


*Hollis Press, Inc., The, New York 
(C, I, T) 
Compression Presses: 2 
Injection “Machines: 4 
Transfer Presses: 9 


Holman Mfg. Co., Inc., Hoosick n 
Compression Presses: 15—5 ton to 150 ton 
Injection Machines: 1-2 oz.; 1—12 oz. 
Transfer Presses: 3—5 ton to 75 ton 


*Hopp Plastics, Div. of The Hopp Press, 
Inc., New York (D 


Injection Machines: 2—8 oz. 


*Hydro Molding Co., Inc., Plattsburg 
> 
Compression Presses: 12—60-175 ton : 
Injection Machines: 16—1%-12 oz. 
Transfer Presses: 8—60-175 ton 


*Ideal Plastics, Div. of Ideal Toy Corp., 
Hollis (D) 
Injection machines: 8—3 oz.; 10-4 _ oz.; 

30-8 oz.; 2—9 oz.; pe— 12 oz.; 2-16 
oz.; 9-20 oz.; 4 32 2-48 OZ.; 
2-60 oz. 


*Industrial Sales Engineers, New York 
(E, I) 
Extrusion Machines: 8—-1%” to 4%” 
Injection Machines: 10—2 oz. to 22 oz. 


"Injection Molding Corp., New York (I) 


Injection Machines: 12—4 oz. to 32 oz. 


Insulation Mfg. Co., Inc., Brooklyn (C, T) 
Compression Presses: 50—15 ton to 450 ton 
Transfer Presses: 8—22 ton to 450 ton 


International Plastic Co., New York (C, E) 
Compression Presses: 1-2 oz.; 1-8 oz.; 
2 oz. 
Extrusion Machines: 1—3” 


*Jamison Plastic Corp., North Bellmore 
(D 
Injection Machines: 13—2 oz. to 32 oz. 


*Jay Moulding Corp., Cohoes (C, T) 
Compression Presses: 1—50 ton; 2—100 ton; 
250 ton; 1—200 ton 
Transfer Presses: 1—50 ton; 1-250 ton 
*Jodee Plastics, Inc., Brooklyn (E, ID 
Extrusion Machines: 1—2%”"; 1—3%” 
Injection Machines: 1—2 oz.; 1—8 oz. 


Kwik-Mold Plastic Corp., Brooklyn (1) 
Injection Machines: 2—4 oz.; 4—8 oz.; 2— 
oz. 


° 
Operates own tool room 


k Indicates Advertiser 


Lamtex Industries, I Inc, Farmin 
Compression Presses 
1-60 ton; 1-100 tt 1780 to 


*Leaf Plastics, Inc., Yonkers (D 
Injection Machines: 10—up to 24 oz. 


le (C) 
— ton; 


* Life Plasties, Ine. Inc., Beookiya 
noe = achines: oz. to 8 @ 
capacity 


Lumelite Corp., Pawling (1) 
Injection Machines: up to 4 oz. 


_——- Molded Products, Inc., = 
indoction Machines: 26—2 oz. to 200 oz. 


*Mastro Plastics Corp., New rork c(E, 1 #) 
Extrusion Machines: 1-2%"; 1—4% 
Injection Machines: 2—4 Re. it 8 oz.; 

4—12 oz.; 5— 16 oz.; 1-24 oz. 


*Molded Industrial Plastics, Inc., Flushin 


ti 
Injection Machines: 1—2 oz.; 1—4 oz.; 1— 
9 oz.; 1-16 oz. 


*Molding Industries of America, Inc., 
Bronx I 
Injection Machines: 8—8 oz. to 50 oz. 


Nalge Co., Inc., The, Rochester (D 
Injection Machines: 1—1 oz.; 2—special 40 oz. 


*National Fabricating Co., S. Ozone * 
I 


Injection Machines: 10 


*National Plastic Corp., Brooklyn (I) 
Injection Machines: 8-2 oz. to 16 oz. 


Norton Laboratories, Inc., Sub. of Auburn 
Plastics, Inc., Lockport (C, I, T) 
Compression Presses: 32—from 70 ton to 
450 ton; 3—from 15 ton to 75 ton, auto- 
matic 
Injection Machines: 11—from 1 oz. to 16 oz. 
Transfer Presses: 29—from 75 ton to 500 ton 


(E, I) 
Extrusion Machines: 1-2 %,” 
Injection Machines: 1—2% oz.; 1—8 oz.; 
2—4 oz. to 6 oz.; 2—6 oz.; "2-8 oz. to 
10 oz.; 9-9 0z.; 2—12 oz to 16 oz.; 
1—16 oz.; 1-24 oz.; 1—48 oz. 


*Ontario Plastics, Inc., Rochester 


Plasticite Corp., New York (ID 
Injection Machines: 4 oz. to 16 oz. 

Plasti-Skill Co., Long Island City (CM) 

*Poly-Cell Plastics Co., Smithtown (E) 
Extrusion Machines: 7—up to 4%” 


*Princess Plastics, Brooklyn (E) 
Extrusion Machines: 8 


*Progressive Plastics Mfg. Co., Bronx (I) 
Injection Machines: 13—from 4 oz. to 20 oz. 


*R. C. Molding, Inc., New Hyde Park (1) 
Injection Machines: 5—4 oz. to 6 oz.; 1— 
a to 8 oz.; 1-12 oz.; 4—12 oz. ~ 

oz. 


*Robinson Plastics Corp., New York (I) 
Injection Machines: 1-2 oz.; 2~—12 oz.; 
3-16 oz. 


*Rotuba Extruders, Inc., Brooklyn (E, I) 


Extrusion Machines: 
Injection Machines: 


°Silicone Insulation, Inc., Bronx (C) 
Compression Presses: 12—to 75 ton 


Specialty Insulation Mfg. Co., Inc., Hoo- 
sick Falls Cc, T 
Cc — ssion Presses: 2—12 ton; 22—25 ton; 
12-50 ton; 10-75 ton; 6—100 ton; 
-175 ton; 2—400 ton 
Trassfe Presses: 2—12 t 4—25 ton; 
50 ton; 8—75 ton; 8-100 ton; 1— tb 4 


Sterling Molders, Inc., Lockport (D 
Injection Machines: 1—% oz.; 3-2 oz.; 1— 
oz.; 1—4 oz.; 8—6 oz.; 4—8 oz.; 1— 

10 02.5 5—12 oz. 


*Streamline Plastics Co., Bronx 
Extrusion Machines: 
Injection Machines: 15 


&, 1) 


CUSTOM MOLDERS AND EXTRUDERS 


°Syracuse Ornamental Co., Inc., Syracuse 


Commnoention Eoprsvne 11—186 ton to 4 2 ton 
Injection Machines: 3—16 oz. to 64 oz. 


*Syracuse Plastic Molders, Syracuse (I) 
Injection Machines: 2 


*Thermold Corp., Manlius (D 
Injection Machines: 1—2 oz.; 1—4 oz.; 3— 
8 oz.; 1-12 oz.; 1-16 oz. 
Tico Plastics, Inc., New York (1 
Injection Machines: 11—8 oz. to 35 oz, 


Trimold, Inc., Kenmore {1) 
Injection Machines: 8—4 oz. to 6 oz.; 
oz.; 1—9 oz.; 1-12 oz. to 16 oz, 


*Tri-Point Plastics, Inc., Albertson (E) 
Extrusion Machines: 8—%” to 2” 
United Mask & Novelty Co., Inc., Glen- 


dale (C) 
Compression Presses: 1-75 ton 


*United Progress, Inc., Albany (C) 


Compression Presses: te 5 rom to 25 ton 


*Vari-Plastics, Inc., Watervliet (D 
Injection Machines: 3—4 oz.; 1—8 oz.; 1— 
16 oz.; 5—22 oz. 


*Voges Mfg. Co., Inc., Ozone Park (I) 
Injection Machines: 12—2 oz. to 28 oz. 


*°Vogt Mfg. Corp., Rochester (E, I) 
a ag Machines: 25—up to 4% 
Injection Machines: 2—up to 2 oz. 


** Waljohn Plastics, Inc., Brooklyn (E,I) 
Extrusion Machines: 
Injection Machines: 


*Westplex Corp., Rochester Ay 
injestion “ey = iF 15—% oz.; 1-2 
—3% oz.; 3-6 oz.; 4—10 oz.; 2— 12 ‘or oz. 


* White, S. S., Dental Mfg. Co., Industrial 
Div., New York (C, E, I, T) 
Compression Presses: 2—25 ton; 4—175 ton 
Extrusion Machines: 1—4” 
Injection Machines: 12—2% oz. to 12 oz. 
Transfer Presses: 1—200 ton 


*Whyte Mfg. Co., Inc., New York (D 
Injection Machines: 12—4 oz. to 32 oz. 
*Woloch, George, Co., Inc., New York 

E) 


Extrusion Machines: 8 


*World Plastics, New York (E) 
nas m7 Machines: 1—1%"; 2—2”; 1-244"; 


NORTH CAROLINA 
*Burlington Molding Corp., Burlington 


Injection Machines: 8—3 oz. to 48 oz. 


*Carolina Industrial Plastics Div., Essex 
Wire Corp., Mt. Airy (E) 


Extrusion Machines: 21 


Northwest Plastics of Carolina, Inc., Sub. 
of Northwest Plastics, Inc., Gastonia 


| i BD 
Compression and Transfer Presses: 17—25 
ton to 500 ton 
Injection Machines: 2—8 oz. to 16 oz. 


*Southern Plastics Engineering Corp., 
Greensboro C, I, T) 
Compression Presses: 5—from 15 ton to 


ton 
nes wo Machines: 5—from 1/3 oz. to 


Transfer Presses: 3—from 80 ton to 90 ton 


OHIO 


*Ackerman Plastic Molding Div., Con- 
eempeees Iron-Steel Mfg. Co., Cleve- 
Suis Presses: 11—100 ton to 385 ton 


*Adams Plastic Products, Cincinnati (I) 
Satection, Dipgpaness 1—8 oz.; 1-8 oz.; 1-10 
oz.; 1-12 oz. 





CUSTOM MOLDERS AND EXTRUDERS 


“American Agile Corp., Bedford (E, D 
Machines: 2 
ay Machines: 1—22 oz., 1-160 oz. 


** Andover Industries, Inc., Sub. of Erie 


Resistor Corp.., over 1) 
Injection Machines: 12—from 6 oz. to 1 
oz. 


Argo Plastic Products Co., Covelens D 
Extrusion Machines: 1—1%” - 
Injection Machines: 1—16 oz. 

Barren, J. E Plastics Inc., Cincinnati (D 

Injection Machi : 1-2% oz.; 1-8 oz. 


Bluebird Plastics, Inc., Coshocton @ 
Injection Machines: 1—8 oz.; 1-16 oz.; 2— 
5 oz. 
*Buckeye Molding Co., Miamisburg (I) 
Injection Machines: 14—4 oz. to 16 oz. 


°C.T.L. Div., Studebaker-Packard . 
Cincinnati C) 
Compression Pessoa —75 ton; 3—toggle; 


2—800 ton “1600 ton 


*Cambridge Panclyte Molded Plastics 
Div., St. Regis Paper Co., Paeg | 


ae | yr Machines: 1—4 oz.; 1—8 oz.; 


5—16 oz.; 1-20 ‘02.5 1—24 oz.; 

ey ‘Oz. pr replasticizers; 2—32 oz.; 

| ~48 oz.; 4B oz. with preplasticizer; 

1-60 oz.; i —60 oz.; with preplasticizer 

*Campro Co., The, Canton (D 
Injection Machines: 16—6 oz. to 32 oz. 


*Canton Containers, Inc., Canton (E) 
Extrusion Machines: 3 


*Carlon Products Corp., Aurora (E, I, T) 
Extrusion Machines: 
Injection a Ya 
Transfer 7 


*Champion Molded Plastics, Inc., Brym 
Injection Machines: 18—4 oz. to 48 oz. 


Chemplasco, Inc., Cincinnati (E) 
Extrusion Machines: 1-3” 


*Cincinnati Milling Machine Co., The, 


Cimastra Div., Cincinnati (C) 
Compression Presses: 100 ton to 300 ton 


"Cincinnati Molding Co., Gcinnati (C) 
Compression Presses: 6—50 to 


Colonial Plastics Mfg. Co., Cleveland (I) 
Injection Machines: 15 


**Conneaut Rubber & Plastics Co., Con- 
neaut (E) 
Extrusion Machines: 8 


*Cosmo Plastics Co., Cleveland 
Injection Machines: 2—6 oz.; 3—8 oz.; 
oz. 


{2 


**Crane Plastics, Inc., Columbus (E) 
Extrusion Machines: 8—up to 4%” 


D & G Plastics Co., Kent 
iniostion Machines: 1—8 oz.; 
1—20 oz. 


Dekoron Products Div., Samuel Moore 
& Co., Mantua (E) 
Extrusion Machines: 5 


@ 
1-10 oz.; 


*Dimco-Gray Co., Dayton (C, T) 
Compression Presses: 16—5 ton to 400 ton 
Transfer Presses: 4—60 ton to 140 ton 


*Electric Auto-Lite Co., The, ern 
Products Group, Toledo CL 
Compression 40—from 15 ton to 
23 ton 
Injection Machines: 26—from 8 oz. to 28 oz. 
Transfer Presses: 21—from 50 ton to 350 ton 


Elyria Molding & Engineering Co., Elyria 
C, 1, T) 
Compscuion, tog 4 8—50 ton (automatic) ; 
13—75 and 350 ton 
Injection RL, hs 8 oz. to 20 oz. 
Transfer Presses: 10—75 ton ~ $50 ton 


*Operates own tool room 


Indicates Advertiser 
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°F & F Mold & Die Works, Inc., Dayton 
Injection Machines: 11—4 oz. to 22 oz. 


Fenco Mfg. Co., Akron 
Injection Machines: 8—8 oz.; 4—12 oz.; 2— 


16 oz.; 2—20 oz. 
Francis Industries, Pataskala (E, T) 
Machines: 


Extrusion 
Transfer Presses: 1 


*Geauga Industries Co Middlefield | fF) 
Extrusion Machines: 2-2 4”; 2-—3%"; 


**General Industries Co., The, re 
Compression Presses: 112-30 ton to ion 


ton 
Injection Machines: 18—8 oz. to 200 oz. 
Transfer Presses: 30-100 ton to 425 ton 


Globe Molded Plastics, Inc., Byesville Dp 
injection vapamenees 1-4 oz; —12 0oz.; 


*Greene, Ray, & Co., , Toledo (C) 
Compression Presses: 8—50 ton; 1-150 ton 


Harcort Mfg. Co., The, Ravenna (C, I) 
Compression Presses: 
Injection Machines: 7 


Industrial Plastics, Inc., 
Injection Machines: 2— 


*Kurz-Kasch, Inc., Dayton (C) 
Compression Presses: 116—6 ton to 800 ton 


L & P Tool Co., Cincinnati (C, E) 
pression Presses: 50 to 
Extrusion Machines: con 4 1%” 


Lake Erie Plastics, Inc., Elyria +9) 
Injection Machines: 6—4 oz. to 24 oz. 


**Lester Engineering Co. , cleveland ) 
Injection Machines: 4—to 3: 


**Lincoln Molded Plastics, Inc., Circle- 
ville ( 
iniogion, Mnahipens 17: 1—6 oz.; 1—12 oz.; 
~16 oz.; 2—32 oz.; 2-48 oz.; 1—64 
ee 1-200 oo 


Majestic Molding Co., Elyria (D 
Injection Machines: 1—4 oz.; 4—8 oz.; 2— 
16 oz.; 1—32 oz. 


Cleveland (D 


12 oz.; 1—8 oz. 


Mehl Mfg. Co., Cincinnati 
Mold-Rite Plastics, Inc., 2, Cambridge (C, T) 


Compression Presses: 
Transfer Presses: 0-300 te ton 


*Munray Products Div., The — Mfg. 
Co., Cleveland (C, E, I, T) 
Compression Presses: 1-15 ton; 1— "ton; 
Extrusion Machines: 5—-2%"; 2—3%"; 1-4” 
Injection Machines: 1—1% oz.; 1—2 oz.; 1— 


4 oz. 
a Presses: 1-—20 ton; 1—40 ton; 1— 
100 ton 
Napco Plastics, Inc., Napoleon ® 
—8 oz.; 2 


ear ty Machines: 4 * 6 oz.; 
; 1-16 oz.; 2—28 oz. 


*Ohio Plastic Co., The, a a) 
Injection Machines: —6 o2.; 8 oz.; 2— 
1— aT oz.; 1—24 oz. 


*Owens-Illinois Glass Co., Plastics Div., 
Toledo (C, I) 
Compression Presses: 1—60 ton 
Injection Machines: % oz. to 12 oz. 


oz.; 1-12 oz.; 


*Payne Tool & Engineering Co., The, 
Springfield (Cc, I) 


compression Presses: ys ton 
Injection Machines: 2—4 


*Peerless Molded Plastics, Inc., ree 

> 7) 

Compression Presses: 6—50 ton; SGP 
2~—150 ton; 1-200 ton; 1—300 ton 

Injection Machines: 5— 2% oz.; 1—4 oz. 7— 
4 oz. to 6 oz.; 1-6 oz.; 1-8 oz.; 1— 


oz. 
Transfer Presses: 6—75 ton; 1-150 ton; 1— 
200 ton 
*Plaskolite, Inc., Columbus 


Ss Tr Machines: 1—4%, 1—3%, ») 


**Plastex Co., The, Columbus (E) 
Extrusion Machines: 1-2%"; 6-84", §- 


“Plastic dnerany Peewee. B3 Cincinnati (C, J) 
—40 ton to 400 ton 
am hea? —4 oz.; 1-2 oz. 


*Plastic Research Products, Div. 
» Urbana 


Plastic mae ai n» Byesville 
Injection Machines: 2—4 oz. 


*Plastico, Da 
Injection ie 3:6 a: Oto. a 


*Plastics Extrusion Corp., Columbus (E) 
Extrusion Machines: 


Precision Molded Plastics, Inc., Cleveland 


Injection Machines: 4—4 oz. to 24 oz. ca 
pacity 

**Pre Inc. Connesst ( 

eS 7-25 ton to 300 ton 


*Presque Isle Plastics, Inc., Pharmaceuti- 
cal Div., Conneaut a 
Injection’ Machines: 3—4 oz.; 3—6 oz. to 
; 8-12 oz. to 16 oz. 


°*R & K Plastic Industries Co., Cleveland 


Injection Machines: 6—4 oz.; 7-6 oz.; 
oz.; 2—12 oz.; 1-16 oz. 


*Recto Molded Products, Inc., —— 


Compression Presses: 58—10 ton to as ton 
Injection Machines: 11—2 oz. to 9 oz. 
Transfer Presses: 1—80 ton; 6-200 ton 


Sajar Plastics, > Ino. Middlefield 
Injection M. 4—8 oz.; 1—24 oz. 


@ 
*Schulman, A., Inc., Akron &) 
rt 1—3%” twin screw; 8- 
6”; 1-8"; se 1—combination inter- 
nal mixer with extruder 


*Seiberling Rubber Co., Plastics Div. 
Newcomerstown (C. B 
Conpegeaen, Presses: 2—5 deck; 1-6 deck; 
Extrusion Machines: 2—3%” 


Shepherd, J. H., Son & Co., Elyria 
Injection Machines: 2-8 


Standard Molding Corp., Dayton 
Injection Machines: ie oz.; 3—8 oz.; l- 
12 oz.; 1-16 oz.; 1—28 oz.; 2-48 oz. 


*Structurlite Plastics Corp., Hebron (C) 
Compression Presses: 18—25 ton to 500 tos 
with platen areas from 2’ to 6’ x 6’, 24” 

to 94” daylight 


Sun Plastic, Inc., Cuyahoga Falls @ 
Toledo Plastics Co., Toledo | (Cc, D 


Compression Presses: 1—50 
ae Machines: 1—2 A. 4 oz.; 2- 


Universal Molding, ding, Upper Sandusky 2 
Injection Machines Oz.; 
iS to 16 oz.; 3-80 ont 28 ons 


Vacuum Plastics Corp., Columbus (€) 
Extrusion Machines: 1-2% 
®Vichek Tool Co., Sub. of eee 


Industries Inc., Cleveland 
xtrusion Machines: 1 %” 


oz.; 1-16 oz.; 2-24 on; 1—48 oz. 


Vulcan Corp., Cincinnati 
Injection Machines: 8—12 oz. 


“te Plastics & Mfg. Co., Inc., Colum- 


us 
Injection Machines: 1—6 oz.; 3—8 oz.; l- 
12 oz.; 3-16 oz.; 1—20 oz. 


Wilson Plastics, Inc., {Sandusky ® 





(For complete addresses, see Alphabetical Index, p. 1179) 
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*Yardley ma Machines v Coleembes (E, I) 
patie Machines: 20-4 to 64 oz. 


lastics Cleveland (1) 
Zenith BS. 9-from 4 oz. to 80 oz. 


OKLAHOMA 
‘Gestineatel Plastics of Oklahoma, a7 


homa C 
Injection , =n 9-2 oz. to 48 oz. 


OREGON 


*Anderson Die & Mfg. | Co., Portland (D 
Injection Machines: 
(C, I) 


Beaman Plastics, Portland 
Compression Presses: 1-90 ms 1-—300 ton 
Injection Machines: 1-16 oz 


Grant & Roth Plastics, Inc., nee " 


Compression Presses: 1—300 ton =. a 


Injection M : 3-4 oz.; 


PENNSYLVANIA 
*A.S.K. Plastic Mfg. Co., Philadelphia My 


Injection Machines: 6: 1% oz.; 2 oz.; 
oz.; 2 oz. to 4 oz.; dans 6 02. 


Abutco Plastics Industries, Inc., se 
Extrusion Machines: 4%” 


*Acme Plastic Products Co., Inc., Doyles- 


town 
Compression Presses: 15—u 
Transfer Presses: 2—up to 


*Allegheny Plastics, Inc., 


Compression Presses: 2 automatic; 
ton; 6 manual; 4—300 ton 

Extrusion Machines: 2 ram type presses for 
TFE resins 


**American Insulator Corp., New Free- 


dom . 
Compression Presses: 85-10 ton to 2600 ton 
Injection Machines: 19—4 oz. to 48 oz. 
Transfer Presses: 16—40 ton to 650 ton 


to 75 ton 
5 ton 


*Byrd Plastics, Inc., Erie 
— Machines: 3-4 oz.; 2—8 oz.; 
oz.; 1-16 oz. to 20 oz. 


*Calcon Mfg. Co., Inc., » Vehnen ww 


Extrusion Machines: - 
2-6” 


{2 


**Consolidated Molded Products Corp., 
Scranton 
Compression Presses: 50—25 ton to 
Injection Machines: 30—2 oz. to 200 oz. 
Transfer Presses: 40—70 ton to 350 ton 


Curry Arts, Scranton 
Compression Presses: 1—36” x 38”, 4 open- 
ings 


Dama Plastics, Inc., Springfield (C, CM) 


Compression Presses: 28 ton; 1-100 ton 


*Erie County Plastics Corp. * © 
Injection Machines: 2—4 » ony 0Z.; 
16 oz.; 2—32 oz. 
Erie Plastics Co., Inc., Ae 
Extrusion Machines: a = 5 -3%": 1— 


*Erie Resistor Co., Erie (1) 
Injection Machines: 2l1—from 6 oz. to 120 
oz. 


Franklin Plastics, Inc., Franklin _(E, 1) 
Extrusion Machines: "9-9 %”; 3-3%"; 2-— 


4%” 
‘ Injection Machines: 1—6 oz.; 1-8 oz.; 1— 
1 12 oz.; 1—16 oz. 


Gessner Mfg. Co., Inc., Ambler (C, I) 
Compression Presses: 6—15 ton to 50 ton 
Injection Machines: 33 oz. 

*Operates own tool room 

Indicates Advertiser 


* & R Plastics Industries, Inc., Naza- 


(E, 1) 
“Extrusion Machines: 11-2" to 4%" * 
Injection Machines: $—2 oz. to 16 oz. 


Hall, Joseph, Tool Co. Eetedelghis (D 
Machines: 41% 1-2% oz.; 
or oz. pon wy 


Halsey, Inc., Scranton (C) 
Comp: ression Presses: 2—25 ton; 1-50 ton; 
2-200 ton; 2—300 ton 


Insulation Products Co., Pittsburgh (C) 
Cupane Presses: 2 ” Automatic (Stokes ); 
30 ton to 100 ton 


*James Industries, Inc., Paoli 
Injection Machines: 2-12 oz. to 16 oz. 


Keystone Packaging Service, aeae (E) 
Extrusion Machines: 2—1%"; 


Libbey Plastics, Inc., Sub. of , 
Illinois Glass Co., Lake City (C, -b T) 
Conpeedes 2~—75 ton; 1--150 ton; 
ton; rt 2- 


: yd ton; 
2—200 ton; 3-300 ton; 2-400 t 


*Loranger Mfg. Corp... Warren (C, I, T) 
Compression Presses: 5 to 700 ton 
Injection Machines: os oe 
Transfer Presses: 8—200 oon to 300 ton 


Ludascher, William C., Eddington (®) 
Injection Machines: 1-4 


*Mannesmann-Easton Plastic Products 
Co., Inc., Easton (E) 
Extrusion Machines: 7 


*Molded Insulation Co., ee kD 


te a0 2 
‘Transfer Presses: 10-1 ton to 150 ton 


*Niagara Plastics Co., Erie 
Injection Machines: "o-2% oZz.; 
1—6 oz.; 6—8 oz.; 1—12 oz.; 
1-82 oz. 


Nosco Plastics, Inc., Erie +8) 
Injection Machines: 28-2 oz. to 200 oz., 
including automatic 


*Nylomatic Corp., Morrisville (D 
Injection Machines: 6—2% 


Optics Mfg. Corp., Philadelphia (C) 
Compression Presses: 1—120 ton; 1-125 ton 


*Parker Plastics Corp., Pittsburgh 
Injection Maghtgess te 3 oz.; 1- 
1—4 oz.; 1—2% oz.; 1—2 oz. 


Pelmor Laboratories, Inc., Newtown (C) 
Compression Presses: 1-50 ton; 2—70 ton 


*Penn-Plastics Corp., Glenside 
Compression Presses: 15—1 ton ect st 
Injection Machines: 5—2 oz. to 24 oz. 
Transfer Presses: 5—50 ton to 250 ton; 2— 

75 ton automatic 


2—4 o2.; 
1—22 oz.; 


(1) 
10 oz.; 


**Perry Plastics, Inc., Erie (C, I, T) 
Compression Presses: 12—75 ton to 450 
Injection Machines: 10—4 oz. to 28 oz. 
Transfer Presses: 6—150 ton to 300 ton 


*Plastic Fabricators, Fernwood (C, I, T) 
Compression Presses: 5—75 ton to 150 ton 
Injection Machines: 1—3 oz. 

Transfer Presses: 4—75 ton to 125 ton 


*Plastic Mold & Die Co., Hatboro n 


(C, L 
Compression Presses: 1~75 ton; 1— 300 ton 
Injection Machines: 1—4 oz. vertical 
Transfer Presses: 1— 


*Plastic Mold & Tool Co., seit. 
Compression Presses: 10-15 ton to 75 C) 


Plasti-Vac Corp., Montgomery a) 
Injection Machines: 2—3 oz.; 5—6 oz. to 
oz.; 4—32 oz. 


Polymer Cs Corp., The The, Reading (E) 
+. 2” to 4%" 


@ 


°Port Erie Plastics, Inc 
_ oe hag 2% to $2 oz. 


Injection Machines: 


CUSTOM MOLDERS AND EXTRUDERS 
“Precision Plastics lastics Co., F Philadelphia @ 


Pebeis: Isle le Fiastice Inc., Erie @ 
Injection Machines: 2—4 oz.; 2—8 o.; 
res 38-16 02.; 2-22 oz.; 2—48 oz.; 


st ae agri Spee? Bok ; 9-8 on, i? 


jection M 
12 oz.; 1-24 oz. 
Ross, Milt 
ss, iton, Co., io-» The, I Hethese SET L 7) 
Injection Machines: 1— ee 
Transfer Presses: 3—15 to 


i-2 
50 ton; + 


1—60 ton; 1-75 ton; 1-156 om 
Sealview Plastics, Inc., West Consho- 
hocken (C) 
Compression Presses: 5—50 ton to 100 ton 
*Skyline Industries, Titusville 
Sapenten Boddaes: 26-214" to {ei 1,1) 
Injection Machines: 8—4 oz. to 24 oz. 
Transfer Presses: 1—50 tone = 100 t ton 


Squires Plastics, Inc., Verona ; 
Compesssion — 5—from 15 up to CD 
Transfer Presses: 2-25 to 400 tons 

an H., Plastics Engineering, Phil- 
inition Machines: 2 oz., 8 oz. ® 


*Sylvania Electric Products, Inc., Parts 
Div., Warren (Cc, L T) 
Compression Presses: 9—15 ton; 1-25 ton: 

13—50 ton; 16-60 ton; 2—75 ton; > 

150 ten 
Injection niochiness 1—2 oz.; 1—-2% oz.; 6— 
eet Fo FO. a S S150 
Tanstfer Tesses: 3 

2-200 ton; 8-400 ton a ie 


Taylor Custom Compounding Co., Erie 
Extrusion Machines: 1-1"; 1—3%"; 1— 
*Vulcanized Rubber & Plastics Co., Mor- 


risville 
Injection Machines: 20—3 oz. to 56 oz. 


** Westlake Plastics Co., Lenni Mills 


Compression Presses: 1—200 ton (CD D 
Extrusion Machines: 1-1" 1— bia 
Injection Machines: 1—4 oz. 


“Westmoreland Plastics Co., Inc., Lat- 
robe Cc 


Compression Presses: 24-15 ton to 
ton; 23 Automatic 


° Wirz, A. H., Ine., Chester fo) 1) 
Com pression Presses: 5—50 ton; 2—1 
Injection Machines: 1—4 oz.; 4-8 oz. 


Yates Co., Erie (E) 
Extrusion Machines: 5—1” to 3%” 


RHODE ISLAND 


Belon Chemical Co., 


Inc., Cranston (E) 
Extrusion Machines: 


1—2%"; 1-3” 
*Berkander, George F., Inc., Providence 
Extrusion Machines: €, 

a Machines: o-2 oz.; 1—4 oz.; 2-9 


— Plastic Products Corp., Provi- 
ence 

ae = 5 Machines: 1—1/8 oz.; 2—2 oz; 
0z.; —~ oz.; 4—8 oz.; 1-12 oz; 
ict 16 oz.; 1—20 oz. 


Dixon Corp., Bristol (E) 
G Plastics Corp., H V ‘ 
"Compre Brewer 20-96 wn” 
Injection : 6—to 
Melting Corp. of America, Inc., Provi- 
Presses: 25—up to 300 ton 
: 1-60 ten 
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*Plastic Engineering Co., Pawtucket (I) 
Injection Machines: 7— 2 oz. to 24 oz. 


*Rosbro Plastics Corp., Pawtucket (D 
Injection Machines: 
r Co., Woonsocket 


*Tu (E, 1) 
xtrusion Machines: 1%" to & 
Injection Machines: 100— 2". oz. to 32 oz. 


SOUTH CAROLINA 


Diversified Industries, Inc., Trenton (E) 
Extrusion Machines: 1—2 4, 1-3" 
Sonoco Products Co., yp nee 


Compecnsion Presses: 58-35 ton; RLS 
8—200 ton 
Buren Machines: 1-1" 


1—5 oz.; 2—16 oz. 
1-150 ton; 1-800 ton; 


Injection Machines: 
Transfer Presses: 
—500 ton 


*Soo Valley Co., Columbia (E) 


Extrusion machines: 2—1%” 


**Southern Plastics Co., Columbia (C, E) 
Compression Presses: 7—up to 200 ton a 
Extrusion Machines: 5—from 2%" to 4% 


*Westinghouse Electric Corp., Micarta 
Div., Hampton CE) 
Compression Presses: 375-50 ton if 1 


ton 
Extrusion Machines: 1—2”; 1—6” 


TENNESSEE 


*Extron Corp., Knoxville (E) 
Extrusion Machines: 1—3%” 


Kusan, Inc., Nashville (D 
Injection Machines: 19—2 oz. to 32 oz. 


Morgan Plastics, Nashville (D 
Injection Machines: 1—9 oz. 


"National Plastics, Inc., —— Ln 
Compression and Transfer ss a 150 
ton; 2—200 ton; 2- 300 ton 

Injection Machines: 1-1” oz.; 1-8 oz. 


**Patent Button Co. of Tennessee, Inc., 


The, Knoxville (Cc, I) 
Compression Presses: 44—15 ton to 500 ton 
Injection Machines: 7—4 oz. to 28 oz. 


Plastic Industries, Inc., Athens (D 


Injection Machines: 1—6 oz. to 8 oz. 


TEXAS 
*Allen, Fred, Co., Inc., Houston (D 


Injection Machines: 1—2 oz.; 1-10 oz.; 1— 
0 oz. 


*Amtex Industries, Inc., Dallas (D 
Injection Machines: 4—6 oz.; 1-20 oz. 


Blackwell Plastic Molding Co., Inc. 
Houston (E, i} 
Extrusion Machines: 1—2%”" 
Injection Machines: 10—1 oz. to 16 oz. 


*Crown Machine & Tool Co., Fort Worth 


Injection Machines: 
special machines 


*Doré, John L., Co., Houston (C, E) 
Compression Presses: 2—100 ton; 6—1 ton 
to 100 ton; 1-150 tas 6—400 ton; 1— 


500 ton; 1—750 to 
Extrusion Machines: 1- "3%"; 1-1" 


10—2 oz. to 6 oz.; 37 


*Electro Plastics Corp., Dallas (Cc, D 
Compression Presses: 2—50 ton 
Injection Machines: 1-—2% oz.; 1-3 oz.; 

1—15 oz. 

Hanszen Plastics Co., Dallas (Cc, L, T) 
Compression Presses: 1—25 ton; 1-75 ton 
Injection Machines: 1—12 oz. 

Trangfer Presses: 1—30 ton 





*Operates own tool room 
jcates Ad 


kind: 
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*Lamco, Inc., Lampasas (Cc, ID) 

Compression Presses: 1—50 ton 
: 1-8 oz. 

Libbert Inc., Fort Worth (E, 
be esha Ban Pars Wet 6%, 8 
Injection Machines: it * Sean oz.; 2— 

12 oz. to 16 oz.; 1—60 oz 
Linehan & Co. Dale. (E, I) 


Extrusion Machines: 5 


Injection Machines: i . 
*Loma Industries, Fort Worth €, 2 
achines 1—4%”"; 1— 


Extrusion M : 1-2%"; 
Injection Machines: 20—4 oz. to 300 oz. 
(Engel Process ) 


*Lone Star Plastics Co., Inc., Fort Worth 


(Cc, RD 
Compression Presses: 1-12 ton, 1—20 ton, 
2—50 ton, 2-200 ton 


os} Machines: 1—2% oz.; 1—4 oz., 

—6 oz. 

Moore Plastics, San Antonio (D 
Injection Machines: 1—8 oz. 

*Nalle Plastics, Inc., Austin (E, I) 
Extrusion Machines: 1—3%"; 1—4%” 


Injection Machines: 5—2 oz. to 10 oz. 
Plastic Engineering & Sales Corp., Fort 
Worth Cc 


Compression Presses: 1-75 ton 
Injection Machines: 1 


> 


Southwestern Plastic Pipe Co., Mineral 
Wells 
Extrusion Machines: 3—3%”"; 1—6” 


*Tex-Trude, Inc., Houston 
Extrusion Machines: 5-2” 
Injection Machines: 1-16 oz. 


* Wyatt Industries, Inc., Plastic & Rubber 
Div., Houston Cc, T 


Compression and Transfer Presses: 50— 2 
ton to 2000 ton 


(E, I) 


UTAH 


*Rider Engineering & Plastic Co., Salt 
Lake City 

Injection Machines: 
1—9 oz. 


1—4 oz. to 6 oz.; 


VERMONT 


*G-W Plastic Engineers, Inc. 


, Bethel (1D 
Injection Machines: 4—3 oz.; 


2—6 oz. 


Manchester Molding Co., 
Depot 
Injection Machines: 8 oz. 


Manchester 


Saratoga Plastics, Inc., Bellows Falls 


; (C, I, T) 
Up to 200 ton 
Miniature 
Up to 200 ton 


Compression Presses: 
Injection Machines: 
Transfer Presses: 


VIRGINIA 
*Diamond Plastic Industries, Inc., Roan- 


oke 
Injection Machines: 1—4 oz.; 


) 
; 6-8 oz.; 9-12 
oz. 


*Dominion Plastics Co., Colonial Heights 


Injection Machines: 1—3 oz.; 1-8 oz.; 2— 
16 oz. 


*Glamorgan Plastics, Div. of Glamorgan 


Pipe & Foundry Co., Lynchburg ({E) 
Extrusion Machines 


*Hafleigh & Co., Buchanan (C, E) 
Compression Presses: 1—25 ton; 6—150 ton 
Extrusion Machines: 1—2” 


*O’Sullivan Rubber Corp., Winchester 


: (C, E, I) 
Compression Presses: 3—29” x 50” 
Extrusion Machines: 2—400 Ibs/hr sheeting 
and shape dies 


(For complete addresses, see Alphabetical Index, p. 1179) 








Southeastern Plastics, Inc., Portsmouth 







































































(C, }) 
Compression Presses: Fe: 
Injection Machines; 4—up to 12 oz. Piasto« 
Inje 
*Virginia Plastics Co., R ke E 
Extrusion Machines: ae aye ° Plymo 
Injection Machines: 3% oz.; 1—4 oz. boy 
In) 
*Port: 
WASHINGTON 
Co 
*Allied Mfg. Co., Seattle (C, }) Ini 
Compression : 2—300 ton 
Injection Machines: ‘1-9 oz. to 12 oz. 





*Davidson Products Co., Seattle (E) 






Extrusion Machines: 3—1%"; 2—2%"; 1-34" 
Vaupell Industrial Plastics, Seattle (C, } 
ompression Presses: 






Injection Machines: rs 4 > 4 oz.; 14 
oz. to 6 oz.; 1-12 oz. 


Western Plastics Conp., Tacoma (E) 
Extrusion Machines: 









WEST VIRGINIA 


Plastics by Hoover, Huntington (C) 
Compression Presses: 1—20 ton; 1—30 too 







* Wheeling Stamping Co., W Wheeling (C,D 

Compression Presses: 14-50 ton; 6—60 tos 
Soa ee 8-150 ton; 1—300 ton (Re. 
Injection Machines: 
3—3 oz.; 2—8 oz.; 












1—% oz.; 2-—2% oz; 
1—12 oz. 

















WISCONSIN 


Chippewa Plastics Co., Div. of Rexall 
Drug & Chemical Co., Chippewa Falls 


























Ratesign “ne 13—1%”"; 16-2"; E) 


3%"; 














*Dickten & Masch Mfg., es 



































A 
C, ; T) 
Compression Presses: 8—50 ton f 400 ton 
Injection Machines: 3—8 oz. to 20 oz. 
Transfer Presses: 12—70 ton to 350 ton 
F 
*Evans-Zeier Plastic Co., Madison () 
Injection Machines: 2—8 oz.; 1—35 oz. I 








°Flambeau Plastics Corp., Baraboo (E, D 
Extrusion Machines: 1—1% 
Injection Machines: 25-2" OZ. . ‘260 oz. 





_ 

















Hartland Plastics, Inc., Hartland (D 
Injection Machines: 6-9 oz. to 80 oz. 


Lapcor Plastics, Inc., Manitowoc _(C, T) 
Compression Pres 12—250 to 500 ton 
Transfer Presses: 3-250 to 350 ton 















































Lewis, G. B., Co., Watertown (C) 
Compression Presses: 12—50 ton to 500 ton 




















*Masterglas Div., Gisholt Machine Co 
Madison 
Compression Promos: 

150 ton; 1—200 to 

















rm ton; 2—75 ton; 














*Milwaukee Plastics, Inc., et a | 


I, T) 
Compression Presses: 8—200 ton to CF ton 
Injection Machines: 8 oz. to 90 oz 


Transfer Presses: 5—200 ton to 350 ton 


* National Plasticrafters, Inc., Sub. of Na- 
tional Lock Co., Sheboygan ) 
Extrusion Machines: 3—244”; 












































1—4” 
Norco Plastic, Inc., Milwaukee (C, I, 7) 


Campeceston Presses: 12—50 ton to 1200 
on 


Injection Machines: 5—4 oz. to 25 oz. 
Transfer Presses: 5—50 ton to 500 ton 


Northland Plastics, Inc., Sheboygan (E) 
Extrusion Machines 


























*Peerless Plastics Co., Inc., Butler Ny 
Injection Machines: 3-5 ; ot 9 oz.; 2- 
16 oz.; 1—24 oz.; 1-90 oz 





uth 
iC, }) 


E, 


*Pereles Bros., » Milwaukee (I) 


Injection Mi 


Piastocon Cerp., Oconomowoc (D 
Injection Machines: Up to 7 oz. 
Plymouth Industrial Products, Inc., She- 


‘boy gan 
Injection Machines: 18—64 oz. to 1200 oz. 


*Presco Plastics, Milwaukee (D 


Injection Machines: 4—4 oz. to 20 oz. 


**Sunlite Plastics, 1 Ine., ie ©) 
Extrusion M: 1%” 


”, 62%", 1- 


antes ({E, I) 
1%"; 2-244"; 


*Teel Plastics Co., 
Extrusion “Machines: en 


1-— 
Injection Machines: 1—4 oz.; 


CUSTOM MOLDERS AND EXTRUDERS 


*Western Coil & Electrical Co., Races 


Injection Machines: 2—2 oz.; 
8 oz.; 1-9 oz. 


1—4 oz.; l- 


WYOMING 


1-6 oz. *Western Specialty Mfg. Co: Ch 
. rp., ey~- 
*Portz Plastics & Fibre Co., Milwaukee : i enne Cc 
Cc, I Trim Molded Products Co., Inc., Burling- Gamnvenion Besse: 1- 20 ton; 1-80 toa 
Compression Presses: 2—100 ton; 1— -200 ton ton I Injection Machines: 1—2% oz.; 1—4 oz. to 
Cc, ]) Injection Machines: 1—4 oz.; 2-8 o Injection Machines: 2—8 oz.; 2—12 oz. 6 oz. 
Z. 
(E) 
om sy’ 





FILM, SHEETING, AND COATED 
FABRIC PROCESSORS 


H. Calendered and Extruded 
Viny! Sheeting—Plain 

Calendered and Extruded 
Vinyl Sheeting—Embossed or 
Printed 

Vinyl-Coated Fabrics 


E. Calendered and Extruded 
Vinyl Film—Plain 

Calendered and Extruded I. 
Vinyl Film—E€mbossed or 
Printed 

G. Cast Vinyl Film J. 


Polyethylene Film—Plain 

. Polyethylene Film— 

(Re Embossed or Printed F, 

a Polyethylene Sheet—Plain 

Polyethylene Sheet— 
Embossed or Printed 











>xall 
alls 
(E) 
do CALIFORNIA Joanna Western Mills Co., Chicago *Sandman, Eli, Co., Worcester 
(A, B, C, D, J) 
) eanadntin : " Vernon Plastics Corp., Lynn 
1 Amercoat Corp., South . Gate (H) Midwest Plastic Products Co., Chicago 
ton Ellay Rubber Co., Los Angeles Heights (C) 
. , (E, F, H, D Resincraft Plastics, Inc., Chicago (C) MICHIGAN 
it Ficfirm Products, S. El Monte G) _Visking Co., Div. of Union Carbide Corp.,  *Cadillac Plastic & Chemical Co., De- 
Plastron Specialties, Inc., Los Angeles (C) Chicago (A) troit (A, C) 
»D Santa Barbara Plastics, Sub. of Narmco Lus-Trus Corp., Ypsilanti (C, D) 
Industries, Inc., Goleta Woodall Industries, Inc., Detroit (C, D) 
INDIANA 
(D) , ; 7 
* é . > Mie 3 
COLORADO General Plastics Corp., Marion (C) MINNESOTA 
7) Sawaya Mfg. Co., Inc., i? oye — Minnesota Mining & Mfg. Co., Irvington 
( » > ] > ) KANSAS Div., St. Paul (J) 
(C) National Plastic Films, Inc., Ottawa (A) 
ton CONNECTICUT MISSOURI 
; Cordo Chemical Corp., Norwalk () MASSACHUSETTS Bemis Bro. Bag Co., St. Louis (A, B, J) 
on; Kage Co., Manchester (A, B, C, D) K-S-H_ Plastics, Inc., High Ridge (C, D) 


Ross & Roberts, Inc., Stratford 
, B, C, D, E, F, H, I, J) 


Shore Line Industries, Inc., Clinton 
C, D) 


> > 


Bolta Products Div., The General Tire & 
Rubber Co., Lawrence (E, F, H, I, J) 


Bortman Plastics Co., Boston (J) 
Deerfield Plastics Co., Inc., South Deer- 


NEW JERSEY 
Acro Chemical Products Corp., 


mi) 


| field (A, C) Valley 

~ dina Goodall Vinyl Fabrics, Reading - (J)_—«—« Carpenter, L. E., & Co., Wharton (J) 
Hodgman Rubber Co., Framingham *Cooke Color & Chemical Co., Hacketts- 

T) Lamex, Inc., Norcross (H, L, J) town (H) 

00 Leathertone, Inc., Boston F, I, J) *Davis, Joseph, Plastics Co., Kearny 


ILLINOIS 


*Campco Div. of Chicago Molded Prod- 
ucts Corp., Chicago (C) 


*Colonial Kolonite Co., Chicago (C) 
elndi icates Advertiser 


Ludlow Plastics, Needham Heights (A) 
Maynard Plastics Co., Inc., Salem (A, B) 


Novelty Bias Binding Co., Chelsea 
A, B, E, F, H, I, J 


Pyrotex Co., Inc., Leominster (j) 


° 


Efka Plastic Corp., Hoboken (B, D, F, I 


Facile Corp., Sub. of Sun Chemical 
Corp., Paterson (J) 


Federal Industries, Belleville 
, F, H, I, J) 
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Fields, Charles S., Inc., Lodi 
(E, F, H, IL a) 


Food Film, Inc., Caldwell (A, E) 


*Gering Plastics, Div. of Studebaker- 
ackard Corp., Kenilworth (A, B) 


Herculite Protective Fabrics, Newark 


> 


Kaye-Tex Mfg. Corp., eg 
, C, E, F, H, ND 


Plastic Laminating Corp., Vauxhall (E) 


Poly Plastic Products, Inc., Paterson 
(A, B) 


Polyethylene Corp. of America, meee 
A 


Polyplastex United, Inc., Union (J) 
Polytex Corp., Hoboken (B, F) 


Reliance Plastic & Chemical Corp., Pat- 
erson A, 


Ridge Printing Co., Inc., Ridgefield 


> > 


NEW YORK 
A.A.A, Plastic Co., New York (C) 
American Combining Corp., Arverne (J) 


Associated Rubber & Plastic Corp., New 
York (E, F, H, I, ) 


*Auburn Plastics, Inc., Auburn (C) 
Blossom Mfg. Co., Inc., Brooklyn (A, E, J) 
Brulene Coated Textiles, Inc., Brooklyn 


Columbia Mills, Inc., The, Syracuse (J) 
Continental Extrusion Corp., eK 


Daylite Industries, Brooklyn (C, E, H, I) 


Elm Coated Fabrics Co., Inc., New York 
E, F, H, L, J) 


‘a 


Fabric Leather Corp., New York o Z . 
Fassler, M. J., & Co., Inc., Brooklyn 


> 


Fersons Industries, Inc., New York (E, H) 


*Frank, J. P., Chemical & Plastic Corp., 
New York (A, B, C, D, E, F, H, D 


Gelman, Herman A., Co., Brooklyn (J) 


Gordon-Lacey Chemical Products Co. 
Inc., Maspeth (E, F, H, L, Dp 


Indicates Advertiser 


Elmer Plastic Fabrics Corp. 


Harte & Co., ait New ay 
B, C, D, E, F, H, I, J) 


Hollywood i. Meta Lite Corp., New 
York ip 


Industrial Sales Engineers, New York (C) 


Intraplast Mfg. Co., New York 
, D, F, I, J) 


Jodee Plastics, Inc., Brooklyn (A, B, C, D) 
Kordite Co., Macedon (A, B) 
Marbek, Inc., Brooklyn (F, I, J) 


Metallic Plastics Corp., Long jee ak 


Micron Plastics Corp., tesdtive (A) 


Norman Plastics, Inc., New York 
(E, F, H, I, J) 


Perforated Sysciahtiee oo, New York 
B, C, D, E, F, G, H, L J) 


Plastic Film Os. Inc., New York (G, J) 


Printon Cn. iow York 
,C, D, E, F,G,H, LJ) 


Protective sates Cum», Brooklyn 
A, B, C, D, E, F) 


Rand Rubber Co., Brooklyn (E, F, H, I, J) 


*Rubber Corp. of America, Hicksville 
(E, F, H, 1) 


Rudd Plastic Fabrics Corp., Brooklyn 
(E, F, H, 1) 


Strauss, H. B., Corp., Bronx (E, F, H, I 
Trans-Poly Corp., Mt. Vernon (C) 


*Union Carbide Plastics Co., Div. of 
Union Carbide Corp., New York 
(E, G, H) 


Velveray Corp., New York 
(B, E, F, H, I, J) 


Weblon, Inc., New York (i) 


OHIO 
American Agile Corp., Bedford (C) 
Argo Plastic Products Co., Cleveland (C) 


Canton Containers, Inc., Canton 
(A, B, C, D) 


Chemplasco, Inc., Cincinnati (A) 
Clopay Corp., Cincinnati (A, B, C, D, G) 


Columbus Coated Fabrics on. Colum- 
bus (E, F, H, I, J) 


*Conneaut Rubber & Plastics Co., > Coe. 


neaut 


Domestic Film Products Corp., Miller3. 
burg 0 


Goodrich, B. F., Industrial Products 
Akron (A, E, F, H, 1, 


Goodyear Tire & Rubber Co., Films and 
Flooring Div., Akron (E, H) 


Interchemical Corp., Coated Fabrics Div. 

Toledo ii 
Mehl Mfg. Co., Cincinnati (A, B, D) 
Singleton & Mack, Inc., Akron ) 


Textileather Div., The General Tire & 
Rubber Co., Toledo () 


Trans-Plastics Corp., Cleveland (C, H, } 
Tuff-Clad, Inc., Kent (G) 


PENNSYLVANIA 
Abutco Plastics Industries, Inc., — 


Crystal-X Corp., Lenni Mills (A, B, C, D) 


Firestone Plastics Co., Pottstown 
(A, B, C, D, E, F, H,} 


*H & R Plastics Industries, Inc., Naza- 


re ’ 


Masland Duraleather Co., Philadelphia 


*Scranton Plastic Laminating 
Scranton (A, E. 


* Westlake Plastics Co., Lenni oa Ps 


RHODE ISLAND 
Belon Chemical Co., Inc., Cranston (D) 


SOUTH DAKOTA 


Raven Industries, Inc., ios Pie 
"(A, B, E, F, G, ) 


VIRGINIA 
Electro Plastic Fabrics, Inc., Pulaski (J) 
O'Sullivan Rubber Corp., a D 


WISCONSIN 


Chippewa Plastics Co., Div. of Rexall 
Drug & Chemical Co = nen ee 


C) 
Presco Plastics, Milwaukee (E) 


(For complete addresses, see Alphabetical Index, p. 1179) 
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ARIZONA 
Phoenix Plastics Co., Phoenix 


Number and size of preformers; 1—35 ton 


CALIFORNIA 


Aerojet-General Corp., Structural Plastics 
Div., Azusa 


Molding: Matched molds, transfer molds, vac- 
uum bag pacing, filament 
Presses: 1—20 ton, x 12 platen. aylight; 
1-35 ton, 18 x 18 ploten, 8 daylight; 
1—45 ton, 9 x 12 rome, © 1—56 
12 x 12 platen, 10 avlight,, “bo 0 ton, 
18 platen, 12 daylight; 1-200 ton, 
24 platen, 20 daylight; 2—240 ton, 
86 platen, 36 daylight; 1—300 ton, 
86 platen, 36 dayli 1—680 ton, 
laten, 58 dayli: ts 1—1000 ton, 

aten, 102 daylight 


Airconductors, Gardena 


Molding: Vacuum bag, cello tension wrap 
—~ metal mold 
Presses: 2 


Alsynite Div. of Reichhold Chemicals, 
Inc., San Diego 


Molding: Flat and formed shee’ 

Presses: Max. size: 60” x 102”, To" dayli 
Maximum size of flat or corrugated re! ae 
plastics panel: 40” x 12’ 


American Aerophysics Corp., Sub. of 
Corp., Compton 


ee: Vacuum bag molding; steel and epoxy 

| - 

Number and size of preformers: 1—48” Brenner 
single preform 

Presses : "36" 3 x 48” x 36”; 36” x 36” x 36”; 
24” x 24” x 72”; 24’ x 24” x 36” 


Automatic Plastic Molding Co., Berkeley 


Molding: Matched metal 
Number and size of preformers: 2 Turners 


Berdon, Inc., Santa Monica 


Maximum size of flat or cormagnted reinforced 
ag ber Corrugated, x 20’; flat, up 
to 

s continuous laminating 

Width and thickness a finished laminate avail- 

able: From .038 to .060 


Calfibe Co., Redlands 


Molding: Matched die vacuum bag molding; all 
types of molds 

Number and size of preformers: 1 
esses: 7 


Maximum size of flat or corrugated reinforced 
plastics panel: 44” x 88” 


Calresin Co., Div. of Knudsen Creamery, 
Los Angeles 


Molding: Comgecesion, wot layup, vacuum bag, 


and spray gun mo 
-, - 4 


Number and size 
Presses: 16 


Chemold Co., Santa Monica 


Moldin, ding: J Hydrentis on § re matched 
epory = bid 


umt and 
= wocilary 2 pecfemmenss 1-48” with 


‘indicates Advertiser 


Presses: 4—75 Par 3’ x 53’, 48” daylight, 
2-150 ton, 8’, 72” daylight; 
ton, 52” x 14 ie * daylight 

Maximum size of flat or corrugated reinforced 
—— panel: Ribbed 82%” x 96"; 
lat and ribbed panels, 44” 


Chemtron Fiber Glass Co., E] Monte 


Molding: Cold molding, ga 
re Tw steel, wood, plaster 

Presses : x 30, 2-46 x 48 x 72, 
1—60 - 144 x 24 


Maximum size of flat or corrugated reinforced 
plastics panel: 60” 3, 144 
Does continuous lamin: 
Width and thickness of 
x 50” 


nished laminate: 4” 


Dumont Corp., San Rafael 


Molding: Press, hydraulic, autoclave, vacuum 
bag, and ——— molding; low and high 
pressure laminatin: et layup 


also wi 
Presses: 1—60 ton, mr a 13” x ‘ta, 1—400 ton, 
"60 ton, 36”, nae x 24”; 


54” x 112”; 
—200 50”; 
1— "2200 ton, 72” x 72”; 1—400 ton, 50” 


Maximum size of flat or pane 
plastics panel: 54” x 112” press laminated 


Filon Plastics Corp., Hawthorne 


Specialize in: Glass and nylon reinforced trans- 
_lucent weeny resin building 
i on qcartuated ~ 


gth: Standard AW +? 10’, and 12’ 
Processing: Products processed on patented, con- 
tinuous, automatic equipment 


Fortin Plastics, Inc., he Nuys 


Molding: Vacuum bag and matched di 

Presses: 1—50 ton, 20 x ot 36” daylight; 1—50 
ton, 16 x 96, = .* daylight; 1—20 ton, 12 x 
18, 12” daylig ht; ton multiple platen; 
1-40 ton m ele platen 


General Plastics Corp., Los Angeles 


Molding: Matched steel dies 
Presses: 2—250 ton, 50” x 50”, 64” daylight; 
1-100 ton, 24° 96", 48" day —46 
28” $e" da an ton, 
if” x . *36” dayligh 


Gill, M. C., Corp., S. El Monte 

Molding: Matched ane & dies; also bengype 
sandwich ro ae -clad pl plywood lami- 

P | Pike ee x ies Fae vht, 1 oozal 

—— in 
1-36” x 86", *o’ da se" 
x 104”, Spenings Ia” day ios 
38”, 2” daylight, 2 opening; mF rotary 
laminating press 

Maximum size of flat or corrugated reinforced 

plastics panel: 72” x 168” 


Horkey-Moore Associates, Plastics Div., 
Torrance 
Molding: Matched metal dies, vacuum bag, fila- 


ment yin, and autoclave wf 
Presses: 1—840 ton, 6’ x 6’ platens, stroke 


Kimball Mfg. Corp., San Rafael 
Molding: Matched metal, hand layup, vacuum, 
spray 


remix 
Number and'sze of preformers: 2 to 60" diame- 


Koch, H., & Sons, Inc., Corte Madera 
Molding: Metal female with rubber plug; 
mat metal; split metal female with rub- 
6-36" 38" ae: sen, 100 as 
x 18” ioe, Briton ing, by 24 


platen, 








Maximum size of flat or corrugated reinforced 
plastics panel: 34” 

Does continuous lamin 

Width and thickness of MOished laminate avail- 
able: 34” x \%” 


Laminair, Inc., Gardena 


Mol : Vacuum bag; plaster, plastic, and 
metal molds; also — laminations 
Presses: 1-14 x 14 x3 


Marplex Co., El Segundo 


Molding: Matched metal molding; premix 
Number and size preformers: 3—to 30” 
Presses: 14—to 36” x 50”; daylight, to 48” 
Maximum size of flat or Corrugated reinforced 
plastics F 
Specialize in i 
for the lighting industry and giftw 


cations 


Mica Corp., The, Culver City 


or corrugated reinforced 
plastics panel: 18” x 36”; x 36” standard; 
up to 36” x 96” special 


New Plastic Corp., Los Angeles 


Does continuous laminatin: 
Width and thickness of finished ee 3 avail- 
able: Maximum profiles 6” wide x 6” thick 


Olympic Plastics Co., Inc., Los Angeles 
Molding: Vacuum bag and press molding; 
w a, plastic, plaster, aad matched me 

mo 
Number and size of preformers: 1-36"; 1—48” 
Presses: Vases up to platen esse 48” x 60”, 


72” day’ 
Maximum - flat ah - a ee reinforced 


plastics panel: 44” x 


Paralite Mfg. Co., San Diego 
Maximum size of flat or corrugated reinforced 
plastics panel: 34” x 144” 


Specialize — Trepeusent corrugated and flat 
sheets; fibrous glass reinforced 


*Peterson Products, Belmont 


Molding: Spray-up, contact, autoclave, and vac- 
ie das 36 
x 60” daylight and travel 


Plastic Age Sales, Inc., Saugus 
Melting: Vacuum bag molding; plastic, plaster, 
and metal molds 
Number and size of preformers: 1-40” x 40”; 
1—20” x 20” 
Presses: 32-6 x 6” to 72” and 46” x 82” 
platen size, 1” to 10’ daylight 


Polyply Co., San Diego 
Presses: 1—40” x 100”, 18” 
Maximum size of flat or corrugated reinforced 
plastics panel: 86” x 96” 
Reflin Co., San — 
alize in: satstesesd lastic 
Spee ipe and fittings, 12” gp gt - a> 


a Poms & & Plastics Co., 
“3 Sub. of Haveg Industries, Nor- 
wal 


Moldi: vi mol with wood, 
‘lumfoum “aod stet molds 
Resinwood Mfg. Co., Brea 

Molding: S; up, companion, wet layup, pre- 


Presses: iso « ton; 2-100 ton; 1~75 ton; 
1—20 ton; 2—5 ton; 1-4’ x 8’ 
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Rippolite Plastic Products, Inc., Burbank 


Maximum size of flat or co ated reinforced 
plastics ya Fiat, 40” x 12’; corrugated, 
40” x 12’ 


*Sierra Electric Corp., Gardena 


Molding: Matched metal molding and some 
hand layup; steel, aluminum, ter, wood 
and cast plastic molds 

Number size of preformers: 2—24” x 48” 

Presses: From 10” x 10” to 36” x 60” platen; 
6” to 18” daylight 


Summit Industries, Inc., Gardena 


Molding: Steel, aluminum, plastic molds 
Number and size of preformers: 2 
Presses: 6—up to 400 ton 


Swedlow, Inc., Los Angeles 


Molding: Vacuum bag, matched metal dies 

Number and size of preformers: 

Presses: 9—maximum daylight 84”; areas 16” x 
18”/60" =x 130” 

Maximum size of flat or corrugated reinforced 
plastics panel: 60” x 130”; continuous maxi- 
mum width— 


Tetrafluor, Inc., Inglewood 


Molding: Matched die molding a 
Presses: 18” x 18” to 48” x 48”, up to 84 
daylight 


Thompson, H. L, Fiber Glass, Los An- 
geles 
Molding: 
moldin 


Vacuum bag, autoclave, and press 
(From plaster tooling to matched 
metal dies) ; x 

Number and size of preformers: 1 with 4 
diameter turntable 

Presses: 10 ranging | from platen sizes of 11” to 
16” to 52” to tonnage between 20 ton 
and 650 ton, daylight between 3’ and 10’ 


United States Chemical Milling Corp., 
Omohundro Fiberglass Div., Manhat- 
tan Beach 


Molding: Pressure, vacuum bag, and autoclave 
molding; plastic, plaster, and metal molds 

Presses Ly ton, 36” x 51” platen size, 48” 
daylight 170 ton, 48" x Ba" platen size, 

72” Gti che 

Maximum size of flat or corrugated reinforced 
plastics panel: 46” x 85” 


Zenith Plastics Co., Sub. of Minnesota 
Mining & Mfg. Co., Gardena 


Molding: Vacuum bag, contact, vacuum im- 
pregnation, and matched die molding; molds 
of plaster, cast phenolic, aluminum, metal 
spray, and hi- speed steel 

Number and size of preformers: 6— —up to 60” 

Presses: 19—40 to 600 ton, up to 75” x 104” 
platen, up to 324” daylight; winding equip- 
ment (up to 6 dia., 40’ lengths) 

Size of flat laminate sheet: 48” x 150” 


COLORADO 


Chaney Plastic Molding Co., Denver 
Molding: Hand layup 


Sawaya Mfg. Co., Inc., Trinidad 


Molding: Gustom molding, all processes 

Number and size of preformers: Up to 20’ lon 

Maximum size of flat or corrugated reinforce 
plastics panel: 24 x 96 up to 60 x 
inclusive 


CONNECTICUT 


Aries Laboratories, Inc., Stamford 
Molding: 


molds 


Indicates Advertiser 


Vacuum casting, aluminum or steel 
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Fiberglass Products Engineering Co., 
Norwalk 

Molding: S rocess 

Maximum ina Rat or corrugated reinforced 
plastics panel: Compound curvature; sand- 
wich construction 


Joclin Mfg. Co., Wallingford 

Molding: Matched metal molding; hand layup, 
vacuum, transfer 

Maximum size of flat or corrugated reinforced 
plastics panel: 16” x 16” 


ow : one Laminates Co., Inc., Stam- 
or 


Molding: Matched metal molds 
Number and size of preformers: 4 


Rich Plastic Products, Meriden 
Molding: Compression and transfer; steel molds 





U., S. Polymeric Chemicals, Inc., Stam- 
or 


Type of fabrication done: Preimpregnating of 
glass fabrics, reinforcing mats, surfacing mats, 
roving, and asbestos for filament win 


DELAWARE 


Continental Can Co., Inc., Conolite 
Dept., Wilmington 


Width and thickness of finished laminate: 36” 
and 48” wide; 0.005” to 0.125” thick 


Continental-Diamond Fibre Corp., Sub. 
of The Budd Co., Newark 


Molding: Matched metal molds 

Number and size of preformers: 1—30” diameter 

Presses: 1—38 x 72” x » iz light; 1-24” x 
30” x 60” daylight; x 18" x 48” 
daylight 

Maximum size of flat or corrugated reinforced 
plastics panel: 36” x 72” flat sheet 


Hercules Powder Co., Inc., Explosives 
Dept., Wilmington 


Molding: Filament winding of various structures 
and post-molded sheets 


*National Vulcanized Fibre Co., Wil- 


mington 


Molding: Compression molding with matched 
metal molds 
Number and size of preformers: 2—up to 48” 


dia. 

Presses: 1—37% x 37%", 1 & ight 1—38 x 
76”, 10” daylight; 1—1 ft: 31” day- 
light; 1-24 x 60”, A da light; oo 
46” daylight; 1—24 x 34 33%” 
ight 


FLORIDA 


Dimensional Plastics Corp., Hialeah 


Presses: 1—special 20’ x 8’ x 1% opening 
Maximum size of fiz e or corrugated reinforced 
plastics panel: 20’ 8’ 


Fiber Glass Plastic, Inc., Miami 


Molding: Vacuum bag molding; wood and 
fibrous glass-epoxy molds 

Presses: Sonat 

Maximum size of flat or corrugated reinforced 
plastics panel: 53” x 4” 

Continuous eoninetheg: 54” width continuous 
rolls, up to 100’ or more 


Lami-Plast Products Co., Tampa 


Molding: Hand layup vacuum bag, and pressure 
molding; steel, wood, polyester, and epoxy 
molds 

Maximum size of flat or corrugated reinforced 
plastics panel: 4’ x 20’ 


Southern Plastic Products Co., Riviera 
Beach 


Molding: Hand layup and vacuum bag; plastics 
tooling (molds, jigs, dies) 


Valco, Inc., St. Petersburg 


Molding: Flat, decorative, and industrial cor. 
rugated and other shapes produced on meta 


Maximum size of flat or corrugated reinforced 
panel: Panel standard size up tp 


plastics 
4’ x 12’; special sizes on request 


GEORGIA 


Plastic peateate, B Div. of The Woodman 
Co., Inc., 

Molding: wes bag; w metal molds 

Presses: 1-24” x 24”, oe" aa ——_ 

Maximum size of flat’ or 
plastics panel: 24” x oa" 





ILLINOIS 


Bacon & Weber, Chicago 


Molding: Hand layup; low pressure and vac- 
uum laminating 


*General American Transportation C 
Plastics Div., Chicago > 
Molding: Matched metal 


Number and size of preformers: 5 
Presses: From [00 to 1000 ton 


Hawley Products Co., St. Charles 

Molding: Matched metal dies 

Number and size of preformers: 24—36” x 36" 
and 40” x 56” 

Presses: 64—up to 36” x 36” and 40” x 56” 


High Strength Plastics Corp., Chicago 
bésiiing: Hand layup; plaster, wood, epoxy 


mo. 


Molex Products Co., Brookfield 


Molding: Matched metal molds 
Presses: 50 ton to 250 ton; 24” x 24” x 40” 


Multiplastics, Addison 
Molding: Hand layup 


Terox Corp. of pangs Franklin Park 


Molding: Cx itched metal die 
Presses: 3—50 ton, 0" x 40”; 4—500 ton, 48" 





Specialize in: Simulated stone panels 


INDIANA 
Calumet Fiberglass Products Co., Ham- 


mond 


Molding: Contact, vacuum bag, pressure, and 
mate od metal moldings; wood, plaster, and 
steel —ip 

Presses: 2—1, 14” x 20” platen area, 12” ion 
light; 1, $e" x 60” platen area, 12” da 

Maximum size of flat or corrugated rei ye 
plastics panel: 32” x 60” and 36” x 56” 


General Tire & Rubber Co., The, Marion 


Molding: Vacuum bag with wood, plastic, and 
steel molds; plastic and matched metal mold- 
ing; rubber bag and —_ combination mold- 
ing; spray-up moldin: 

Number and size of _~ 5 preforms up 
to vj Rea rotary 

bed area ranging from 14” x 32” 
x daylight opening ranging from 


Maximum _,* of flat or corru ated reinforced 


plastics panel: Flat sheet— 48” x 96”; cor 
rugated sheet—48” x 96” 


Midwestern Industries Corp., Fort Wayne 
Molding: Hand layup; reinforced plastic molds 


Polygon Plastic Co., Walkerton 


Type of machine: Continuous fully automatic 
extrusion- -type equipment 

Specialize in: Seamless glass-reinforced epoxy 
and polyester tubing, rods, and shapes 


(For complete addresses, see Alphabetical Index, p. 1179) 
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atic 


oxy 


Pribble 
Haven 


Molding: Hand 
matched metal mo 
molds 

i 2-18 x 20, 28 in. da fights 2-13 x 

28 in. daylight; 1-30 x 40 in. day- 
light 


Plastics Products, Inc., New 


layup, vacuum bag, and 
g in aluminum or steel 


Rostone Corp., Lafayette 


Molding: Compression and _ transfer 
Presses: 41—5 tom to 1500 ton compression 
presses; 6—10 ton to 75 tom transfer presses 


KANSAS 


Lamicell Engineering, Baxter Springs 


Molding: Matched metal, bag, —. bead layup 
Number and size of preformers: 1-18” x 80” 
double automatic 
: 38-24” platen x 24” stroke, 35” day- 
tot 1—40” x 44” x 61” daylight, 150 ton; 
36” x 86” x 60” daylight, 150 ton 


Plastic Fabricating Co., Inc., Wichita 


Molding: Fibrous glass cloth, mat, premix and 
preform in matched metal molds, vacuum bag, 
open mold, pressure bag, and sprayup systems 

Number and size of eformers: 148" 

Presses: 1—50 x 60, ” daylight; 1-40 x 50, 
36” daylight; 1-386 x 48, 36” daylight; 
1-20 x 30, 18” daylight 


MAINE 
Maine Molding Products, Boothbay Har- 


bor 


Molding: Matched metal molds, wooden molds, 
reinforced polyester molds, and epoxy molds 

Presses: 1-10’ x 11’ platen, 800 ton; 3 22” x 
24” platen, 75 ton 

Maximum size of flat or corrugated reinforced 
plastics panel: Any size up to 10’ x 10’ 


Monmouth Fiberglass Industries, Mon- 
mouth 


Molding: Hand layup on wood molds; press 
molding in matched metal molds, filament 
winding 

Presses: 1—30” x 48” platen, 26” stroke; 1—22” 
x 38” platen, 30” stroke 

Maximum size of flat or corrugated reinforced 
plastics panel: Flat panels to 84” x 120” 


MARYLAND 


Artmor Plastics Corp., Cumberland 
Molding: 


Presses: 1-250 ton, 36 x 36 
4—air cylinder presses, 24 x 


Matched metal 56, Sb” davlig 


daylight; 
30, 20” daylight 


Eljay Corp., Baltimore 


Molding: Vacuum bag and 
wood mold; 


matched 
hand layup 


metal 


Englander Co., Inc., 
Plastics Div., 


Molding: Vacuum bag, pressure; 
forced plastic, and metal molds 

Presse s: 10—up to 5’ x 8’; up to 30” daylight 

Maxir tum size of fat or corrugated reinforced 
plastics panel: 5’ 8’ 


The, 
Baltimore 


Industrial 


wood, rein- 


MASSACHUSETTS 
Atkins & Merill, Inc., Marlboro 


Molding: Hand laminating with plaster, pasties, 
and wood molds; vacuum bag moldin 
Presses: 3—36” x 36”; 


kIndicates Advertiser 


maximum 40” daylight 


Beetle, Carl N., Plastics Corp., Fall River 


Molding: Hand layup, vacuum bag, and matched 
me’ ‘molding; w , plaster, cast epoxy, and 


metal molds 

Presses: 20—from 12” x 12” to 38” x 38”, aver- 
age 36” daylight i ton capacity 

Maximum size of sit i, ~~ reinforced 
plastics panel: 


Blank, Arthur, & Co., Inc., Boston 
Presses: 2—21 x 51; 1-25 x 20; 2—18 x 21 


Clark-Cutler & McDermott Co., Franklin 


Molding: Aluminum pattern plates; compression 
Cn 

Presses: 1—40 x 60, 10 opening, 2% Gapthn, 
5—40 x 40, 10”’ opening, 2” day light 


Douglas Mfg. Corp., Peabody 


Molding: Hand layup in wooden molds; press 
ae om | in matched metal molds; filament 


Peapenes ding 80” x 24” v4 area x 12” stroke; 
1—30” x 48” x 26” stroke 


Firmaline Div., Carl N. Beetle Plastics 
Corp., Fall River 


Molding: Contact, vacuum bag, matched metal, 
premix and compression; cast plastic tooling 

Presses: 5: 1-14” x 21” x 16”; 1-50” x x 
9 daylight; 1-24” x 36” x 3’ daylight 
1—12” x 18” x 30”; 1-12” x 18” x 26” 


Glastronics Div., New Bedford 
Molding: Vacuum bag, open hand lay-up 


Lawrence Adhesive & Chemical Co., Inc., 
Lawrence 


Molding: Various; 


wood, metal, and plastic 
Presses: 1 


McMillan Industrial Corp., Ipswich 


Molding: Vacuum bag molding with plastic or 
metal mo 

Presses: 1-12” x 12” 

Maximum size of flat corrugated reinforced 
plastics panel: 9’ x 


O'Day Mfg. Corp., Fall River 


Molding: Vacuum bag, pressure bag, matched 
metal die, and contact molding; vacuum 
injection 


Plastronic Engineering Co., Marlborough 


Molding: Hand lay-up, vacuum bag molding; 
plastic, metal, and wood molds 

Number and size of preformers: 1—2” 

Presses: 1—20 ton, 16”, 10” x 12” plates 


Polystructures, Inc., Stoneham 


Molding: 
molding 

Presses: 1—24 x 24, 15” daylight 

Maximum size of flat or corrugated reinforced 
plastics panel: 24 x 24 


Contact layup, vacuum bag, press 


Wasco Products, Inc., Cambridge 


Maximum size of flat or corrugated reinforced 
—_- panel: Flat or corrugated 48”, un- 
imited length 

Width and thickness of finished laminate: 72” 
wide x 0.010” to 0.250” 


MICHIGAN 


Ameriplastic Co., Inc., The, Flint 


Molding: Spray-up molding; wood and plaster 
molds 


Brunswick Corp., Defense Products Div., 
Muskegon 


Molding: Vacuum bag, pressure bag, filament 
winding; steel, plastic, and sprayed metal 
molds 

Number god size of preformers: 2—30” 

Presses: 5—30” x 40” to 50” x So", 6—20” x 30” 


REINFORCED PLASTICS PROCESSORS 


Camfield Fibe Plastics, Inc., Div. of 
Dormeyer Sales Corp., Zeeland 


Moldin Compression, vacuum bag, mandrel 
wragped, pny matched metal’ matched 

plastics, wood and cast forms 

Number and ‘at of greformers: — Lon wd 

Presses: 2—65 m, 34 x nis 
8—150 ton, og x . 12 daylight, “I = 
ton, 34 x 54 x ri daylight, 
60 x 100 x 84” daylight 


Duralastic Products Co., Detroit 
Molding: Cc p 4 144 





g; matched metal 


Number and size of preformers: 1—42” 

Presses: 29 ,Presses with beds 14” x 16”, up to 
48” x 72 

Maximum size of flat or corrugated reinforced 
plastics panel: 4° x 6’ 


*Fabricon Products, A Div. 
Eagle-Picher Co., River Rouge 
a 


plas' 
Pres: a 
65” 


of The 


reinforced 


“Up to 42” x 60”, maximum daylight, 


Compression molding, 


General Machine & Tool Works, Walled 
Lake 


Molding: Wood and metal molds, see bag 

Presses: 1—24 x 20 x 18, 1-14 x 14x 

Maximum size of flat or corrugated Sllentes 
plastics panel: 22 x 18 


Grand Haven Plastics Co., Grand Haven 


Molding: Compression, steel molds 

Presses: 2— x 30”, 20” daylight; 2—36" x 
48”, 30” and 48” daylight; 2—48” x 72”, 
60” daylight 


Harstil Industries Co., St. Clair Shores 


Molding: Contact and matched metal molding; 
rolled round and square tubing 


MacDonald Mfg. Co., New Baltimore 
Molding: Rr yn 


Presses: 


Michigan Fiberglass Co., Zeeland 


Molding: Compression molding with matched 
steel molds 

Number and size of preformers: 2—36” and 
48” shuttle type 

Presses: 4—up to 84” x 50” platen area, 65” 
daylight 


Reynolds Plastics, Inc., Walled Lake 


Molding: Low-pressure, hand lay-up, bag, and 
premix molding; wood, metal, and plastic 


: 1-12” x 18” x 11” opening; 1—26” x 
24” x 18” opening 
Maximum size of flat or corrugated reinforced 
plastics panel: 24” x 22” flat panels 


Woodall Industries, Inc., Detroit 


Molding: Premix fiber reinforced; steel matched 
molds 
Presses: 28—up to 1000 ton; platen areas up to 
48” x 72”, daylight up to 54” 
Does continuous laminating 
Width and thickness of finished laminate: 48” x 
9” 


MINNESOTA 


Minnesota Mining & Mfg. Co., 
forced Plastics Div., St. Paul 


Rein- 


Valco Corp., St. Paul 


bekding: Matched die using preforms, matched 
die compression of premix compounds, hand 
layup of fibrous - laminates and glass 
— and resin sprayup of fibrous glass lami- 


ma. and dl of preformers: 1—36” 
Presses: 1—36” 386”, 200 ton, 48” ovis inti 
2—36” x 36”, 150 ton, 36” daylight; 1—24” 

72”, 250 ton, frame press 
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MISSOURI 


Hanley Plastics Co., St. Louis 
Molding: All types 


Regal Plastic Co., Kansas City 
Molding: High-pressure matched metal die mold- 
Num r and size of preformers: 52” 


esses: 1-40” x 50”, platen area; 1—50” stroke, 
70° daylight 


NEBRASKA 


Kerrco, Lincoln 
Molding: Matched metal molding and open 


layup 


Peomest S—up to 35” x 46”, 26” daylight 


Omaha Plastics Co., Omaha 
Molding: Casting with aluminum molds 


NEW HAMPSHIRE 
Kalwall Corp., Manchester 





NEW JERSEY 
American Molded Fiberglass, Paterson 
Molding: Hand layup, m and tched 
metal molding 
Presses: 5 presses (§ *, 2 B hydeenite)i 1—2’ x 
io 2 da light; 2%’ haylight; 
* ¢ thyd.), with 3° daylight; 1-3) 
: He ‘bya 4 daylight 


Firmaline Products, Inc., Midland Park 


Molding: Contact, vacuum bag, matched metal, 
premix and compression; cast plastic tooling 

Presses: 5 om my A x 21” x 16"; 1-50" x 
72° x O' davlight; 1 —24" = 36" x 3 day- 
light; 1—12” z 30”; 1-12” x 18” x 2 


Modular Molding Corp., Burlington 


Molding: Contact layup, vacuum bag, matched 
die molding; plastic, wood, aluminum and 


steel molds 

Presses: 1-18" = 18", 48", 100 ton; 1—@” x 
6”, 18”, 100 ton; 1 continuous rotary press 
50” width, 14” daylight space, 12’ 

Maximum size of flat or corrugated reinforced 
plastics panel: 48” x 144” flat; 42” x 144” 
corrugated 

Width and thickness of finished laminate: Up to 

wide, up to > oo plus various core 

materials up to 12” thi 


Pitman Plastic Products, Inc., Pitman 
Molding: Sprayed metal, and wooden 


plastic, 
molds 


Plastic Laminating Corp., Vauxhall 


Presses: 2—24 = 26; 1-24 x 54; 1-36 x 48 
(8 openings; 2” daylight) 


Winner Mfg. Co., Inc., W. Trenton 


Molding: Matehed die molding; steel and alu- 
a  — 

Presses : me 60” x 66” to 12” x 12”; 
aelight 18 w 77%" 

Size of laminate sheet made: 25%" x 36”; 
36%" = 36%"; 35%" x 36%"; —. x 39%” 


Number aad size of preformers: 


NEW YORK 


American Plastics Corp., New York 


Molding: Preform and premixed molding by 
matched metal steel molds 

Number and size of preformers: 3 

Presses:~ 10—maximum 40” x 76”, 
daylight 84” 


Indicates Advertiser 
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Atlas Plastics, Inc., Buffalo 


Molding: Vacuum bag, contact, matched die, 
breakaway cores 


Presses: 5—up to 100 ton, ” 86” x 48” 
platen area, up to 30” daylig 
um size of flat or - reinforced 
plastics panel: 36” x 48” 


Bo-Mer Mfg. Co., Inc., Auburn 
Molding: Steel molds, com’ 


pression 

Number "4 size « reformers: Hand only 

Presses: 1—50 ton, 18” x 18” x 7”; 3-30 ton, 
10” x rT x 6” 


Creative Molding Co., Brooklyn 


Molding: Resin pulp molding 

Number and size of preformers: Up to 30” x 
40” x 20” 

Presses: To 30” x 40” x 20” 


Du Verre, Inc., Arcade 


a erg and vacuum bag molding on 
, and plaster molds 


en my | Plastics Branch, Fairchild En- 
gine & Airplane Corp., Copiague 


Molding: Vacuum bag, autoclave, matched die, 
filament winding, and premix 


Presses: 10 presses—maximum size 84” x 48” x 
56” dayli t, 250 ton with steam or electric 
platens 


Size of flat laminate sheet: Up to 48” x 84” 


Glasply Corp., Verplanck, N. Y. 


Molding: Vacuum bag, hand layup, sprayup 
and press pating (low pressure) tubing; 
wood, —— aster and steel molds 

Poseayp - 24” daylight; 1-24” x 

6", 80° daylight, 1 36" x 48”, 90” daylight 


Jay Moulding Corp., Cohoes 


Molding: Compression molding; steel er 


Presses: 1—2 x 21”, daylig .. AN —22” x 
22%", daylight 22”; 2-24” >, daylight 
60"; 133" x 24”, ‘daylight 22" to 4 


Lamtex Industries, Inc., Farmingdale, 
N. Y. 


Mahdings Veruam bag and contact molding; 
matched m 


Lunn Laminates, Inc., Huntington Sta- 
tion 


Molding: Contact, vacuum bag, and press mold- 
ing; mandrel wrapping; polyester, epoxy, steel, 
ai aluminum mo 

Number and size ¢ Sa gh 1—36” 

Presses: 1—44” x 66”; 1-36" x 24”, 48"; 
1—24” x 20”, “6, 1 —43” x 28”, 29”; i-49” 
x 55”, 80”; i-42 x 36”, 62” 


Norton Laboratories, Inc., Sub. of Au- 
burn Plastics, Inc., Lockport 


Molding: Compression; hardened steel molds 


Plasti-Skill Co., Long Island City 


Molding: Head layup 


Presses: 1—2 x 60”, 30” daylight 


Riverside Plastics Corp., Hicksville 


>} Press, vacuum bag, oy diffusion mold- 

metal, wood, and p 

ma. i and. o- of 
x 


1-6’ x 2’ 
30—4 


Presses: , maximum daylight, 


Russell Reinforced Plastics Corp., Lin- 
denhurst 


Molding: Airfoil and varying shapes in continu- 
ous woven reinforcement and molding com- 
pound, matched metal! dies, vacuum bag and 
contact laminating 

Presses: 42—ranging in size up to 4 x 9 
platen area, pressure up to 1000 ton, stroke 
48”. daylight to 120” 

Size of flat laminate sheet made: Up to 4’ x 10’ 


Scheidl Mfg. Co., Copiague 


Molding: Vacuum bag and matched metal mold- 
ing; all s of molds 

Presses: 20— fom 12” x 12” to 30” x 36” platen; 
12” to 30” da daylight 


(For complete addresses, see Alphabetical Index, p. 1179) 


Schori Process Corp., Port Washington 


Molding: Contact and hand layup on 
g: oad oie mole 


Ce ae gh Ea 
of flat or co’ A. phe 
50” 2 152". 0 up to %” thick 


Maximum size 


plastics panel: 


Silicone Insulation, Inc., Bronx 

Molding: Matched metal, vacuum bag, wet lay. 
up, autoclave g 

Presses: 12—up to 48” 


Teitelbaum, N., Sons, Inc., New York 

Presses: 1—51 73 platen area, 14” daylight 
space, Ieee 130 era area, 14” daylight 
space 


Virginia Plak Co., New York 


Presses: 2—20 x 24, 10 ex 1—25 x 
10 1-30 x 1 
0 pape LS =O 0 ones 

Wittman, Lawrence, & Co., Copiague 


Matched and vacuum bag 
plastic, 3 = aluminum, plaster, E , 


Presses: 10--Up to 24 x 38; daylight to 4’ 


OHIO 


Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland 

wmald proces Matched 5 liament winding’ centrifugal 
all with 

ee rare se 


Presses: 
36” x 36” platen, da t; 1-4 i 


platen, 80” daylight 


Argo Plastic Products Co., Cleveland 
Molding: Hand layup 


Armored Plastics Co., Div. of Globe- 
Wernicke Industries, Inc., Toledo 
Molding: Fibrous glass mat and Sheoes glass 
preformed parts in a =e molds 
a wr size of preformers: 1—28"; 1-36"; 


Presses: 2. 36” 4’ stroke. ” day- 
: bed 4’ oie 3 84” day- 


light; 2—60” x 42” bed, 
light; ie” x 84” bed, 4’ stroke, 84” day- 
ight 


C.T.L. Div., Studebaker-Packard Corp., 
Cincinnati 
Molding: 


Vacuum bag, 
vwooling, 


compression, 1 cae —— 


um. 
Presses: 4—24” x 16”, 30” daylight; 2-36” x 
80”, 40” daylight; 1-50” x 50” 56” daylight 





Cincinnati Development & Mfg. Co. 
Cincinnati 
"4 Hydraulic pressure; matched metal 


a 1—30 ton; 1—50 ton; 1—60 ton; 1-100 


~ size of flat or corrugated reinforced 
plastics panel: 36” x 48” 


*Cincinnati Milling Machine Co., The, 
Cimastra Div., Cincinnati 
Molding: Matched metal molding using alumi- 


num, steel, and cast steel molds for preform 
and premix molding 


Columbus Moulded Products Corp., Co- 


lumbus 
Molding: Matched metal 


Francis Industries, Pataskala 
Molding: Compression. ay wet layup; ¢%- 
reed rod d tubes 


trusion of reinfo 


Presses: 6—to 50 ton, aa design 


General Electric Co., Laminated Products 
Dept., Coshocton 
Molding: Matched metal molding 


Maximum size of flat or we reinforced 
plastics panel: 36%” x 
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xGeneral Industries Co., —_ Elyria 


ding: Compression and transfer 
a 112—from 11” x 24” to ee x 87”; from 
13” to 90” daylight 


Goodyear Aircraft Corp., Akron 


Molding: Vacuum bag, matched dies, autoclave, 
using plastic or metal dies 

Hembex S and size of preformers: 1-28"; 1-72”; 
1-120” 

Presses: 18—up to 179” x 95” platen; up te 
gt daylig t 

Size of flat laminate sheet made: 15’ x 23’ 


Bel Powe Equipment Corp., Cleve- 
D 
Molding: Hand layup 


*Molded Fiber Glass Body Co., Div. of 
Molded Fiber Glass Cos., Ashtabula 


Molding: Matched metal moldin: 
ember and size of 


*Molded Fiber Glass Co., Div 
Fiber Glass Cos., Ashtabula 
Molding: Matched metal mol 


Number and size o' rmers: 1—48” 4-sta- 
tion rotary; 2—84” table; 1-36” 4-station 


rotary 

Presses: 2 my eh oh 2—54” x 50” x 80”; 
3-42" x 48” x 80” 5—32” x 36” x 42”; 7— 
30” x 30” x 60” ; 2-24" x 30” x 30”. 1— 
20” x 20” x 30” * 


*Molded Fiber Glass Sheet Co., Div. of 
Molded Fiber Glass Cos., Ashtabula 


Molding: Matched metal molding; reinforced flat 
— :~ C7 . 


Comes —60”" x x 42”; 2-40” x 76” x 
2", ‘aS x “8° 4 x 42", 1-56" x 144" x 42” 
— of flat laminate sheet: Maximum size 56” 
x 96” and 48” x 144” 
Type of fabrication: Honeycomb 
with RP surfacings and 
RP sheet 


ls made 
parts from 


Mold-Rite Plastics, Inc., Cambridge 


Molding: Matched metal molds; compression, 
plunger, and transfer 


Plastic Products Corp., Bedford Heights 


Molding: Matched metal die moldin 

Number and size of 7, ae 4—36”" and 48” 
Brenner Shuttle; 54” open type Erie; 54” 
automatic 

Presses: 8—25 to 200 tons; platen from 25” x 
25” to 72” x 60” 


*Premix, Inc., Conneaut 


Molding _ Premix; aluminum and steel 


Tesses 


Structural Fibers, Inc., Chardon 


Molding: Internal pressure 


*Structurlite Plastics Corp., Hebron 


Molding: Glass reinforced plastics (Preforms, 
mat, premix); silicone; matched metal molds 

Number and size of preformers: 2—24” auto- 
matics; 2—30” automatics; 1-72” dia. turn- 
table; 1-30” dia. semi-automatic 

Presses: 18—ranging from 25 to 500 ton capac- 

ity with platen areas from 2’ up to 6’ x 6’; 


j 


daylight space from 24” to 94” 


OKLAHOMA 


Fibercast Co., Sand Springs 


Molding: Centrifugal casting of pipe; compres- 
_sion molding of fittings 


*lndic ates Advertiser 


Number and size of preformers: 55 matched die 
sets 
Presses: 8—24” x 24” x 24” 


Plastic Engineering Co. of Tulsa, Tulsa 
Molding: Hand layup 


OREGON 


Design Industries, Eugene 


Molding: La po presses 

Fremont 2-49" x 

Maximum size A fot or corrugated reinforced 
plastics panel: 50” x 150” flat 


PENNSYLVANIA 


*American Insulator Corp., New Free- 
dom 


-— beeached metal molding and hand lay- 
ember aluminum and wood molds 
Mamba and ro of preformers: 1-36"; 1— 
shuttle-type Brenner 
Presses: 1—40 ton, 48 x 72 platen, 72” day- 
light; 1-80 ton, 48 x 78 platen, 72” day- 


light; 1—100 ton, 48 x 48 en, 108” day- 
ght 


Maximum size of flat or corrugated reinforced 
plastics panel: 36” x 52” 


Atlantic Mfg. Co., Philadelphia 


Molding: Hand eins and vacuum bag 
molding; plaster, wood, and plastic molds 


Chemical Coatings & Engineering Co., 
Inc., Media 


Molding: Vacuum 


Dama Plastics, Inc., Springfield 


Molding: Wood mold with and without vacuum 
. plaster and plastic molds, matched metal 


molds 
Presses: 1—2’ x 6’ x 58” daylight; 1-1’ x 4’ x 
48” daylight 


Fiberglass Boat Co., Somerset 
Molding: hand layup 


Hays Mfg. Co., Erie 
Molding: Comgeasion (flat sheet), 


Maximum size of flat or corruga 
plastics panel: 48” x 96” 


 . 


McClarin Plastics, Hanover 
Molding: Hand layup; reinforced plastics molds 


*Molded Fiber Glass Tray Co., Div. of 
Molded Fiber Glass Cos., Linesville 
Molding: Matched metal in hydraulic presses, 

2000 psi line 
Number oad size A reformers: 3—36” = 


an with 
Ro” x 0", 30” uylight; 6— 6-20" x 
20”, 24” * daylight; 1 24” x 36", 28” daylight 
2-40” , 60” daylight 


*Perry Plastics, Inc., Erie 

Molding: Matched metal molds 

Presses: 14—from 24” x 24” to 48” x 48” 

Maximum size of flat or corrugated reinforced 
plastics panel: 3’ x 4’ 


Prewitt Plastics Co., Clifton Heights 


REINFORCED PLASTICS PROCESSORS 


Sealview Plastics, Inc., W. Conshohocken 
: Matched mold press, contact-vacuum 


Member and 
Presses—2 42 


52” daylight 1-30 
24x oa 48" day 


Specht Plastics, Inc., Somerset 


Muang: Low-pressure laminated sheet nat using 
le tema 


panes = matched metal 
Number and size of preformers: 2—36"; 1-48” 
Presses: ose’ x x 60”, 84” daylight, 100 ton; 1— 
48” x 72”, 84” 30 ton ton; 2-24” x 


24”, 36” da 
x 36” 


1—48” 
x “ye 2, BE de dav t; 1-24 x 28, 
2” daylight; i~ 


Maximum size or corru: 
plastics panel: 24". x 24"; 


Squires Plastics, Inc., Verona 
Molding: Compression and transfer molding 
with steel molds 


Strick Plastics, mags 


Molding: Press Mi 
Size of flat Bh nny made: 4’ x 8’ 


Ultra Plastics, Inc., Philadelphia 


Molding: Voom molding; wood, steel, and 
aluminum 
Number and ro of preformers: 6-24” x 36”; 


several 48” x 72” 
Maximum size of flat emma reinforced 


plastics panel: 72” x 72” corrug 


United Laminations, Inc., Mayfield 
ad 3 ” 
area, seer. —™ - . i-7inun 
area, 36” x 74”, = = 


Warminster Fiberglass Co., 
Pa. 

Moldin: Hand layup, contact, vacuum bag, 
autoclave, premix, and preform mo) 

Number one size of preformers: 1—48” 

Presses: 1—150 ton, x 72” platen area, 60” 
eta 


Maximum size of flat or corrugated reinforced 
plastics panel: 48 x 60 and 36 x 72 


Warminster, 


RHODE ISLAND 


American Boatbuilding Corp., E. Green- 
wic 
Molding: Hand layw 
Does continuous laminating 
“ —e finished laminate: 40’ x 
\ LZ 


TENNESSEE 


National Plastics, Inc., — 
Molding: tated steel 
24”, 34” yas aylight; 


Presses: 2—24” x pe x 
25”, ‘se daylight; 2-31” x 25”, 47” d 


Plastic Industries, Inc., Athens 


Molding: Vacuum bag with wooden molds and 
aluminum molds 


TEXAS 


Hanszen Plastics Co., Dallas 
Molding: Hand and vacuum la 





Molding: Matshes die, autoclave, pression, 

acu ag iding; metal, plastic, 
wood, = 7 molds 

: 1-150 ton, 36” x 48” platen, 54” day- 

i it 100 ton, 24” x 24” ten, 72” day- 

light, i“ ton, 24” x 24” 12” day- 

light; 1-15 ton, 8” x 8” platen, 9%” daylight. 





*Raybestos-Manhattan, Inc., Reinforced 
Bsc Dept., Manheim 


— Snatcl Gongeeesinn, Den, and transfer mold- 


Maximum size of flat or corrugated reinforced 
plastics panel: Flat, 30” x 72” and 40” x 40” 


ps, sprayups, 
and Sapees molding 
Presses: 1—11%" x x 18”, 22” dayli ht; 1— 
16” x 16", D4” voyage 1-6” x 12” I" 
daylight 


Lamco, Inc., Lampasas 
Molding: Vacuum bag and hand layup 
Presses: 1—50 ton 


Lone Star Boat Co., Grand Prairie 


Molding: Opes hand layup in fibrous glass rein- 
forced molds 
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REINFORCED PLASTICS PROCESSORS 


Lone Star Plastics Co., Inc., Fort Worth 


Melding: High and low pressure matched die 
mol molding, and contact layup; all 
ornee molds used 

Presses: 1— 50” x 48” x 18”; 1— ah txt yt 
1-40" x 90" x 14"; 1—i2” x 15” x 18”; 1— 


Maximum size of flat or corrugated reinforced 
plastics panel: 48” x 144” 









































Texstar Plastics, A Div. of The Texstar 
Corp., Fort Worth 


Molding: Hand layup 























Whitehouse Plastics Corp., Fort Worth 
Molding: Open mold hand layup in a reinforced 


fibrous glass mold or metal mold 
Maximum size of flat or corrugated reinf: d 


























Number and size of pre! am i 
Presses: 1—7 oe he (80 tom §-80” 
48” x 72” (125 ton); 2—30" x ‘ers 18” 
(100 ton); 1-60” x 60” x one" (1500. ton) 
Does continuous laminating 


WASHINGTON 
A&B er Div. of Plastic Supply 
Corp., Seattle 
Number and size of preformers: 6—small 


Maximum size of flat or corrugated reinforced 
plastics panel: 48” x 12” hand lay-up method 


Everlite Corp., Seattle 








plastics panel: 26” x 1 


























VERMONT 


Newport Plastics Corp., Newport 


Molding: Low-pressure and high-pressure mold- 
ing with special mold 

Presses: 22 special presses up to 36” x 36” 
platen, 48” daylight; spraying equipment 






























































VIRGINIA 
Universal Moulded Products Corp., Bris- 


tol 


























Molding: Vacuum bag; autoclave on metal 
molds; matched metal molding compounds; 
open ‘layups for room temperature or oven 
cure; convolute winding, filament winding 




















Maxi size of flat or corrugated reinforced 
plastics panel: 42” x 144” 
Does continuous veetnatinn 


Pacific Plastics Co., Seattle 
Molding: Vacuum bag mold with plaster man- 


x 96”, 4’ daylight 1—36” x 36”, 


re 
Presses: 2—48” 
i-36" x 36”, 3’ daylight 


2’ daylight; 
Rainier Piywood Co., 
Maximum size laminate sheet: 48” x 96” 


Specialize in: Phenolic sheet; phenolic overlayed 
plywood 


Tacoma 


WISCONSIN 


Lapcor Plastics, Inc., Manitowoc 


Molding: Matched metal 
Presses: 3—30” x 48” platen, up to 36” daylight 


Lewis, G. B., Co., Watertown 
‘tool see els custons —» J one ot i. and 


and 
pmasteed paste sso produce “s 
Tal oo eee ritoncel ply 

Number and size of preformers: 9 
=< 12—from 50 ton to 500 B 


66” x 96” platen area, S08" daylight” 
stroke 


Maseages Div., Gisholt Machine Co., 
Madiso 


Mol : Gaapiak ajptities of ne 
(and some premix) wi  ———* — w 
molds; lay-up ss m an 


molds 
Member eng. gine of yusfemmen: 2—30” rot: 
; 1—36” single station automatic; 1—2 
single station automatic; 1-36” 
Presses: 10—c 
ton capacity, platen size approximately 8’ x 
+f a daylight on one press runs to 





Portz Plastics & Fibre Company, Mil- 


waukee 


Molding: Hand layup techniques, using wood 
and metal molds 


WYOMING 
Western Specialty 
Cheyenne 


Moldin, = Hy layu ; polyester or epoxy, glass 
for 3 Pp molds and com- 


Mfg. Corporation, 





pression molds 
: 1—30 ton, 30 x 30 platens, 18” day- 


ght 
Specialize in: Molding, machining, and assem- 
bling 











THERMOPLASTIC SHEET FORMERS 











ARIZONA 
*Phoenix Plastics Co., Phoenix 
Number of sheet forming machines: 2 















































CALIFORNIA 
Blackman Plastics, Inc., Escondido 
Number of sheet forming machines: 12 





Type of machine: 6—vacuum; 6—press 








*Calresin Co., Div. of Knudsen Creamery, 
Los Angeles 
Number of sheet forming machines: 1 
Specialize in: Containers 


*Chemtron Fiber Glass Co., El Monte 
Number of sheet forming machines: 4 
Type of machine: pressure, vacuum, etc. 



































*Engineering Plastics Co., Pasadena 
Number of sheet forming machines: 10 
Type of machine: Vacuum, pressure, slip, 

snap back, wrap around 


























Fortin Plastics, Inc., Van Nuys 








*General Plastics Corp., Santa Monica 
Number of sheet forming machines: 
Type of machines: Air and hydraulic; hy- 
draulic up to 72” x 40” 
Specialize in: Mate rials handling and pack- 
aging boxes and trays; industrial custom 
fopming 












































*Operates own tool room 
kx Indicates Advertiser 
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*Hollywood Plastics, Inc., Los Angeles 
Number of sheet forming machines: 22 
Type of magento: Pressure, slip, vacuum, 
snap back, 
Specialize in: } Materials handling boxes, 
trays, industrial cases 


*Marion General Plastics Co., Sub. of 


General Plastics Corp., Long Beach 
Number of sheet forming machines: 


*Pam-Pro Plastics, Menlo Park 
Number of sheet forming machines: 3 
Type of machine: 1—vacuum snap-back; 1— 
vacuum and drape, automatic; 1—vac- 
uum and drape, semi-automatic 


Plastic Model Engineering, Van Nuys 
Number of sheet forming machines: 1 
Type of machine: 18” x 18” drape-vacuum 

forming 
Specialize in: Samples 


Ray Products Co., Inc., Alhambra 
Number of sheet forming machines: 
Type of machine: 1-20 x 50; 1-18 x 18 
with plug assist 


*°Sierra Electric Corp., Gardena 
Number of sheet forming machines: 2 
Type of machine: Pressure, vacuum 

*Swedlow, Inc., Los Angeles 
Specialize im: Acrylic/polyester; 

acrylic, forming and Fabricating 


*Tetrafluor, Inc., Inglewood 
Number of sheet forming machines: 6 
Type of : Pressure 


stretched 


(For complete addresses, see Alphabetical Index, 


*Thermo-Plastic 
Carlos 
Number of sheet forming machines: 4 
Type of machine: 4 stage rotaries; maximum 
sheet size, 52” x 9 
Specialize in: Aircraft, missile, protective 
covers, containers, boxes 


Products, Inc., San 


Urrite Plastics Fabricators, Pico Rivera 
Westech Engineering, Santa Clara 


COLORADO 


*Denver Plastics, Inc., Golden 
Number of sheet forming machines: 3 
Type of machine: Automatic vacuum form; 
slip fo: plug and ring 
Spee & rays, tote i instrument 
panels. . on custom forming 


*Pikes Peak Plastics, Inc., Colorado 
Springs 
Number of sheet forming machines: 11 
Type of machine: Plug and ring forming; 
vacuum forming 


*Sawaya Mfg. Co., Inc., Trinidad 
Number of sheet forming machines: 4 
Type of ha = yt 1-12 : 12; l—twin 24% 

30; 1—Roll 28 x 32; 1-48 x 96 


*Seder Plastic Corp., Ft. Collins 
Rembes of sheet ening machines: | 
Type of machine: Vacuum 
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CONNECTICUT 
"Sealy Plastics Corp., Rockville 


Number of sheet forming machines: 3 
Type of machine: Combination of vacuum, 
pressure, etc. 


*Valley-National Corp., The, Milldale 
Number of sheet forming machines: 8 
Type of machine: Vacuum, pressure, air 
slip, mechanical 
Specialize in: Packaging, displays, housings, 
covers, trays, bubbles, and blisters 


FLORIDA 


*Modern Plastics, Miami 
Number of sheet forming machines: 2 
Type of machine: Pressure, vacuum, hydrau- 
lic ram 
Specialize in: Heavy sheet ABS, acrylic, tote 
boxes, and aircraft parts 


*Southern Plastic Products Co., Riviera 

Beach 

Number of sheet forming machines: 2 

Type of machine: Vacuum, pressure, and 
drape 

Specialize in: Package components (formed 
blisters; skin packages; formed pads; 
and point-of-sales) 


GEORGIA 
*Gladwin Plastics, Inc., Atlanta 


Number of sheet forming machines: 7 

Type of machine: 4—plug and ring; 3 
vacuum, drape, plug and ring 

Specialize in: Lightin cae, a signs, tele- 
phone booths, display cases 


*Plastic Fabricants, Div. of The Wood- 


man Co., Inc., Decatur ; 
Number of sheet forming machines: 2 
Type of machine: Pressure and vacuum 


ILLINOIS 
*Arrem Plastics, Inc., Chica - 


Number of sheet forming mac 

Type of machine: All Gckatecss for deep 
drawing : 

Specialize in: Deep drawing acrylic and 
copolymer sheet 


*Auburn Plastic Engineering, Chicago 
Number of sheet forming machines: 
Type of machine: Vacuum and pressure 
Specialize in: Acrylics, copolymers 


*Bacon & Weber, Chicago 
Number of sheet forming machines: 1 
Type of machine: Plug, vacuum, pressure 
comb.; 42” x 42” 


*Bishop, Robert B., Inc., Chicago 
Number of sheet forming machines: 14 * 
Type of machine: Sheet capacity 54” x 96 
Specialize in: Custom fabrication, preprinted 

displays, packaging blisters, and contract 
forming 


*°Carroll, J. B., Co., Chicago 

Number of sheet forming machines: 3 

Type of machine: Special machine, own 

design 

Specialize in: Signs, displays, industrial parts 
“Consolidated Plastics & Mfg. Co., 
Chicago 
Number of sheet forming machines: 2 
Type of machine: Vacuum forming 


*Continental Plastic Corp., Chicago 


Type of machine: Pressure 


“Cortland Industries, Inc., Chicago 
Number of sheet forming machines: 31 
Type of machine: Specially designed 

pressure and vacuum machines 


*( Gits, J. A., Plastic Corp., Roselle 
Number of sheet forming machines: 6 
Type of machine: Pressure 


*Hamilton Plastics, Inc., Chicago 
Number of sheet forming machines: 2 


*Oner 


ates own tool room 


kIndicates Advertiser 


°I-V Die Mold Co., Peoria 
Number of sheet forming machines: 3 
Type of machine: Drape and/or air slip 
Specialize in: — components, hearing 


aids, 


°Multiplastics ro: 
Number of of sheet agate 3 machines: 2 
Type of machine: 
Specialize in: Three > danenstonel signs and 
figures 


*Plastofilm, Inc., Wheaton 
Number of sheet forming machines: 9 
Type of machine: ure, vacuum, and 
matched, nig> need automatic 
Specialize in: packaging 
components 


*Stensgaard, W. L., & Associates, Inc., 
Chicago 
Number of sheet forming machines: 2 
Type of machine: Vacuum forming 


*°United States Rubber Co., Royalite 
Div., Chicago 
Number of s forming machines: 80 


Waltco Products, Inc., Chicago 
Specialize in: Vacuum fo 


* Wessel, Stanley, & Co., Chicago 
Number of sheet forming machines: 8 
Type of machine: Special 
Specialize in: Point-of-sale displays 


INDIANA 


*Borkland Laboratories, Marion 
Number of sheet forming machines: 10 _ 
Type of machine: ure, vacuum, air slip, 
mechanical form otra, gh — 
Specialize in: Ind toys, pack- 
aging, tubes, tubs, xes, build- 
ing materials, tote basrels trays 


*°General Plastics Corp., Marion 
Number of sheet forming machines: 10 
Type of m All types 
Specialize in: Sheet extrusion and fabricating 

of acrylic, styrene copolymer, and buty- 
rate rigid sheet 


Kent Plastics Corp., Evansville 
Nemhes of sheet forming 
ype of machine: Vacuum formin: 
Se ecialtes in: Refrigerator inner , high 
volume packaging 


*Plast-Ad Mfg. Co. South Bend 
Type of 4—air pressure; 1—vacuum 
forming; 1 mH 
Specialize in: Forming plastic letters, signs, 
displays, etc. 


Sherwood Moulded Plastics, Inc., Con- 
nersville 


Number of sheet forming machines: | 
Type of machine: Vacuum 


IOWA 


Farnham Associates, Des Moines 
Number of sheet forming machines: 2 
Type of machine: Vacuum 
Specialize in: P, components (formed 

blisters, skin . and trays) 


Timely Products Co., Des Moines 


KANSAS 


*Plastic Fabricating Co. Co., Inc., Wichita 
Number of sheet forming machines: 1 
Type of machine: 30 x 36 automatic vac- 
uum former 


LOUISIANA 


*Plastic Suppliers & Mfrs., Baton Rouge 
Number of s forming machines: 3 
Type of machine: Pressure, vacuum 


MARYLAND 


*Artmor Plastics Corp., Cumberland 
Number of sheet forming machines: 5 


Type of machine: Pressure, air slip, vacuum, 


etc. 


THERMOPLASTIC SHEET FORMERS 


Specialize in: Textile mill parts, electrical in- 
sulations, industrial components 
decorator components, and packaging 


*Falge per sheet Corp., Bethesda 
Number of — egming machines: 10 
Type of m Pressure, air, mechanical, 

iw 
Specialize in: Packaging, insulation, forms 
for electric and electronic industries 


°Fawn Plastics Co., Inc., Timonium 
Number of sheet form: orming machines: 3 
Type of machine: 1—air slip; 2—pressure 


*Milmar Plastics, Inc., Hagerstown 
Nasshes of sheet forming machines: 3 
Type of ma e: Pressure 
Specialize in: Se-enatinetion models and 
pilot runs 


°“Wama Co., The, Baltimore 
Number of sheet forming machines: 1 
Type of machine: pressure 
Specialize in: Acrylic forming 


MASSACHUSETTS 


Anawan Plastics & Machine Corp., Fall 

River 

Number of sheet forming machines: 

Type of machine; Air slip; plug us ring- 
type; pressure; vacuum 

Ss in: Custom thermoforming for 
industrial applications and proprietary 
bowling alley equipment 


°Crook, William A., Co., Inc., Watertown 
Number of sheet forming machines: 7 


*Duplicon Co., Inc., Westboro 

Number of sheet forming machines: 10 

Type of machine: ure; vacuum; vacuum 
snap back and pressure combinations; 
semi-automatic 

Specialize in: Industrial housings; materials 
handling trays; machine components; and 
protective covers 


*Gregstrom Corp., Cambridge 
Number of sheet forming machines: 10 
Type of machine: 2— my 1—pressure; 1 
air slip; 6—ring and p' 
Specialize in: Industrial Selections 


*Mercury Plastics Corp., Chicopee 
Number of sheet forming machines: 14 
Type of machine: Pressure, air slip, vacuum 
Specialize in: Tote trays, protective covers, 

machine covers, and cases 


*Monkley Corp., Worcester 
*Pioneer Folding Box, Inc., Chicopee 


Type of machine: Vacuum 

Spoieee in: Point-of-sale display packag- 
ing, decorated displays, thermo-formed 
ustrial items 


*Plastronic Engineering Co., Marlborough 


Number of sheet forming machines: 
Type of machine: Drop-pressure 


Rome Plastic Specialties, Inc., Worcester 
Number of sheet forming machines: 2 
Specialize in: Acetate 


Sharpe Plastics, Inc., Sudbury 


*Wasco Products, Inc., Cambridge 
Number of sheet forming machines: 40 
Type of machine: Plug and ring, and vac- 

uum 


MICHIGAN 


Acme Laminating & Plastics Co., Inc., 
Detroit 


Type of machine: 1-40” x 50”; 3—special 
units 24” x 24” 


Specialize in: Industrial parts, arm rest, 
crash pads, vacuum formed signs 


°Ameriplastic Co., Inc., The, Flint 
Number of sheet forming machines: 3 
Type of machine: 4’ x 8’-10” draw, 4’ x 8’- 
32” draw air presses; 1—vacuum former 
80” x 36” semi-automatic 


**Cadillac Plastic & Chemical Co., De- 
troit 
Number of sheet forming machines: 12 
Type of machine: All types 
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THERMOPLASTIC SHEET FORMERS 


*Capitol Plastics Co., Lansing 
Darling, L. A., Co., Plastic Div., Cold- 
water 


Fabri-Kal Corp., Kalamazoo 
Number of sheet forming machines: 10 
l'ype of machine: Vacuum, pressure, air slip 
mechanical! and plug assist forming, high- 
speed automatics 
Specialize in: Packaging and industrial parts 


°General Machine & Tool Works, Walled 
Lake 
Number of sheet forming machines: 2 
Type of machine: Pressure and air 


*Imperial Industries, Inc., Wayne 
ype of machine: Vacuum "forming, plug and 
ring, pressure forming 


*Klise Mfg. Co., Grand Rapids 


Number of sheet forming mi 

Type of machine: Pressure, air, vacuum 

Specialize in: Materials re ae 
tions, acrylic dome skylights, al 


components 


Plasticles Corp., Detroit 
Type of mac hine: Hydraulic press forming 
with male and female dies (to 72” x 72°) 


*Reynolds Plastics, Inc., Walled Lake 


Number of sheet forming machines: 
Type of machine: Twin table, air ‘ie, 1 


pressure 
Specialize in: Experimental model making 


( prototypes ) 
*Spartan Products, Inc., Madison Heights 


Number of sheet "forming m 
Type of machine: Pressure 
Specialize in; Automotive parts 


*Woodall Industries, Inc., Detroit 
Number of sheet forming machines: 8 
Type of machine: Rotary multi-station high 

speed plug assist; air slip 


*Zenith Plastics of Michigan, Inc., Ypsi- 
lanti 
Number of sheet forming machines: 3 
Type of machine: Vacuum 


MINNESOTA 


*Mankato Paper Box Co., Mankato 
Number of sheet forming machines: 6 
Type of machine: Vacuum pressure 


*North Star Industries, Inc., Minneapolis 
Number of sheet forming machines: 
Type of machine: Vacuum forming 
Specialize in: Blister packages, display signs 


*Plastics, Inc., St. Paul 
Number of sheet forming machines: 14 
Type of machine: re, plug assist, air 


slip, straight vacuum 


*Premier Plastic Mfg. Co., Minneapolis 
Number of sheet ae machines: 
Type of machine: ressure forming ma- 
chine, 3—vacuum {out machines 


*Thunderbird Plastics, Inc., Minneapolis 
Type of machine: 1 vacuum forming ma- 
chine, two beds, 48” x 72”; pressure 
molding machine, 24" x wo 


MISSOURI 
Mills Affiliates, Kansas City 


Number’ of sheet forming machines: 2 
Specialize in: vacuum forming; 
skin and blister packaging 


R. C. Can Co., St. Louis 
Number of sheet forming machines: 7 
Type of machine: Pressure and vacuum 
Specialize in: Containers and closures 


*Regal Plastic Co., Kansas City 
Number of sheet forming machines: 22 
Type of machine: Pressure, slip-forming, 
and blow-back 
Spetialize in: Deep draws, large size intri- 
cate forms, turned-in-edge shells 


*Operates own tool room 


*& Indicates Advertiser 
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NEW JERSEY 


*Atti Engineering Corp., Union 
Number « of La tanning forming machines \ to 


Secialina tan Heavy enon (1/16 to %") 
: ABS, hha pact styrene, vinyl, etc., for 


* Ber-Design Irvin n 
Dene, ey ered ‘ 
Type of machine: Vacuum forming (drape ) 


Colvin-Friedman Co., pe Bost 
Number of sheet f a 
Type of machine: ,— —- mn forming 
Specialize in: Windows, , cable 
clamps, and 





°Efka Plastic Corp., Hoboken 
Number of sheet forming machines: 4 
of Se Vacuum 
Specialize in: Materials for handbag and 
novelty trade 


**Emeloid Co., Inc., The, Hillside 
Gest Semnias 


Number of sheet 
yet women ci Tanning 26” x 90° 


aw Containers, displays, blisters, 


*Madan Plastics, ics, Inc., Cranford 
| of sheet  frming machines 


ype 
Specialize in: 
plays, ind 


, Vacuum 

draws, decorative dis- 

components 

*Palisades Plastics Co., Inc., Englewood 
Seasher of sheet forming machines: 6 


Types of machine: Vacuum, pressure only; 
vacuum and pressure 


*Pantasote Co., The, Passaic 
Number of sheet forming | machines: 2 


Type of : Vacu 
Specialize in ; Vedinging * material 
*Patti-Plastics .» Newark 
Number of sheet forming machines: 5 


*Pitman Plastic Products, Inc., Pitman 
Number of sheet forming machines: 
Type of machine: Vacuum and _ 


*Polytex Corp., Hoboken 
Number of sheet — machines: 4 


machine: Vacuum forming 
Specialize in: Decorative and 3-dimensional 
sheets for the handbag and novelty trade 


*Preservation Packaging, Inc., Hillside 
Number of sheet forming machines: 
Type of machine: Drape and as form- 


Ss lister form- 
ackaetog m angles, handling 
~- We 
S-L-M Plastics, + sali 
Number of sheet forming machines: 9 
Specialize in: Acetate containers 


Sanford Plastics Corp., Matawan 
Number of sheet forming machines: 1 


Springfield (Fabricators, Inc., 4, SPtingfield 
of sheet forming machines 
Tee t machine: , vacuum Baits 
in: Windows, insulators, po 4 
clamps, and electronic components 


NEW YORK 


*A.A.A, Plastic Co., New York 
Number of sheet forming machines: 4 
Type of machine: Straight vacuum; plug and 
ring; drape; etc. 


°A.B.S. Mfg. Co., Inc., New York 
Number of sheet forming machines: 5 
Type of : 4—pressure; 1—vacuum 
and pressure 


*Alda Plastics, Inc., New York 
Number of sheet f orming machines: 


*Amos-Burke Plastics, Syracuse 
Number of sheet forming machines: 3—pro- 
duction 
Type of machines Duitingeh, 7 roll feed ma- 
chines, large parts machines 


* Art Plastics Co., Yoodsids = 
T machine; — S; air s! 
a Displays, artistic oat com- 
mercial; ye - 


Number of sheet ines: 4 vac. 
hs presses, from 4’ x 8’ to 15" 
x 

Specialize in: Dour liners to blister packs 


Chanal Plastics Corp., mp. Rego Park 
a of sheet forming machines: 12 

: Vacuum forming units to 

MAS" 72” and pressure forming to 24” 


*Bo-Mer Mfg. Co., Inc., Auburn 
forming 


*Crystal Plastic, Inc., Brookl 
Number of sheet forming mac 3 
Type : Eo my drawing 
rin 


g . pl 
Specialize in Bifte ceakasing. tote tra 
tote beass, eed 2 


*Custom Merchandise Corp., Brooklyn 
Number of sheet nuns & machines: 
Type of machine: 


Specialize in: Re parts, displays, and 
packaging 
*Dayiite Industries, Brooklyn 
—»-" of sheet forming machines: 8 
machine 


Type of : 4—vacuum forming; 4- 
pressure forming 


**DeWitt Plastics Div., Shoe Form Co, 
Inc., Auburn 
Number of sheet forming machines: 10 


ype machine: 3 vacuum forming ma- 
chines; 7 sli ring ome machines 
pecialize’ in 


lopment prototype 
for industrial app ~ iy as well a 
production runs 


Des Fatt of New York, Inc., New 
or 
Number of sheet forming machines: 5 
Type of machine: 2 vacuum forming; $ 
pressure forming 


a a Formed Products, Inc., New 
or 
Number of sheet forming machines: 21 
Type of machine: Vacuum, pressure, air slip, 
etc. 


°E & T Plastic Mfg. Co., 
island City 
Number of sheet forming machines: 17 
Type of machine: Vacuum forming; air slip 
forming; snapback; dreve; free blowing 


Inc., Long 


*Emerson Plastics Corp., Bronx 
Number of sheet forming machines: 4 
Type of machine: Vacuum — drape 
tonne b ‘orming; 


Specisiins hes Industrial applications 


*Falk Glass & Plastic Co., Inc., Long 
Island Ci 
Number sheet forming machines: 2 
Type of machine: Vacuum 
S in: Letters, signs, store fronts, and 
exhibit displays 


*Gemloid Corp., Long Island City 
*Industrial Sales Engineers, New York 


Number of sheet forming machines: 3 
Type of machine: Ring and plug, drape, 
vacuum 


Specialize in: Custom, industrial, display, 
trays, etc. 





2 k; ¥ 


Industrial Transparent Products Corp., 
Freeport 
Number of sheet forming machines: 
Type of machine: Straight vacuum -- drape 
Specialize in: Clear blisters in cellulose ace- 
tate 


*Jodee Plastics, Inc., Brooklyn 
Number of sheet forming machines: 2 
Type of machines: Low pressure; air slip 


*Just Plastics, Inc., New York 
Number of sheet forming machines: 5 
Type of machine: Vacuum forming 
Specialize in: Using %”-thick or heavier 
sheet; sheet sizes up to and including 
102” x 120” 


*Lee-Hy Plastics, Inc., Buffalo 
Number of sheet forming machines: 3 
Type of machine: Vacuum, automatic 
Specialize in: Blister packaging, box inserts, 
vacuum formed industrial parts 


*Majestic Creations, Inc., Woodside 
Number of sheet forming machines: 5 
of machine: Straight vacuum forming 
drape forming 


and 
ey -~ 2 in: Preprinting plastic and then 


(For complete addresses, see Alphabetical Index, p. 1179) 





ng 


ys, 


4- 


0., 


ow 
lip, 
ng 
slip 


ing 


ape 
ng, 


ng 


pe, 
lay, 


ape 
\ce- 


slip 


vier 
jing 


rts, 


ing 


*Merchandise Presentation, Inc., New 
York 
Member of sheet += 
Type of machine: Snap- 


machines: 8 
ack vacuum form- 


Specitlize in: Acrylic drawer trays and 
housings 


*p.O.P. Displays, Ine., Glendale 
Number of sheet f orming machines 
Type of machine: A Fon oy 80 lbs 
of pressure, 50” x 30” 
*Plastic Artisans, Inc., Port Chester 
Number of sheet forming machines: 12 
Type of ma automatic press- 


ure, hig — 
Specialize in: Packaging and custom parts 


*Plastic Center, Rochester 
Number of sheet forming machines: 1 
Type of machine: Vacuum former 
Specialize in: Samples, models, short runs 


*Plastic Enterprises, College Point 
Number of sheet forming machines: 
Type of machine: Drape forming, a8 form- 
ing, snap back forming 
Spec ialize in: Blisters, to toy parts, merchan- 
dising displays, lighting panels, industrial 
parts, etc. 


Plasticite Corp., New York 


Number of sheet forming machines: 2 


*Plasti-Skill Co., Long Island City 
Number of sheet forming machines: 
Type of machine: Pressure 
Specialize in: Packaging 


*Plasti-Vue, Whitestone 
Number of sheet forming machines: 5 
Specialize in: Vacuum forming of large 
acrylic parts 


*Plaxall, Inc., Long Island City 
Number of sheet forming machines: 20 
Type of machine: Pressure 


"Robinson, Lewis & Rubin, Inc., New 
York 
Number of sheet forming machines: 6 
Type of machine: 2—vacuum formers, 4— 
pressure formers 
Specialize in: Lighting products, industrial 
cases and housings 


Silicone Insulation, Inc., Bronx 
Number of sheet forming machines: 4 
Type of machine: Vacuum forming, drape 
forming, snapback, pressure forming, 
bl lowing 


Specialize in: Industrial applications 


‘Syracuse Plastic Molders, Syracuse 

Number of sheet forming machines: 2 
Type of machine: Drape and vacuum ther- 
moforming; pressure-air slip; snap back 

Specialize in: Blisters, indus parts 


*Techni-Plasties, Inc., Pt. Washington 

Number of sheet forming machines: 

Type of machine: Pressure one plug 
assist, stretch forming, etc. of thermo- 
plastic sheeting 

Specialize in: Sheet forming of acrylic, ABS, 
and styrene 


*Tico Plastics, Inc., New York 
Number of sheet forming machines: 
Type of machine: Vacuum and eS form- 
ing 


l Inited Mask & Novelty Co., Inc., Glen- 
1ic 
“Nu imber of sheet forming machines 
lype of machine: 8—drape, max. 36” i, 48”; 
l ~4 position straight ae 
Specialize in: Custom forming of displays, 
ntainers, toys, novelties, and packaging 


or Unlimited, Inc., Glen Cove 

Number of sheet forming machines: 39 
Type of machine: Vacuum, air, hydraulic 
pressure, drape forming, sli 


» Snap- 
k, and blow back free blown 


NORTH CAROLINA 
Engineered Plastics, Inc., Gibsonville 


‘Fair Martin Boxes, Inc., Concord 
Number of sheet forming machines: 1 

co © Type of machine: Drape 

"Operates own tool 

k Indicates Maver 


: an set-up pockegins tray and 
in 


blister-type cover, creased 
corner sealed acetate lids 


OHIO 
* American Agile Corp., Bedford 
Argo Plastic Products Co., Cleveland 
Specialize in 


: Plastic structures for corrosive 
materials | 


Barron, J. E., Plastics, Inc., Cincinnati 
Number of achines : 
Type of machine: 

pecialize in: Acrylic forming 


*Baxter Co., The, Cincinnati 
Tymbet of sheet ae machines: 


of 
Specialize “in : Industrial 
protectors 


‘sheet forming mi 
Pressure 
—~ +m 
parts, tote trays, 


forming 
machine; Faies an dng tomming ma- 
hine 


ce 
"Mieco Cheated Products Corp., Cleve- 
a 
Number of sheet forming machines 
T: of machine: —. (hot) ‘machine for 
forming i — terial 


s Pve tp chlo- 
— Forming (polyvinyl lo 


*Fabri-Form Co., The, Byesville 
Number of sheet forming machines: 8 
Specialize in: Parts for industrial use 


Hopple Plastics, 1 Inc.. C Cincinnati 
Page: g machines: 
3 none ~ and pressure 


ere: Parts Corp., Toledo 
Number of sheet orming machines: 
Type of machine: Vacuum and 2° assist 


Plastic Products Corp., Bedford Heights 
Number of sheet forming ma 


*Tuff-Clad, Inc., Kent 
Number of sheet forming machines: 1—large 
Type of machine: 4’ x 15’ sheet oven type 
Specialize in: bt sheeting for abrasion 
cones to 1” thick; maximum size—4’ 
x 


*Vacuum Plastics Corp., Columbus 
amber of sheet forming machines: 
so of machine: Vacuum (drape <a requ- 
plug assist 
pecialize in: Industrial and home appliance 


wasn Tool Co., Sub. of Pendleton 
Tool Industries, Inc., Cleveland | 
Number of sheet forming machines 
Type of machine former, “ia s Ta” 

Specialize in: High-impact styrene 


OKLAHOMA 


Plastic Enginee ring Co. of Tulsa, Tulsa 
Number of sheet g machines 
of machine: Press 
: Acrylic skylights 


PENNSYLVANIA 
*Abutco Plastics Industries, Inc., Hazel- 


ton 
T. of machine: Vacuum, 
or . —. a... on e 
rge part 


Member Mfg. Co. Co. adanian 
6 Kee iy - 8 and 
sheet, letters, sign 
‘gn industry 


assist, air 
nt 


Specialize in: Skin and blister packaging 


THERMOPLASTIC SHEET FORMERS 


*Contour Packaging Co., 
Philadelphia 
Number of sheet forming machines: 3 
Type of machi 


Manayunk, 


ine: Pressure and vacuum 


=. : Skin packaging, pressure form- 
, and vacuum forming 


* Curry we Scranton 
Number of sheet forming machines: | 
Type of machine: Pressure 


*Delaware Valley Plastics Co., Phila- 
delph ia 
lumber of sheet forming machines: 3 
— —y machine: Vacuum; air slip 
S in: Small signs, trays, and covers 
up to 36” x 43” 


*Foam Products, Inc., Manchester 
Number of sheet forming machines: 1 
Type of machine: Vacuum drape 


Halsen Mfg. Co., Philadelphia 
McClarin Plastics, Hanover 


*Pearson-Sutton Corp., Newtown, Bucks 
un 
Number of sheet forming machines: 5 
Type of machine: Blanket size 52” x 84” 
“Polymer | Corp. of Pa., 


The, Reading 
Type of machine: Spec 


ial 
Specialize in: Femaaek forming of thermo- 
plastic sheet, strip, plate, tubing 


*Port Erie Plastics, Inc., Erie 
Number of sheet forming machines: 3 


Reinhardt, J. A., Co., Mountain Home 
Type of machine: 2—24” 
— in: Industrial ae -gauge form- 


scum Plastics, Inc., West Consho- 
hocken 
Number of sheet forming machines: 1 
Type of wy Pressure blow 
Specialize in: Skydomes up to 48” x 72” 


*Speck Plastics, Inc., Nazareth 
Number of sheet forming machines: 6 
Type of machine: 5 pneumatic and vacuum 
assist; 1 air slip 


*Thomas, Charles, W., Inc., Philadelphia 
Number of sheet forming machines: 2 
Type of machine: Vacuum forming 


RHODE ISLAND 
*Shaw-Randall Co., Inc., Pawtucket 


Number of sheet forming machines: 8 

Type of machine: Vacuum and pressure 

Specialize in: Packaging made of all rigid 
sheet materials 


TENNESSEE 


Kusan, Inc., Nashville 
Num ber of sheet forming machines: 1 
in: Blister packages 


*Plastic Industries, Inc., Athens 
Number of sheet forming machines: 3 
Type of machine: 1—22” x 52”, 1—40” x 
1—14” x 14” vacuum machines 
in: Blister and skin packs, heat 
forming for special shapes 


TEXAS 
* Amtex Industries, Inc., Dalias 
Type of 


e: Vacuum form; size 24” 


48” 
Specialize in: Model making and small pro- 
duction runs 


*Electro Plastics Corp., Dallas 
Number of sheet forming machines: 4 
Type of machine: 1—vacuum; 1—air slip; 2- 


dra; 
Specialize in: Displays, lighting diffusers, 
and industrial components 


*Lameoo, Inc., Lampasas 
Number of sheet aw al machines: 2 
Type of machine: Vacuum 

Specialize in: Custom work, sporting goods, 
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*Loma Industries, Fort Worth 
Number of sheet forming machines: 2 
Type of machine: Drape; air slip 
Specialize in: Packaging 


*Lone Star Plastics Co., Inc., Fort Worth 
Number of sheet forming machines: 
Type of machine: Vacuum, plunger 
Specialize in: Instrument cases, industrial 
applications 


Plastics Center of Texas, Inc., San An- 
tonio 
Number of sheet forming machines: 2 
Type of machine: Vacuum, pressure 
Specialize in: Signs and displays 


*Texstar Plastics, A Div. of The Texstar 

Corp., Fort Worth 
Number of sheet forming machines: 7 
Type of machine: 5 automatic, complete 
combination; 2 automatic, vacuum ring 
Specialize in: Heavy-gage forming 1/32” to 
Wie _ppaimem size parts tooled for 100” 

x 0” 


VERMONT 
Manchester Molding Co., 
Depot 
Number of sheet forming machines: | 
Type of machine: Air slip 


Manchester 


VIRGINIA 


O'Sullivan Rubber Corp., Winchester 
Number of sheet forming machines: 18 
Type of machine: Vacuum, drape, plug, 

combination plug-pressure 
Specialize in: Katomotive parts, 
industrial use parts 


luggage, 


*Operates own tool room 
k& Indicates Advertiser 


WASHINGTON 


*General Plastics Mfg. Co., Tacoma 
Number of Angg Fo og E es 2 
Specialize windows, par- 

ticularly multi-axially stretched; formed 
acrylic outdoor signs 


Pacific Plastics Co., Seattle 
Number of sheet forming machines: | 
Type of Pressure, vacuum 


machine: 
Specialize in: Vinyl forming 


WEST VIRGINIA 


*Plastics by Hoover, Huntin 
Number of sheet forming machines: 2 
Type of machine: 20” x 20” and 48” x 60” 
vacuum machines 
Specialize in: 3-D displays 


WISCONSIN 


“hagene Research & Development Corp., 
thippewa Falls 
Number of sheet forming machines: 2 
Type of machine: Vacuum forming 
Specialize in: Forming expanded polystyrene 
sheet 


* Bostrom Corp., Milwaukee 
Number of sheet forming machines: | 
Type of machine: Vacuum forming 
Specialize in: Cushion covers, crash pad 
covers, etc. 


*Evans-Zeier Plastic Co., Madison 
Number of sheet forming machines: 1 
Type of machine: 60” x 7 drape vacuum 
machine 


Midland Plastics, Inc., Milwaukee 
Number of sheet forming machines: 3 
Type of machine: 2 vacuum formers; | 

pressure 


*Portage Plastics Co., Inc., Portage 
Number of sheet forming machines: 
Type of machine: Vacuum 


*Premier Plastics Co., Milwaukee 
Number of sheet forming machines: 8 
a. of machine: All types of pressure, dif. 

ferential I procese es 
P 1 parts 


Presco Plastics, Milwaukee 
Number of sheet forming machines: 4 
Type of machine: High pressure 


Tewes Plastics Corp., Waukesha 
Number of sheet forming machines: 4 
Type of m Vacuum-pressure 
Specialize in: Heavy gage plastics 


Trim Molded Products Co., Inc., Burling. 
ton 
Type of machine: 1 drape vacuum former, 
18” x 48”; 1 drape vacuum former, 4?” 
x 72” 


*Western Coil & Electrical Co., Racine 
Type of machine: 1—vacuum forming pres 
15” x 22”; 1—vacuum forming press 22” 





” 
x 


WYOMING 
° Western Specialty Mfg. Corp., Cheyenne 


Number of sheet forming machines: 

Type of machine: Vacuum with plug assists 

Specialize in: Instrument cases, tote boxes, 
advertising specialties, sign parts, dis 
plays, serving trays, and specialty items 


(For complete addresses, see Alphabetical Index, p. 1179) 














Aiphabetical List of 
Manufacturers and Addresses 








A 


A & B Plastics, Div. of Plastic Supply 
Corp., 200 Mercer St., Seattle 9, 


Wash. 

A & O Plastics Co., 1313 Warren Ave., 
Downers Grove, IIl. ; 
A&S Steel Rule Die Corp., 195 Chrystie 

St., New York 2, N. Y. 

AA.A. Plastic Co., 511 Fifth Ave., New 
York 17, N. Y. 

ABA Tool & Die Co., Inc., 1895 Tolland 
Turnpike, Mz anchester, Conn. 

AB.S. Mfg. Co., oa 133 W. 19th St., 
New York 11, _Y. 

AGP Corp., P. O. ,% 818, Peru, Ind. 

AP.M., Inc., 8611 Lincoln, Morton 
Grove, Ill. 

AS.K. Plastic Mig. Co., 13843 N. How- 
ard St., Philadelphia 22, Pa. 

AM.LL.,. 8 bis. rue Cherbuliez, Paris 17, 
France 

aaRBee Plastic Co., 200 E. Beach Ave., 
P. O. Box 4245, Inglewood 4, Calif. 

Abbe Eageeating Co., 420C Lexington 
Ave., New York 17, N. Y. 

tAbbé, Paul O., Tew 257 Center Ave., 
Little Falls, N. J. 

Abbott Machinery Say 117-123 Peter 
St., Union City, N 

Abbott Plastic Machine Corp., 7124 N. 
Clark St., Chicago 26, Il. 

Able Steel Rule rye Co. 65 Bleecker 
St., New York 12 

Abutco Plastics tas he Bh Inc., 270 S. 
Pine St., Hazleton, Pa. 

Acadia Plastics, Inc., 131 Rushmore St., 
New Cassel, N. 

Acadia Synthetic Products, Div. of 
Western Felt Works, 4115 Ogden 
Ave., Chicago 23, Ill. 

Acco Polymers, 59 Kent St., 
22, N. Y. 

Accurate <> —~ 9 27 Co., aan 5 E. 
16th St., New Yo 

Accurate Match Plate Co. x 1847 
W. Carroll Ave., Chicago 12, Til. 

Accurate Molding Corp., 35-20—48th 
Ave., Long Island City 1, N. Y. 

Accurate Steel Rule Die Mfrs., 22 W. 
2ist St., New York 10, N. Y. 

kAce Plastic Co., 91-30 Van Wyck Ex- 
pressway, Jamaica 35, N. Y. 

Ace Plastic Molding Corp., 5-01—47th 
Rd., Long Island City 1, N. Y 

Ace Tool & Mfg. Co., 582 Mulberry St., 
Newark 5, N. J. 

Acetal Molding Co., 111 Ridgedale, Box 
739, Morristown, N. J 

Acheson Dispersed Pigments Co., Unit 
of Acheson Industries, 1617 Penn- 
sylvania Blvd., Philadelphia 3, Pa. 

kAckerman Gould Co., Inc., 10 Neil 
Court, P.O. Box 188, Oceanside, N. Y. 

Ackerman Plastic Molding Div., Con- 
solidated Iron-Steel Mfg. Co., 1290 E. 
53rd St., Cleveland 14, Ohio 
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Brooklyn 


Acme Lantesite & Plastics Co., Inc., 
7207 E ™McNichols St, Detroit 13, 


Mich. 

*Acme Machinery & Mfg. Co., Inc., 500 
Saw Mill River Rd., Yonkers, N. Y. 

Acme Partition Co., 151 Fabyan Pl., 
Newark, N. J. 

Acme Plastic Products Co., Inc., Harvey 
& Doyle Sts., Doylestown, Pa. 

*xAcme Resin Corp., 1401 Circle Ave., 
Forest Park, I 

Acme Ses “hy Co., 1450 W. Randolph 
St., Chicago 7, ill. 

Acor Plasticover Co., Inc., 840 Broad- 
way, New York, N 

Ase Chemica] Podaens Corp., Parker 

Box 280, Long Valley, N Fe 
neat Co., The, 5-13 Morrel 
Elizabeth 4, N. J. 

Action Plastics, Inc., 50 California Ave., 
Paterson 3, N. 4 

Aquat Plastic Products, 309 Findlay 

Cincinnati 14, Ohio 

we 3, United Co., 730 Carroll St., 
Akron 4, Ohio 

*Adco Engineering & Mfg. Co., Inc., 
2133 Lincoln Ave., Chicago 14, ill. 

Adcote Chemicals, Inc., 2401 E. Pratt 
Blvd., Elk Grove, Ill. 

Adel! Plastics, ine., 5208 Eleanora Ave., 
Baltimore 15, Md. 

Adhesive Enginseting, 1411 Industrial 
Rd., San Carlos, C 

Adhesive Products Corp, 1660 Boone 
Ave., New York 60, N. Y. 

Adhesive Products, Inc., The, 520 E. 
Shore Highway, "Albany 10, ’Calif. 

* Admiral Coated Products, Inc., 20 Rail- 

road Ave. Hackensack, N. 7. 

Admiral Roll Leaf, 20 Railroad Ave., 
Hackensack, N. J. 

Adrian Plastics, Inc., 317 W. Maple 
Ave., Adrian, Mich. 

Advance Molded Plastics 7 ., 2601 N. 
Pulaski Rd., Chicago 39 

Advance Process Supply ag 2315 W. 
Huron, Chicago 12, Tl. 

* Advance Solvents & Chemical Div. of 
Carlisle Chemical Works, Inc., 500 
ersey Ave., New Brunswick, N. J. 

Advanced d Casting Corp., 243 ‘Java St., 
Brookl 

Advanced Dynamics, Inc., 16321 Rock- 
side Rd., Cleveland 3 37, Ohio 

Aerojet- General Corp., Structural Plas- 
tics Div., P. O. Box 296, Azusa, Calif. 

Aerojet-General Nucleonics, P. O. Box 
77, San Ramon, Calif. 

Aeroplastics Corp., 4240 Glencoe Ave., 
Venice, Calif. 

Aeroprojects, Inc., West Chester, Pa. 

Aetna Electronics Corp., Readington 
Rd., North Branch, N. J. 

Aetna Plastic Die Corp., 7124 Touhy 
Ave., Chicago 48, IIl. 

Agrashell, inc., 4560 E. 26th St., Los 
Angeles 22, Calif. 

Air Reduction Chemical & Carbide Co., 
Colton Polymers Dept., A Div. of Air 
Reduction Co., Inc., 150 E. 

St., New York 17, N 


Air Reduction Chemical & Carbide Co. 
Organic Chemicals Dept., A Div. of 
Air Reduction Co., Inc., 150 E. 42nd 
St., New York 17, N. Y. 

Air Speed Tool Co, 1502 W. Slauson 
Ave., Los Angeles’ @. Calif, 

Airconductors, 367 E. Alondra Blvd., 
Gardena, Calif. 

Aircraft Specialties Co., Inc., 87 W. 
John St., Hicksville, N. Y. 

Airfix Industries, Ltd., Haldane Place, 
Garrett Lane, London S.W.18, Eng- 


land 
Air-Formed Products Corp., Sub. of 
Bemis Bro. Bag Co., Haines St. Ext., 
Nashua, N. H. 
Airmatic Valve, Inc., 7313 Associate 
Ave., Cleveland 9, Ohio 
* Air-O-Flow Industries, Inc., Div. of 
Durable Industries, Inc., 74 Varick 
St., New York 13, N. Y. 
Air-O-Plastik Corp., 310—17th  St., 
Union City, N. J. 
Airoyal Mfg. Co., The, 1990 Springfield 
Ave., Maplewood, N. 
Airshelters, Inc., First & Oak St., Nicho- 
lasville Ky. 
Akromold, Inc., 102 W. Wilbeth Rd., 
Akron a Ohio 
* Akron Extruders, 
Akron 14, Ohio 
*Akron Presform Mold Co., The, 2038 
Main St., Cuyahoga Falls, Ohio 
Akron Standard Mold Co., The, 1624 
Englewood Ave., Akron 5, Ohio 
Alabama Calcium Products Co., Gantts 
Quarry, Ala. 
Alabaster Plastics Corp., Alabaster, Ala. 
Alan Plastics Corp., 35 Pequit St., Can- 
ton, Mass 
Alax Plastics Sales Co., 2121 Broadway, 
New York 23, N. Y 
South 


Al-Be Industries, 9516 Rayo St., 
Albert, P. E., & Son, 21 Nottingham 


524 Wingerter St., 


Gate, Calif 
Way, Trenton 5, N 

Alcylite Plastics & Chemical Corp., 
23874 N. Pine St., Newhall, Calif. 


Alda Plastics, Inc., 442 Broadway, New 
York 18, N. Y. 


a Pump Co.., 
, Allentown, Pa. 


Pr eine: on 72 Putnam St., Pater- 


The, Foot of Pine 


son 4, 
All Plastics Corp., Field & Main Sts., 
Avon-by- the-Sea, N. J. 


All Purpose Roll Leaf Corp., 87 W. Cen- 
tury Rd., Paramus, N. J. 


Alladin Plastics, Inc., 1415 W. 178th 
St., Gardena, Calif. 


Allegheny Instrument Co., Inc., 1091 
Wills Mountain, Cumberland, Md. 


i” theny Ludlum Steel Corp., 2020 
Oliver Bldg., Pittsburgh 22, Pa. 


Allegheny Plastics, Inc., Rt. 51 & Thorn 
Run Rd., Coraopolis, Pa 


Allen, Alva, Industries, 85 & 13 Junc- 
tion, Clinton, Mo. 
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Allen, Fred, Co., Inc., 13025 Fadeway 
Lane, Houston 45, Texas 
Allen Hollander Co., Inc., 385 Gerard 
Ave., New York 51, N. Y. 
Alliance Mold Co., Inc., 1300 Mt. Read 
Blvd., Rochester 6, N. Y. 
*® Allied Chemical Corp., General Chemi- 
as Div., 40 Rector ‘St., New York 6, 


rallied oo Corp., National Aniline 
Div., 40 Rector St., New York 6, N. Y. 
Allied Chemical Co , National Aniline 
Div., om Co rs, Box 14, Haw- 


thorne 
Allied rs ba oP Corp., Nitrogen Div., 
40 Rector St., New York 6, N. Y. 
Allied Chemical Corp., Plastics Div., 
40 Rector St., New York 6, N. Y. 
* Allied Chemical International, 75 West 
zt | New York ye a ~ 
Allied Engineering uction 
2421 Slodine Ave., Alameda on ke 


Allied Engravers, Inc., % W. Broad- 
way, New York 12, N.Y 
Allied 


Engraving & Stamping Co., 701 
Seneca, Buffalo 10 

Allied Mfg. Co., 2300--25th Ave., S., 
Seattle 44, Wash. 

Allied Nucleonics Corp., P. O. Box 442, 
Alameda, Calif 

Allied Plastic Mold, Inc., 339—10th St., 
Saddle Brook, N. J. 

Allied Plastics Supply Corp., 75 Cliff St., 
New York 38, N. Y. 

Allied Plasti-Lite Enterprises, Inc., 2712- 
18 La Salle St., St. Louis 4, Mo. 

Allied Research Associates, Inc., 43 
Leon St., Boston 15, Mass. 

Allied Resin Products Corp., 216 Milk 
St., Boston 9, Mass. 
ied Resins, Inc., Commerce St., Con- 
neaut, Ohio 

Allis, Louis, Co., The, 427 E. Stewart 
St., Milwaukee 1, Wis. 

Allis-Chalmers Mfg. Co., 1163 S. 70th 
St., Milwaukee, Wis. 

Allison-Campbell Div., American Chain 
& Cable Co., Inc., 929 Connecticut 
Ave., Bridgeport 2, Conn. 

All-Power Mfg. Co. 400 Roosevelt Ave. " 
Montebello, Calif, 

All-Tech Industries, Inc., 350 N.E. 75th 
St., Miami 68, Fla. 

Almac Mfg. Co., 9641 El Poche St., S 
El! Monte, Calif. 
Almac Plastics, Inc., 600 Broadway, 

New York 12, N. Y. 

Almac Plastics of New lene, Inc., 23 
Sussex Ave., Newark 3, 

*Alnor Instrument Co., Bh. ‘of Illinois 
Testing Labs., Inc., "420 N. La Salle, 
Chicago 10, Ill. 

* Alpha ponies & fey Corp., 11 
Jabez Newark 5, 

Alpha Selon Inc., 78 Olas Parkway, 

ivingston, N. 

Alsop E ineering Corp., 1957 Main 
St., Milldale, Conn. 

*Alsteele Engineering Works, Inc., 82 
Herbert St., Framingham, Mass. 

Alsynite Div. of Reichhold Chemicals, 
Inc., 4654 De Soto St., San Diego 9, 
Calif. 

Aluminum Co. of America, 1501 Alcoa 
Blidg., Pittsburgh 19, Pa. 

Alvimar Mfg. Co., Inc., 1881 Park Ave., 
New York 35, N. Y. 

Ambassador Arts, 124 W. 24th St., New 
York 11, N. Y. 

Amcel Co., Inc., Export Affiliate of Cel- 
anese Corp. of Acacia 180 Madison 
Ave., New York 16, N 

Amco Plastics ~ atl ne. 183-02 
Liberty Ave., Jamaica 12, N. Y. 

Amércoat Corp., 4809 Firestone Blvd., 
South Gate, Calif. 


Indicates Advertiser 


1180 


American Aerophysics Comp. Sub. of 

ears Conp. ta Rd., Compton, 

American Agile . P. O, Box 168, 
Corp 


ry 

*American Alcolac Corp., 3440 Fairfield 
Rd., Baltimore 26, Md. 

American Alkyd lndustries, Broad & 
14th St., Carlstadt, N. J. 

American Boatbuilding Corp., Box 259, 
E. Greenwich, R. L. 

American Cellular Corp., The, 8501 
S.W. 129th Terrace, Miami 56, _ 

American Cellular Products, Inc., 
49, New Castle, Del. 

American Combining Corp., 72-36 
Burchell Ave., Arverne, N. Y. 

American _Cyanamid Co., Organic 
Chemicals Div., Dyes Dept., Bound 


Brook, N 

* American yanamid Co., Or ~¥ 
Chemicals Div., Intermediates 
Bound Brook, NJ 

American Cyanami a Pigments Div., 
Bound Brook, N. 

* American Cyanamid Co., Plastics & 
Resins Div., Wallingford, Conn. 

American Durafilm Co., Inc., 2300 
Washington St., Newton Lower Falls 
62, Mass. 

American Edelstaal, ine. ma Broad- 
way, New York 13, 

American Emery Wine! Werks, Water- 
man * East River Sts., Providence 
a ae 

American Engraving & Machine Co., 
Columbus Ave. & Atlas St., P. O. Box 
262, Kenilworth, N. J. 

American Felt Co., Glenville, Conn. 

American Hard Rubber Co., Div. of 
Amerace Corp., Ace Rd., Butler, N. J. 

American Hydrotherm 10-55 
a. Ave., Long City 1, 


American Instrument Co., Inc., 8030 
Georgia Ave., Silver Spring, Md. 

* American Insulator Corp., New Free- 
dom, Pa, 

American Lacquer Solvents Co., Paw- 
lings Rd., Phoenixville, Pa. 

American Latex Products Corp., 3341 
5 Segundo Blvd., Hawthorne, 


American Machine & Metals, Inc., Riehle 
Testin ~ or Division, E. Mo- 
line, Illi 

American Sorri-Let one. 918 Halsey 
St., Brooklyn 33, 

American Metalizing Corp.. 150 Bruck- 
ner Blvd., New York 54, N. Y. 

American Mineral Spints, Mountain 
Ave., Murray Hill, N. J. 

American Molded Fiberglass, 85 Fifth 
Ave., Paterson 4, N. J. 

American Moldin Go, 2002 Davis St., 
San Leandro, 

*American Moldin 
a 703 


— & Chemical 
ord Ave., Brooklyn 6, 


American nS Corp., 16 E. 42nd 
St., New Yor 
American Plasticraft Co. 2027 Williams- 
bridge Rd., New York 61, N. Y. 
American Plastics 2. $42 Madison 
Ave., New York 17, N. Y. 

American Products Mfg. Co., 8127-33 
Oleander St., New Orleans 18, La. 
*American Pulverizer Co., 1249 Mack- 

lind Ave., St. Louis 10, Mo. 
American Pyroxylin Cun. P. O. Box 
193, Arlington, N. J. 
American Reinforced Plastics Co., 851 
E. 60th St., Los Angeles 1, Calif. 
American Resin Corp., 3215 N. Sheffield 
Ave., Chicago 13, til. 
American Rotary Tools Co., Inc., 159 
Gout Neck Road, Great Neck, New 
or 


American Rubber & Plastios Corp., 315 
Brighton, La Porte, Ind. 

a iy Sisalkraft ‘Co., Div. of St 

Regis Paper Co., 55 "Starkey Ave., 
Artleboro, Mass. 

American Thermoplastics Corp., 750 
Union Ave., Union, N. J. 

American Vinyl a. 497 Meserole 
St., Brooklyn 37, 

American Viscose Corp 1 1617 prune 
vania Blvd., Philade 

American-Marietta _ 5400-19¢h 
Ave., S.W., Seattle 4, Wash. 

American-Marietta Co., Adhesive, Resin 
& Chemical Div., 3400—13th Ave, 
S.W., Seattle 4, Wash. 

*American-Marietta Co., Consolidated 
Engravers Div., 311 E. Ce St., P. O. 
Box 1816, Charlotte 1 

Ameriplastic Co., Inc., The. 3181 Torrey 
Rd., Flint 7, Mich. 

Ames, B. C., Co., 131 Lexington St. 
Waltham 54, Mass. 

Ames Plastic Machinery ‘we 65-50 
Austin St., Rego Park 74, Y. 
oco Chemicals Corp., 130 E. Ran- 

., Chicago 1, Ill. 

d Plastics Div., Amos- 
Thompson Corp., 508 S, Kyle St, 
Edinburg, Ind. 

Amos-Burke Plastics, P. O. Box 88, Syra- 
cuse ll, N. Y. 

Amperex Electronic Co. 230 Duffy 
Ave., Hicksville, N. 

Amplast, Inc., 2962 Park Ave., New 
York 51, N. , A 

Aimplex Mfg. Co., 2325-31 Fairmount 
Ave., Philadelphia 30, Pa. 

Amsco "Packaging Machinery, Inc., 31- 
7 Ave., Long Island City 1, 


Amtex Industries, Inc., 1327 Levee St., 
Dallas 7, Texas 
Anawan Plastics & Machine Corp., 994 
Jefferson St., Fall River, Mass. 
*Anchor Plastics Co., Inc., 36-36—36th 
St., Long Island City 6, N. Y. 
— Corp., 72 Gray St., Paterson 3, 


Anderson Die & Mfg Co., 6840 S.W. 
Macadam, Portland 19, Ore, 

*Andover Industries, Inc., Sub. of Erie 
Resistor Corp., Andover, Ohio 


4 a 3575 Touhy Ave., Chicago 
fag pats. Co., 242 Leo St., Dayton 
a io 
Angier Adhesives Dept., Interchemical 
rp. Finishes Div., 120 Potter St., 
Cambridge, Mass. 
Ankerwerk Gebr. Goller, Rennweg 37, 
Niirnberg, West Germany 
*Ankerwerk International-Krauss-Maffei 
International, 1229 E. Wakeham 
Ave., Santa Ana, Calif. U. S. Agency 
for Ankerwerk Gebr. Goller and 
Krauss-Maffei A.C. 
Ansbacher-Siegle Corp., 92 Chestnut 
Ave., Rosebank 5, S. L., N. Y. 
Anson Tools & Gages, Inc., 1504 W. 
12th St., Erie, Pa 
*Antara Chemicals, A Div. of General 
Aniline & Film Corp., 435 Hudson 
St., New York 14, N. Y. 
A-1 Tool & Die Co., Inc., 3126 W. 
North Ave., Melrose Park, TIl. 
*Apex Machine Co., ‘3 18—118th St., 
College Point 56, ‘N.Y 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Washington 
& Elm Sts., Cleveland 6, Ohio 
Apex Tire & Rubber Co., 505 Central 
Ave., Pawtucket, R. I. 
* Appleton Machine Co., Doven Div., 618 
S. Oneida St., Appleton, Wis. 
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tApplication Engineering Corp., 3811 
odlin Dr., Franklin Park, Tit, 

Angled Radiation Corp., 2404 N. Main 

Walnut Creek, Calif. 

Ap vilied Research & Development 
ad 210 E. Columbia, Chippewa 
Falls, Wis. 

Applied Resins Corp., W. Greenbrook 

Rd. 
‘Inc. = 


N. Caldwell, N. J. 

Aquador Plastics, 62—18th St., 
Brooklyn 32, N. Y. 

Arabol Mfg. Co., a 110 E. 42nd St., 





New York 17, N. 


Arbonite Corp., 800 N. Main St., 
Doylestown, Pa. 
Archer- Daniels-Midland Co., 700 In- 


vestors Building, Minneapolis 40, 
Minnesota 


—_ Plastics Corp., 1855 River 
Rd., Eugene, Ore 

*Argenta Products Co., 74-80 Forrest St., 
Jersey City, N. J. 

Argo Plastic Products Co., 1400 W. 10th 
St., Cleveland 13, Ohio 

#Argus Sm Corp. 633 Court St., 
Brookl 


Aries pe Pha _, 225 Greenwich 
Ave., Stamford, Conn. 


Arkell ‘Safety Bag 10 E. 40th St., 
New York 16, 
Arkon Products, 2 hy 95 Prince St., 


Paterson 1, N. J. 
Armco Steel Cor ., 1939 Armco Ave., 
Middletown, Ohio 
Armen, Inc., 8-22 Astoria Blvd., Long 
Island City 2 2, N. Y. 
Armitage, John L., & Co., 245 Thomas 
St., Newark, N. I. 
Armored Plastics Co., 
Wernicke Industries, 


Div. of Globe- 
Inc., Lint & 


Dura Aves., Toledo, Ohio 

Armour & Co., Armour we tw 
tries, 16123 Armour St., , Alli- 
ance, Ohio 

Armstrong Cork Co., W. Liberty, Lan- 
caster, Pa. 


Armstrong Machine Works, 816 Maple 
St., Three Rivers, Mich. 

Armstrong Products Co., P, O. Box 1, 
Warsaw, Ind. 

Amkurt Associate Engineers, 210 W. 
29th Street, New York New 
York 

Amold, Hoffman & Co., Inc., 55 Canal 
St., Providence, R. I. 

Aro Equipment Co., 
Bryan, Ohio 

Arrem Plastics, Inc., 319 N. Albany 
Ave., Chicago 12, Ill. 

Arrow Plastics Corp., 1 Mattimore St., 
Passaic, N, J 

Art Decorating Co., 4201 Hudson Blvd., 
N. Bergen, N. J. 

Art Plastic Mfg. Co., 799 S. Towne 
Ave., Los Angeles 21, Calif. 

Art Pl: astics Co., 37-28—56th St., Wood- 
side, N. Y. 

*Artag Engineering Corp., 2853 Irving 
Park Rd., Chicago 18, Ill. 

toa Metal Products, Inc., 73 Pond 

, Waltham 54, Mass. 

Pad Plastics Corp., 1008 Oldtown 
Rd., Cumberland, Md. 

Arvey Corp., Laminated Materials Div., 
3500 N. Kimball Avenue, Chicago 
18, Illinois 


*Asbestos Corp. of fanpetn, 31 North 
. J. 


1949 Erie Ave., 


Ave., Garwood, 


tAsfalti Bitumi iat e Derivati, Via 
7 Lombardia 31, Rome, Italy 
ssociated Equipment Corp., 209 Pa- 
effi National Bank Bldg., Bellevue, 


Vash. 


_ 
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Associated Rubber & Plastic Corp., 
a Park Ave., New York 15, New 
Yor 

Astor Tool & Die Co., 5-01—47th Rd., 
Long Island ~ 

Atkins & Merril inc., Bartlett St., 
Marlboro, Mass. 

Atkins Saw Div., Borg-Warner Cop, 
= S. Illinois St., Indianapolis 25, 
nd. 

Atlantic Mfg. Co., 9th & Master Sts., 
Philadelphia 22, Pa. 

Atlantic Plastics, Inc., 60 Bonner St., 
Stamford, Conn. 

Atlantic Powdered Metals, Inc., 38 
Park Row, New York 38, N. Y. 

Atlantic Pyrometers, Inc., 190 Warbur- 
ton Ave., Hawthorne, N. J. 

Atlas Chemical Industries, Inc., Wil- 
mington 99, Del. 

Atlas Coatings Corp., 5-35—47th Ave., 
Long Island City 1, N. Y. 

*Atlas Electric Devices Co., 4114 N. 
Ravenswood Ave., Chicago 13, IIl. 
*Atlas Hydraulics Div., Delaware Valley 
Mfg. Co., Inc., 3576 Ruth St., Phila- 

delphia $4, Pa. 

Atlas Mineral Products Co., 151 Ash St., 
Mertztown, Pa. 

Atlas Pasties, Inc., 681 Seneca St., Buf- 
falo 10, , a 

Atlas las Pais, Inc., 115 Routh 46, Little 

seAtlos Vac-Machine Corp., 1782 Hudson 
Ave., Rochester 17, N. Y. 

Atlas-Sandt Con.. 240-42 W. 28rd St., 
New York 11, N 

Atols Tool & wold Corp., 3828 N. 
River Rd., Schiller Park, ill. 

Atti Engineering C te 108—36th St., 
Union City, N. 

* Auburn Plastic Engineering, 4 4914-24 S. 
Loomis Blvd., Chicago 9. 

Auburn Plastics, Inc., 24 ‘i St., 
Auburn, N. Y. 

Augusta Plastics, Inc., 3820 Boston Post 
Rd., New York 69, N. Y. 

Aust & Schiittler u. Co., Graf-Adolf- 
Strasse 81, Diisseldorf, West Ger- 


many 
Austin “Industries, Inc., 183 E. Main St., 
Marlboro, Mass. 


*Auto-Blow Corp., Sub. of National 
Cleveland Corp., 105 Meadow St., 
Fairfield, Conn. 

Automatic Plastic Molding Co. 
Bancroft Way, Berkeley 10, Calif. 
*Automatic Process Control, Inc., 1001 

Morris Ave., Union, N. J. 

Automation Products, Inc., 30830 Max 
Roy St., Houston 24, Texas 

Automold Co., Sub. of Wagner Bros., 
Inc., 2231 ’S. Butler Ave., W. Los 
Angeles 64, Calif. 

*Auto-Vac Co., Div. of National Cleve- 
land Corp., 740 Railroad Ave., 
Bridgeport 6, Conn. 

Avco Mfg. Co., Research & Advanced 
Development Div., 201 Lowell St., 
Wilmington, Mass. 

Avery Label Co., 1616 S. California 
Ave., Monrovia, Calif, 

*AviSun Corp., Post Rd., Marcus Hook, 
Pa, 


Avsco, Inc., 940 Isley Blvd.; Excelsior 
Springs, Mo 
* Axel Plastics Research Laboratories, 41- 


14—29th St., Long Island City 1, 
a A 
B 
B. B. Chemical Co., mt Memorial 


Drive, Cambridge 89, 
B&B Plastics, Inc., 845 Roy St., Oak- 
e, Conn, 


*B & E Electroform Co., Greely Ave., 
Union, N. J. 

B&T Machinery Co., 217 W. 8th St., 
Holland, 

B & F Farag ’ Finishing Co., 1124 
Dodge Ave., Evanston, Ill. 

aay. Chemicals, Ltd., Tat Bank, Old- 

ury, Birmingham, England 

BEF F tte, Ltd., Streetly Works, 

— Coldfield, Warwickshire, Eng- 


—— B. T., Inc., 625 Madison Ave., 
New "York 92, N. Ze 

Babco, Inc., 2947 N. Oakley Ave., Chi- 
cago 18, "Tl. 

Bachmann, W. M., Associates, 2512 
North Shore Dr., Clear Lake, Iowa 

Bacon & Weber, 1121 N. Ashland Ave., 
Chicago 22, Ill. 

Badische Anilin- & Soda-Fabrik AG., 
Ludwigshafen/Rhine, West Germany 
(U. S. Rep.: BASF, 375 Park Ave., 
New York, N. Y.) 

Baird Dynamic Corp., 1700 Stratford 
Ave., Stratford, Conn. 

Baker Bros., Inc., 1000 Post St., Toledo 


10, Ohio 
Baker Castor . Co., The, 40 Avenue 
A, Bayonne, N. J. 
Be: J, T., Chemical Co., Phillipsburg, 
*Baker Perkins (Exports), i Swallow 
St., London W.1, En 
Baker Perkins, Giana Ta Ltd., 39 High 
St., Kingston-on-Thames, Surrey, 
England 
Baker Perkins, 1000 Hess St., 
Saginaw, Mich. 
Baldwin fertraded Products, 12200 
Woodruff Ave., Downey, Calif. 


Inc., 


Baldwin-Lima-Hamilton Cor Indus- 
—— Div., Philadelphia 

*Ball & Jewell, Inc., . 28 Franklin St., 
Brooklyn 22 N. Y 


Balsa Ecuador Lauber a 500 Fifth 
Ave., New York 36, N. 
Bamberger, Claude P., hee. 1 Moun 
Vernon St., Ridgefield Park, N. - 
Bangor Plastics, Inc., Washington St., 
Bangor, Mich 

Barber-Colman Co., Motors and Com- 
ponents Div., P. O. Drawer 99, Rock- 
ford, Ill. 

*Barber-Colman Co., Wheelco Industrial 
Instruments Div., 1300 Rock St., 
Rockford, Ill. 

Barclay Industries, Inc., 420 Lexington 
Ave., New York, N. ¥. 

Barco Mfg. Co., 
Barrington, ill. 

Barker-Davis Machine Co., Inc., 91 
Mechanic St., Leominster, Mass. 

Bar-Lo Vinyl Products, jee 29 Jumel 
Place, New York 32, N. Y. 

Barr Corp., The, . edie Ave., 
Richmond Hill, N 

Barrett Varnish Co., ae S. 50th Ct., 
Cicero 50, Ill. 

Barron, J. E., Plastics, Inc., 100 Barron 
Dr., Cincinnati 15, Ohio 

Barry, B. J., & On oe 62 Worth St., 

New York 138, 

Bost, Mfg. a i rt "Main St., Belle- 
ville 9, 

Basic Plastic Motestass, Inc., Howard 
St., Winchester, N 

Bastian Bros. Co., tn Clinton Ave., 
N., Rochester 1. N. Y. 

*Battenfeld Corp. of America, 959 W. 
Grace St., Chicago 13, Ill. 

*Battenfeld Maschinenfabriken GmbH, 

Techstr. 12, Meinerzhagen/Westf., 
West Germany (U. S. Rep.: Batten- 
feld Corp. of America) 


500 N. Hough St., 
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Baumann, Franz, & Co., 
Zurich, Switzerland 
Baumgartl’s, George K. Engravings, 
149 Belleville Ave., Belleville 9, N. 

Baxter Co., The, 2060 Reading Rd. 
Cincinnati 2, Ohio 

Beacon Die- Mold, a 57 Crooks Ave., 
Clifton, N. J. 

Beacon Plastic & Metal Products, Inc., 
280 Madison Ave., New York 16, 


N. Y. 
1702 N.E. Sandy 


Talstrasse 39, 


Beaman Plastics, 
Blvd., Portland 14, Ore. 

Bean Fiber Glass, Inc., Peterboro St., 
Jaffrey, N. H. 

*Beardsley & Piper, 2424 N. Cicero 
Ave., Chicago 39, Ill. 

Beaver Laboratories, Inc., 187-61 Hollis 
Ave., Hollis 23, N. Y. 

Beazy’s Moldmakers, 8323 W. Fifth, Box 
338, Peru, Ind. 

Becco Chemical Div., 
& Chemical Corp.., 
New York 17, N. Y. 

Beck, Charles, Machine Corp., 66 
Church Rd., King of Prussia, Pa. 

*Becker & Van Hiillen, Untergath 100, 
Krefeld, West Germany (U. S. Rep.: 
Karlton Machinery Corp. i 210 E. Ohio 
St., Chicago 11, 

Beckfield Rotary Vacuum Blower Co., 
72 First Ave., Pittsburgh 22, Pa. 

Beckman Instruments, Inc., Relentilc 
and Process Instruments Div., 2500 
Fullerton Rd., Fullerton, Calif. 

*Becwar Mfg. Corp., 28 Industrial Rd., 
Addison, Il. 

Bedford Products, Inc., P. O. Box 36, 
Roanoke, Va. 

*Bee Chemical Co., 2700 E. 170th St., 
Lansing, Il. 

Beel Engineering Co., 411 Mulberry St., 
Newark 2, N. J. 

Beetle, Carl N., Plastics Corp., 198 Air- 
pe Rd., Fall River, Mass. 

a i Manning Co., Dept., 6142, Troy, 

A 


Beinert, John David, — Lexington 
Ave., New York 17, N. Y. 


Be bom, Berliner Kunststoff- Verarbei- 
a GmbH, Berlin-Mariendorf, West 
Berlin, Germany 

Bel-Art Products, Pequannock, N. J. 

*Belding Corticelli Industries, 1407 
Broadway, New York 18, N. Y. 


ae Corp., 18 Ropes Pl., Newark 


Food Machinery 
161 E. 42nd St., 


Bellows-Valvair Div. of IBEC, 220 W. 
Market St., Akron 9, Ohio 


Belon Chemical Co., Inc., 40 Worthing- 
ton Rd., Cranston 10, R. 1. 


Beltran Associates, Inc., 1133 E. 35th 
St., Brooklyn 10, N. Y. 


Bemis Bro. Bag Co., 


ill N. 4th St., 
Box 69, St. Louis 2, Mo. 


Bendix Corp., The, Pioneer-Central 
Div., Hickory Grove Rd., Davenport, 
lowa 

Bennett-Rosendahl Co., 
Circle, New York 19, 

Bensing Bros. & Aad | OE 
Ink, 750 Third Ave., New York, N. Y. 

Bentek Co., 1253 Atlantic Ave., Brook- 
lyn 16, N. Y. 

Ber-Design Associates, 
Irvington 11, , 
Berdon, Inc., 701 Olympic Blvd., Santa 

Monica, Calif. 


Bergen Mold & En neering Co., 115 


: Columbus 


41 Smith St., 


Route 46, Little 


* Beringer, C. J., Co., 3 5667 Milwau- 
kee Ave., Chicago 46, Ill. 
Berkander, George F., Inc., 891 Broad 
St., Providence A R. L. 


*& Indicates Advertiser 
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Bemelay Engineering & Mfg. Co., 278 
Snyder Ave., Berkeley Heights, "New 
Jersey 

Sane Tool & Die, Inc., Golf St., 
Southbridge, Mass. 

Bernard Plastics Malfing Corp., 38-40 
—10th St., Long Island City 1, New 
York 

Berstorff, Hermann, Maschinenbau 
GmbH, An der Breiten Wiese, P. O. 
Box 388, Hannover, West Germany 

Berthelsen Engineering, P. O. Box 1423, 
Joliet, Il. 

Berton Plastics, Inc., 79 Fifth Ave., New 
York 3, N. Y. 

Beryllium Corp., The, Reading, Pa. 

*Bestwall Gypsum Co., 120 E. Lancaster 
Ave., Ardmore, Pa. 
Bethlehem Steel Co., Bethlehem, Pa. 
Biggs, Carl H., Co., Inc., 1547—14th 
Santa Monica, ‘Calif. 
amacks Mfg. Co., 3114 W. Carroll Ave., 
Chicago 12, ill. 
i 17 W. 60th St., 


ratories, Inc., 

Birbach, L. E.., Associates, Inc., Draco 
Div., 1130 Main St., Boston (Malden) 
48, Mass. 

Birckhead Monomer Molding Co., 5205 
Fairlawn Ave., Baltimore 15, Md. 
Birdair Structures, Inc., 1800 Broad- 

way, Buffalo 12, N. Y. 

Birdsboro Corp., Birdsboro, Pa. 

Bischoff Chemical Corp., Main St., 
Ivoryton, Conn. 

Bishop, Robert B., Inc., 168 N. Clin- 
ton St., Chicago 6, Ill. 

re B., 752 Broadway, New York 
8, N. Y. 

—_ Bees. Co., Inc., 
Ave., Mendota, Il. 
*Black-Clawson Co., The, Dilts Div., 46 
N. Ist St., Fulton, N. Y. 
Black-Clawson Co., The, Hale & Kull- 
gren Plastics Dept., 613 E. Tall- 
madge Ave., Akron 10, Ohio 
Black & Decker Mfg. Co., The, Indus- 
trial Div., E. Pennsylvania Ave., Tow- 
son 4, Md. 
Blackhawk Molding Co., Inc., Commer- 
cial Rd., Addison, Ill. 
Blackman Plastics, Inc., 
trial St., Escondido, C 
Blackwell Plastic Molding Co., Inc., 
5606 Cavanaugh St., Houston 21, 
Texas 
*Blane Corp., The, 
Canton, Mass. 
Blank, Arthur, & Co., Inc., 35 Cumming- 
ton St., Boston 15, Mass. 
Blaw-Knox Co., 300 Sixth Ave., 
burgh 22, Pa. 
Bliss, E. W., Co., 1375 Raff Rd., S. W., 
Canton 10, Ohio 
Blodgett, G. S., Co., Inc., The, 50 Lake- 
side Ave., Burlington, Vt. 
Blodgett Mfg. Co., 780 Lincoln High- 
way, Wayne, Pa. 
Bloomfield Moldin BF Re Co., ‘ee Bloomfield 
Ave., Bloomfiel 
Bloomingdale Rubber Go, Roosevelt & 
Grant Aves. Aberdeen, Md. 
Blossom Mfg. Co., Inc., 2337 McDonald 
Ave., Brooklyn 23, N. Y. 
*Blue, E. B., Co., 651 Connecticut Ave., 
South Norwalk, Conn. 
Blue M Electric Co., 138th & Chatham 
Sts., Blue Island, Ill. 
Blue Water Plastics Co., 315 S. Whiting 
St., St. Clair, Mich. 
Bluebird Plastics, Inc., 12th & Orchard 
Sts., Coshocton, Ohio 
Blum, Paul, >. + os $816 Larkin St., 
Buffalo 10, 


The, 505 Ninth 


ie W. Indus- 


35-45 Pequit St., 


Pitts- 


Bohannon Industries, 702 S. Cascad 
Ave., Colorado Springs, Colo. 

Boice-Crane Co., W. Central Ave, 
Toledo 6, Shi” 

Bolling Industries, Inc., 330 E. Locug 
aan Scranton 5, Pa. 

Stewart, & Co., ine. 3190 £ 
Oe St., Cleveland 27, 

Bolta Products Div., The Coneral Tir 
& Rubber Co., 70 Garden St., Law. 
rence, Mass. 

Bo-Mer Mfg. Co., Inc., 40-42 Washing. 
ton St., Auburn, N. Y. 

BoMyte Co., The, Green St., Silverdale 


Pa. 
Bond Adhesives oe "a Johnston Ave, 
Jersey City 3 
Bondy Engineering Jon, 172 S. Port. 
land Ave., Brooklyn 17, N. Y, 
*Bonnot Co., The, 722 Mulberry Ave, 
Canton 2. Ohio 
Bonny Mfg. Corp., 146 Main St., May. 


nard, Mass. 
17 W. 60th &, 


Bonwitt, Dr, G. L., 
New York 93, N. Y. 

Booker & Wallestad, Inc., 3336 Gorhan 
Ave., Minneapolis 26, Minn. 

Boonton Molding Co., 300 Myrtle Ave, 
Boonton, N. J. 

Boonton Polytechnic Co., P. O. Ba 
125, Boonton, N. J. 

Boots Aircraft Nut Corp., Div. ¢ 
Townsend Co., Newtown Turnpike, 
Norwalk, Conn. 

Bopp-Decker Plastics, 
Birmingham, Mich. 

Borco Chemicals, Inc., 3105 N. Cicen 
Ave., Chicago 41, Ill. 

Borden Chemical Co., The, 350 Mad- 
son Ave., New York 17, N. Y. 

Borkland Laboratories, 803 Quarry Rd, 
Marion, Ind. 

Bortman Plastics Co., 183 Essex &, 
Boston 11, Mass. 

ray Cutting Die Co., 50 Freeport 

Boston 22, Mass. 

m7. Corp., 133 W. Oregon St., Mi- 
waukee 4, Wis 

Boulin Instrument Corp., 10 First &, 
Pelham, , a 

Boyden Plastion Inc., 34 Plastic Ave, 
Taunton, Mass. 

*Brabender, C. W., Instruments, Inc., 9 
E. Wesley St., S. Hackensack, N. J. 

Bradley & Turton, see Caldwall Work, 
Kidderminster. E 

Bradley & sete ae 
born St., Chicago 16, Ill. 

Brady, W. H., Co., 727 W. Glendak 
Ave., Milwaukee ’9, Wis. 

Brand Plastics Co., 8400 Willow Spring 
Rd., Willow Springs, Ill. 

Breadywine Fibre Products Co., 158 
& Poplar, Wilmington 99, Del. 

Branson Instruments, Inc., 37 Brow 
House Rd., Stamford, Conn. 

Branson Ultrasonic Corp., 37 Brow 
House Rd., Stamford, Conn. 

Brenner, I. G., Co., 32 E. North &, 
Newark, Ohio 

Brewster Enterprises, Inc., 20 Greet 
leaf St., Rochester 9, N. Y. 


677 Eton Rd, 


> 


Bricmar Mfg. Corp., 144 Duane 
New York” 13, N., Y. 


— St., 


Brilharit Plastics ci. ., Old Country fe 
Mineola, N. Y. 

Brilmayer, E. W., Laboratories, 
86 Fulton St., New York 38, N. ! 

Briscoe Mfg. Co., 1055 Gibbard A 
Columbus 8, Ohio 

Britel Products, Inc., 102-106 S 
St., Paterson 1, N. J. 





British Machines & Foundry Supplies, 
Ltd., Div. of British Industries Corp., 
80 Shore Rd., Port Washington, New 
Yor! 

British Oxygen Chemicals, Ltd., Bridge- 
water House, Cleveland Row, St. 
James’s, London $.W.1, England 

British Resin Products, Ltd., Devonshire 
poms. Piccadilly, London W. 1, Eng- 
lan 

Brockton Plastics, Inc., 
St., Brockton, Mass. - 

Brook Molding Corp., 80 Industrial 
Way, Norwood, Mass. 

Brookfield Engineering Laboratories, 
Inc., 240 Cushing St., Stoughton, 
Mass. 

Brooklyn Blower & Pipe Corp., 527 
Waverly Ave., Brooklyn, N. Y. 

Brooklyn Plastic Co., Inc, 78 Prince 
St., Brooklyn 1, N. Y. 

Brooks Rotameter Co., 407 W. Vine St., 
Hatfield, Pa. 

Bros, Inc., 1057—10th Ave., S.E., Min- 
neapolis. 14, Minn. 

*Brosites Machine ." 
St., New York 7, 

Brown Co., 150 Bases St., Boston 
14, Mass. 

Brown Machine Co., 110 Pierson St., 
Beaverton, Mich. 

Bruckner Machinery Corp., P. O. Box 
56, Cedar Grove, N. J. 

Brulene Coated Textiles, Inc., 1241-45 
Gates Ave., Brooklyn 21, N. Y. 

Brulin & Co., Inc., 2939 Columbia Ave., 
Indianapolis 7, Ind. 

Brunswick Corp., Defense 
, 1700 Messler St., Muskegon, 
Mich. 

Brush Beryllium Co., The, 5209 Euclid 
Ave., Cleveland 3, Ohio 

Brutier Products Co., Inc., 1615 Pater- 
son Plank Rd., Secaucus, N. J. 

Buckeye Cellulose cn kaon Jackson 
Ave., Memphis 8, 

Buckeye Molding Go 313 S. Srd St., 
Miamisburg, Ohio 

Buckeye Tools Corp., Springboro Pike 
at U.S. 25, Dayton, Ohio 

Buckstaff Co., The, Resilyte Plastic 
Div., 1127 $. Main Street, Oshkosh, 
Wisconsin 

Buflovak Equipment Div., Blaw-Knox 
- ae Fillmore Ave., Buffalo 11, 


31 Monument 


Inc., 50 Church 
» 2 


Products 


Buhler Bros., Uzwil, Switzerland 
Buhler Corp., The, 8925 Wayzata Blvd., 
Minne: apolis, Minn. 
Builders Products, Inc., 
Ave., Manville, N. J. 
Burgess Pigment Co., Sandersville, Ga. 
Burkart, F., Mfg. Co., 4900 N. 2nd St., 
St. Louis 7, Mo. 

Burlington Molding Corp., Belmont Rd., 
Burlington, N. C. 

Burnett, William T., & Co., Inc., 1500 
Bush St., Baltimore 30, Md. 


*Busada Mfg, Corp. 32-21 Downing St., 
Flushing 54, N. Y, 

Buss, Ltd., het Switzerland 

~~ Mz shine Works, Inc., 300 Eighth 

, Holland, Mich. 

eanail T. F., Inc., 56 Rubber Ave., 
N: 1ugatuck, Conn. 

Butterworth, H. W., & Sons Co., Div. 
of Van Norman Industries, Inc., 2381 
Philmont Ave., Bethayres, Pa, 

= > 886 Fourth Ave., New 

ork 16, N 


Byrd Few he ik. 2963 W. 12th St., 


“rie, Pa, 


*Bzura Chemical Co., Inc., Clark St. off 
__ Broadway, Keyport, N. J. 
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C.T.L. Div., Studebaker-Packard Corp., 
1246 Glendale- Milford, P. O. Box 
227, Cincinnati 15, Ohio 

*Cabot Corp., 125 High St., Boston 10, 


Mass. 
Cadet Chemical Corp., Lockport-Olcott 
Rd., Burt 1, N. Y. 
*Cadillac Plastic & Chemical Co., 15111 
Second Ave., Detroit 3, Mich. 


Cady, E. J., & Co., 630 N. Harlem Ave., 
River Forest, tll. 

Calabro Plastics, ag W. Chester Park, 
Upper Darby, P 

Calcium Cubano Co., 520 S. 4th St., 
Quincy, Il. 

Calcon Mfg. Co., Inc., 100 Oakland 
Ave., Washington 1, Pa. 

Calfibe Co., P. . Box 832, Redlands, 
Calif, 

California Chemical Co., Oronite Div., 
200 Bush St., San Francisco 20, Calif. 

Callanan, J. A., Co., 118 S. Clinton St., 
Chicago 6, ll. 

Callery Chemical Co., 9600 Perry High- 
way, Pittsburgh 87, Pa. 

Calmic Engineering Co., Ltd., Crewe 
Hall, Crewe, England 

Calresin Co., Div. of Knudsen Cream- 

ery 4548 Brazil St., Los Angeles 39, 


Calumet Fiberglass Products Co., 5626 
Maywood Ave., Hammond, Ind. 

Cambridge Industries Co., 101 Potter 
St., Cambridge 42, Mass. 

*Cambridge Instrument Co., Inc., 420 
Lexington Ave., New York 17, N. Y. 

Cambridge Panelyte Molded Plastics 
Div., St. Regis Paper Co., Cambridge, 
Ohio 

Cambridge Wire Cloth Co. 
wood Rd., Cambridge, Md. 

Cameron, Inc., 4611 N. Clark St., Chi- 
cago 40, ill 

*Cameron Machine Co., 
Dover, N. J. 

Camfield Fiberglass Plastics, Inc., Div. 
of Dormeyer Sales Corp., N. Centen- 
nial St., Zeeland, Mich. 

Campbell, Harry T., Sons’ Corp., 100 
W. Pennsylvania ‘Ave., Baltimore 4, 
Md. 

*Campbell-Kent, 113 E. Portage Trail, 
Cuyahoga Falls, Ohio 

*Campco, Div. of Chicago Molded Prod- 
ucts Corp., 2717 N. Normandy Ave., 
Chicago 35, Ill. 

Campro Co., The, 3131 Columbus Rd., 
N.E., Canton 1, Ohio 

Canton Containers, Inc., 1101 Ninth 
St., S.E., Canton 7, Ohio 

Capitol Plastics Co., 1122 May. St., 
Lansing, Mich. 

Carbert Mfg. Co., Inc., 143 Sidney St., 
Cambridge 39, Mass. 

Carbic-Hoechst Corp., Pigment ae 
Sheffield St., Mountainside, N. J.U 
Dist. for Farbwerke Hoechst A ‘a. 

Carboline Co., 832 Hanley Industrial Ct., 
St. Louis 17, Mo. 

Carbon Dispersions, Inc., 27 Haynes 
Ave., Newark 12, N. J. 
a eee Co., The, Niagara Falls, 
- 


152 Link- 


Franklin Rd., 


Carthboan Products Corp., 1045 E. 
30th St., Hialeah, Fla. 

Carlon Products Corp., P. O. Box 133, 
Aurora, O 

*Carmer Industries, Inc., 22 N. 26th St., 

Kenilworth, N. RS 

Carolan, K. T., & Co., Inc., 345 Henry 
a Orange, N. J. 


Carolina Industrial Plastics Div., Essex 
yee Corp., 511 Hay St., Mount Airy, 
N 

Carolina Machinery Co., Sub. of Cur- 
lator Corp., 5019 Wiitkteson Blvd., 
Charlotte 1, N. C. 

Carpart Plastics, Inc., Parkdale St., 
Owosso, Mich. 

Carpco Mfg., Inc., 4120 Haines St., 
Jacksonvi je 6, Fla. 

Carpenter, L. E., & Co., 170 N. Main 
St., Wharton, N. J. 

Carpenter Steel Co., The, 187 W. Bern 
St., peotiog, Pa. 

*Carroll, J. B., Co., Carroll & Albany 
Aves., Chicago 12, Til. 

Carroll Products, xine, 150 Marine St., 
Farmingdale, N. Y. 

Carson Tool & Machine Co., 431 S. 
Four Lane Highway, Marietta, Ga. 
Carter Products Co., Inc., 50 Market 
Ave., N.W., Grand Rapids 2, Mich. 
Cartiere Ambrogio Binda S.p.A., Corso 

Porta Romana, 13, Milan, Italy 

Carver Corp., The, 119 Railroad Ave., 

Norwood, Mass 
*Carver, Fred S., Inc., 5 Chatham Rd., 
Summit, J. 

Carwin Co., "The, Stiles Lane, North 
Haven, Conn. 

*Cary Chemicals, Inc., P. O. Box 38, E. 
Brunswick, N. 

Cast Optics Com. 123 Newman St., 
Hackensack, N. J. 

Cast Plastics, 4 "$6 Morris Ave., P. O. 
Box 449, Glen Cove, N. Y. 

Catalin Corp. of America, 1 Park Ave., 
New York 16, N. Y. 

Cee-Jay Extruders, Inc.. 29 Denton 
Ave., New Hyde Park, N. Y. 

Celanese Chemicals Co., Div. of Cela- 
nese Corp. of America, 180 Madison 
Ave., New York 16, N. Y. 

Celanese Fibers Co., Div. of Celanese 
Corp. of America, P. O. Box 1144, 
Charlotte 1, N. C. 

Celanese Plastics Co., Div. of Celanese 
Corp. of America, 744 Broad St., 
Newark 2, N. J. 

Celanese Plastics Co., Royal Container 
Div., 744 Broad St., Newark 2, N. J. 

* Celanese Polymer Co., Div. of Celanese 
Corp. of America, 744 Broad St., 
Newark 2, N. J. 

Celi Compagnia Elettromeccanica Itali- 
ana S.r.J., Via Marco de Marchi, 2, 
Milan, Italy 

Celluplastic Corp., 24 Commerce St., 
Newark 2, N. J. 

Celuplex Co., Inc., 176 Hope St., 
Brooklyn il, N. Y. 

Central Die Casting & Mfg. Co., 2985 
W. 47th St., Chicago 32, Ill. 

Central Scientific Co., 1700 Irving Park 
Rd., Chicago 13, Ill. 

Central Screw Co., 3501 S. Shields Ave., 
Chicago 9, Ill. 

Century Dispersions, Inc., 14324 Bir- 

weet ik , Detroit 38, Mich. 

Century vinats Co., Sawyer Passway, 
Fitchburg, Mass. 

Century Plastics, Inc., 441 S. Range 
Line Rd., Carmel, Ind. 

Cus Plastics Co., 1178 Reco St., 

restwood, St. Louis 26, Mo. 

Cerramoplastic Molders, Inc., IL11 
Ridgedale, Box 739, Morristown, N. J. 

*Cerro Sales Corp., Sub. of Cerro Corp., 
300 Park Ave., New York 22, N. Y. 

Chaffee, Ralph, & Co., 2360 Market St., 

San Francisco 14, Calif. 


Chain Belt Co., 4701 W. Greenfield 
Ave., Milwaukee 1, Wis. 


a ion Molded Plastics, Inc., 321 N. 
and St., Bryan, Ohio 


Chamrlan-Zaat Plastics Machinery, 
, Harrison Ave., Roseland, N. J. 
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Fastien Corp, 638-20 Austin St., 
a hy 
Plastic ‘ssoldia Coe 4200 


—~ —h~ apna A = 
Wo Ltd., 
ear Be x Island City 


1, N. Y. 
Chase Bag Co., 355 Lexington Ave., 
New York 17, N. Y. 
Chemical oe 3527 Smallman 
St., Pittsburgh 1, Pa. 
Blanchard 


Chatelain Plastics, g. 
St., Findlay, Rag 
Chemical Coatings & Engineering Co., 
Inc., Brooke St., Media, Pa. 
Development Corp., Endicott, 
Danvers, M 
ey & “En ae 
O. Box 225, 

Chcminal eet Unit of E. F. Van 
Winkle Co., 557 E. Walnut St., 
Pasa Calif. 

* Chemical bedoste Corp., 102, King 


Philip Rd., E. Providence 14, R. I. 
Chemicraft Co "y 351 W. 35th St., 


New Lag a, 
1044 E. Ist St., Day- 


Werke Hiils, A.G., Marl 
Recklinghausen), West Ger- 
Chemold. Co 


1619—20th St., Santa 
— Cie 


Corp., . Broadway, New 
York, mm Ue ee . Rep. for Monte- 


catini Soc. 
1148 Harrison Ave., 


ton 2, Ohio. 
(Kreis 


Cm lasco, Inc., 
Box 4, ‘Station B, Cincinnati 
22, Ohio 
Chem-Trend, 4880 US 23, Brighton, 
ch. 
Chemtron Fiber Glass Co., 2616 Stro- 
zier Ave., El] Monte, Calif. 
*Chicago Mold Engineerin Inc., 
4141 Washington Blvd., id, 
ee ‘0 aos Prodacts Corp 
olmar Ave., Chicago 51, 1 ad 
ama Plastic Products Co., Inc., 210 
W. Evergreen St., Chicago 10, i. 
Chicago Pneumatic Tool Co., 8 E. 44th 
St., New York 17, N. Y. 
Chicago Price Tag Mfg. oe * Ww. 
Chicago Ave., cago 57 
Chicago Screw Co., The, Div. Stand- 
Screw Co., 2701 Washington 
Bivd., Bellwood, Tl. 
Chicago Wheel & Mis, Co., 1101 W. 
Monroe St., Chicago 7 
Chicago Wood & Plastic Produste, 4201 
Irving Park Blvd., Chicago 41, IL. 
Chiksan Co., 330 N. Pomona Ave., 
Brea, Calif. 
Chili Plastics, ine. 2278 West Side Dr., 
N. Chili, N.Y 
goers Plastics Co., Div. of Rexall 
Drug & Chemical Co., 1701 First 
y Chippewa Falls, Wis. 


Chromsloz, Inc., 7506 Thomas Blvd., 
Pittsburgh 8 8, Pa. 

*Chromium Corp. of America, 346 Hunt- 
ingdon Ave., Box 1229, Waterbury 
20, Conn. 

Chrom-O-Lite Co., The, 2701 E. 78th 
St., Minneapolis 23, ‘Minn. 
Church Cc. F., Div. of American- 
Standard, Montgomery St., Holyoke, 
ass 

*CIBA Co., Inc., Pigments Div., Indus- 

trial Park, Fair Lawn, N. J. 


Fair Lawn, N 


Cincinnati Dovelaguent & Mfg. 
- a tenes St., Cieinnal 
» Ohio 


x Indicates Advertiser 
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*Cincinnati Milling Machine Co., The, 
Gunton Ker., 4701 Marburg Ave., 
Cincinnati Milling Machine Co., The, 
mere Div. 3) on Marburg Ave., 
Cincinnati Milling Machine Co., The, 
oe Div., 4701 Mar- 

ae Ave., Cincinnati ti 9, Ohio 
Cincinnati Milling Machine Co., The, 
Mi Machine Div., 4701 Marburg 


*Claremon Bi t Dispersion Co 
t AA spersion Tp., 
39 7 rn Rd., Roslyn Heights, 


Gain Faties Co., 200 Wright 
St., Newark 5, N. J. 
Clark Aiken Aiken Co., The, Water St., Lee, 


Clark Gutler & McDermott Co., Fisher 


St., Franklin, Mass. 
Clark-Schwebel Fiber Glass Corp 50 50 
7? kefeller Plaza, New Yo 


Classic Studio, si a R.D. 3, Hope- 
well Junction, 
Clear View Plastics aN + agg Hill- 
crest Park, Poplar Bluff, M 
Clearfloat, Inc., Mechanic = Attle- 
U. S. Industries, pe 


boro, Mass 
Clearing Div., 

6499 W. 65th St., Chicago 38, Til. 
Clemson Bros., Inc., Middletown, N. Y. 
Cleveland Mixer Co., Cannon at Aurora 

Rd., Bedford Heights, Cleveland, 


Ohio 
Cleveland Process Corp., 1773 E. 21st 
St., Cleveland 3, 2 
Cleveland Vibrator The, 2828 
Clinton Ave., Chevelond 13, Ohio 
*Clifton Hydraulic Press Co. 
wood Rd., Clifton, N. J. 
Clinton Co., The, 1210 Elston Ave., 
Chicago 22, Ill. 
Ciyten Corn Processing Co., P. O. Box 
340, Clinton, Iowa 
Clopay Corp. , Clopay Sq., Cincinnati 
Coast Mfg. & Supply Co. Box 71, 
Livermore, Cali 
Coating Products, Ine. pve W. Forest 
Ave., Englewood, N 
Cohan Epner Co., Ine. "149 W. 14th 
St., New York 11, N 
Colab Resin Corp., Main St., Tewks- 
, Mass. 
Colburn Laboratories, Inc., 4340 S. 
Wolcott St., Chicago 9 9, il. 

Collins, Caldwell & Dague, Inc., 16616 
S. Garfield Ave., Paramount, Calif. 
Collway Pigments, A Div. of General 
Aniline & Film Corp., 435 Hudson 

St., New York 14, N. Y. 
*Colonial Kolonite Co., 2232 W. Armi- 
tage Ave., Chicago 47, Til. 
Colonial Plastics Mfg. Co., 2685 E. 
79th St., Cleve 4, Ohio 
Colora Printing Inks, Inc., S - ioe 
Ave., Long Island "City, N 
*Colorite Industrial Dyan me th 
, New York 18, N. Y. ~ 
Pin Plastics, Inc., 30 Hunting- 
ton Ave., Boston 16, Mass. 
Colton, Arthur, Co Div. of Snyder 
Com. 3 3400 E. Lafayette St., Detroit 


" All- 


bia, S. C. 
Columbia Slitting &. a 230 E. 9th 
St., New York 3, N 
Columbian 


Carbon to. 380 Madison & 


New York 17, N. Y. 
olka Coated Fabrics Corp., 7th 
& Grant Aves. -——~ 16, "Ohio 
Wy Moulded Products 

P. O. Box 5473, Columbus 19, 

Colvin- Friedman Co.. om Morris Tum 
bik, Spring ons, Sine. 4616 W, 

20th St., Chicago 50, Ill. 
*Comet Industries, Inc., 9865 Franklin 


Ave., Franklin Park, Il. 
Comet “4 Co., 30 First St, 


Commander Mig. Co. 4225 W. Kinzie 


St., Chica 
Commercial i, tf - Inc., 650 S. Colum. 
bus Ave., Mt. Vernon, N. Y 
Commercial sre 


630 a Me New Yor 
Commercial Resins Corp., wee bea 
Ave., St. Paul 2, Minn. 
Commercial Solvents S 260 Madi 
son Ave., New York, N. Y 
Commonweelth Plastics Corp. 98 
Adams St., Leominster, Mass. 
Como Plastics, Inc., 2455 National Rd, 
Columbus, Ind. 
Compo Chemical o>. — 125 Roberts 
Rd., Waltham 54, Mass. 
Component Mfg. Service, Inc., 1 Com 
ponent Park, W. Bridgewater, Mass. 
Composition Materials Co., Inc., 25 W. 
43rd St., New York 36, N. Y. 
om, Inc., 184 E. Union, Allegany, 


*Conapac Corp., 120 E. 13th St., New 
York 3, N. Y. 
Conax Cor, 2300 Walden Ave., Bul- 
falo 25, N. Y. 
ecamme Matrix Corp., 830 New 
York Ave., Toledo 11, Ohio 
Conn-Craft Co., a Fairlawn Ave, 
Waterbury 5, Co 
*Conneaut Rubber & S Plastics Co., Com 
merce St., Conneaut, Ohio 
Connecticut Hard Rubber Co., 407 East 
St., New Haven 9, Conn. 
*Connecticut Plastic Products Co., 7 
W. Liberty St., Waterbury 20, Com. 
Consolidated Baling Machine Co., 406 
L Third Ave., Brooklyn 15, N. ¥. 
ethene Engravers Div., America 
Marietta Co., 311 E. 12th St., P. 0. 
Box 1816, Charlotte 1, N. C. 
*Consolidated Molded Products Corp, 
329 Cherry St., Scranton 2, Pa. 
Consolidated Plastic Sales Co., P. 0. 
Box 3038, St. Louis 23, Mo. 
Consolidated Plastics & Mfg. Co., 413 
W. Chicago Ave., Chicago 10, tL 
*Consolidated Vacuum Corp., 1775 Mt 
Read Blvd., Rochester 3, N. Y. 
Consoweld Co: ew a Hooker St., Wit 
consin Rap’ 
Continental Can aml Inc., Conolite 
Wikeiassen 90, Governor Printz Blvd, 


Continental pa 2 30 Prince 
St., Brooklyn 1, 


es 6 & 2 2 


Pee ae a ek 





berts 
Com- 
Mass. 


we 
= 


ERR Fe FE 


of BE 


~~ oe 
eo § 5 


B°e te F EPs 


Continental papentaten, Inc., 94 Bell St., 


Orange, N 
rw. Y Inc., 261 


Continental 
Broadwa a New 1 Y 

Continen 1270 Avcove of 
the Americas, Now York 20, N. Y. 

Continental Plastic Corp., 3934 W. 
Lake St., Chicago 12, 

Continental Plastics of Oklahoma, 1° 
ar 48th St., Oklahoma City 5 


Okla. 

Continental Screw Co.,.459 hug, Pleas- 
ant St., New 

Continental-Diamond Fibre Corp., Sub. 
of The Budd Co., Newark, Del. 

*Contour Extrusion’ Co., bie Fayette 
Ave., Mamaroneck, N. 

Contour Packaging Co., 3061 Main St., 
Manayunk, Phi delphia 27 27, Pa. 

Contour Plastic Molding, Inc., 322 W. 
59% St., Minneapolis 19, Minn 

Convoy, Inc., Navarre Rd., S.W., 
Canton 6, Ohio 

Cook, Lawrence H., Inc., 65 Massasoit 
Ave., E. Providence 14, R. I. 

Cook Paint & Varnish Co., P. O. Box 
389, Kansas City 41, Mo. 

*Cooke Color & Chemical Co., Route S- 
94, ay N. J. 

Cooper, D. C., Co., 1467 S. Michigan 
Ave., Chicago 5, il. 

Co- Polymer Chemicals, Inc., 12350 
Merriman, Livonia, Mich. 

Cordo Chemical Corp., 34 Smith St., 
Norwalk, Conn. 

Corn Products Sales Co. Div., Corn 
Products Co., 10 E. 56th St., New 
York 22, N. y. 

Cornell Machine Co., 99 Wall St., New 
York 5, N. Y. 

Corroplast, Inc., 100 Dayton Ave., Pas- 
saic, } a 

Cortland Industries, Inc., 4543 W. Cort- 
land St., Chicago 39, i. 

sia Petroleum Corp., Big Spring, 

Texas 

Cosmo Plastics Co., 3239 W. 14th St., 
Cleveland 9, Ohio 

*Cosmos Electronic Machine “7 ., 656 
Broadway, New York 12, N. 

*Cosom Co 6030 teu” Blvd., 
Minnea oan 16, Minn. 

Cotton, Cy B., & Co. Inc., 114 Forrest 
St., Brooklyn 6, N. Y. 

Couroc of ‘Monterey, Box 310, Monte- 


Via Fontana No. 5, 

Milan, Italy 

Cowan Plastic Products Com., 50 Alep- 
po St., Providence 9, R. I 

Cox Plastics Corp., 162 Colgate Ave., 
Buffalo 20, N. Y. 

Coz Chemical Corp., Providence Rd., 
Northbridge, Mass. 

*Cozzone Mz arking Co., 18 Nuttman St., 
Newark, N. J. 

Craft Plastic Molding, 9919 Franklin, 


Franklin Park 
6400 Oakton St., 


Crane Packing Co., 
*Crane Plastics, Inc., 2141 Fairwood 


Morton Grove, Til. 
Ave., Columbus 7, Ohio 

*Cratex. Mfg. Co., Inc. 1600-2 Rollins 
Rd., Burlingame, Calif. 

Crawford Fitting Co., 884 E. 140th St., 
Cleveland 10, Ohio 

Crawford & Russell, Inc., 7 Market St., 
Stamford, Conn. 

Creative Molding Co., 
Place, Brooklyn 16, 

Creative Ornament a Corp., 
se W. 39th St., New York 18, 


a Prospect 


Cute Plastics oo 87 Center St., 
Chatham, N. Y 


Crescent Bronze Powder Co., 116 W. 
Illinois St., Chicago 10, Il. 
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Crescent Plastics, Inc., 955 Diamond 
vansville 


42nd St., New York 17, NY 
Cromwell Paper Co., 180 N. Yivabesh 
Ave., Chicago 1, 
k, William A. Co., me. 3 36 Pleas- 
ant St., Watertown 72, M 
Crowl Chemical Corp., 11667 McBean 
i pape 
gineering 
Hill St., Harrison, N. J . 
Crown Machine & Tool Co., 2800 W. 
Lancaster St., Fort Worth 7, Texas 
Crown Machinery, Inc., 2721 S$. San 
Pedro St., Los An les 11, = 
Crown Plastic Cup , 2800 W . Lan- 
caster Ave., Fort Worth vs Texas 
Crown Zellerbach Corp. Western i 
ide Div., 2101 Williams $ 
Leandro, Calif. 

Crownoil Chemical Co. Inc., 2-14— 
49th Ave., Long Island City 2. N. Y. 

Crucible Steel Co. of America, P. O. 
Box 2518, Pittsburgh 30, > 

Crystal Essence Corp., The, P . O. Box 
108, Bound Brook, N. J. 

Crystal Plastic, Inc., 232 Taaffe Place, 
Brooklyn 5, N. Y. 

Crystal-X Corp., W. Lenni Rd., Lenni 


Mills, Pa. 
*Cumberland Engineering Co., Inc., 
P. O. Box 216, Providence 1, RL 
Cumberland Tool Works, 1317 W. 
Grand Ave., Chicago 22, Til. 
Cuming, M. A., & Co., pee 49 Bleecker 
St., New York 12, N. Y 
Curbell, > om 777 Hertel Ave., Buffalo 


olan Corp., 501 W. Commercial St., 
E. Rochester, N. Y. 

Curry Arts, ag Green Ridge St., 
Scranton 9, P 

Curtiss-Wright Cen. 1271 Avenue of 
the Americas, New York 20, N. Y. 

Curtiss-Wright Corp., Princeton Div., 
a = Controls Dept., Princeton, 


Oak Chemicals Co., Inc., Currie 
ay P. O. Box 87, E. Rutherford, 


Custom Coatings Co., 10819 Venice 
Blvd., Los Angeles 34, Calif. 
*Custom Engineering Co., 2414 McKin- 
ley Ave., Erie, Pa 
Custom Extruders, Inc., 57 Carmans 
Rd., Farmingdale, N. Y 
Custom Extrusion, Inc., County & 
Home Rd., Sheffield, Mass. 
Custom Machine & Design, Inc., 200 S. 
Forge St., Akron 9, Ohio 
Custom Merchandise Corp., 43 York St., 
Brooklyn 1, N. 
*Custom Plastics, o 1707 N. 25th 
Ave., Melrose Park, tll 
*Custom Scientific Instruments, Inc., 
541 Devon St., Kearny, N. J. 
Cyanamid International, Div. of Amer- 
ican Cyanamid Co., 1271 Sixth Ave., 
New York 20, N. Y. 
Cyclotherm Div., National-U. S. Radia- 
tor Corp., Oswego, N. Y. 
*Cylinder Mfg. Co., 2 Maitland Ave., 
Hawthorne, N. J. 


D. & G. Plastics Co., Overholt Rd., 


Kent, Ohio 
D & R Pilot Plants, Inc., 
Hazardville, Conn. 


Water St., 


*D & R Plastic Welders, Inc., Water 
Conn. 


St., Hazardville, 
Mfg. Co., N. Prince St. Ext., 


Lancaster, Pa. 
—— Corp, 64 641 Robbins Rd., Grand 


a hae Inc., Swarthmore In- 
dustrial Center, Springfield, Pa. 

Damac Tool Co., 456 E. 166th St. 
Bronx 56, N. Y. 


Damen Tool & Engineering Co., Inc., 

4621-47 N. Olcott Ave., Chicago 31, 

Danberg Chemical Co., Pent Highway, 
allingford, Conn. 

; a J., Ltd., Stroud, Glou- 

ingrs oan 348 

ie a Nicholson 


elson, Conn. 
Danish Plastics, tics hasan 88, Copen- 


hagen, 
*Danly Machine Specialties, Inc., 2100 


S. Laramie Ave., Chicago 51, 


*Danson, Barnett P| i. & Associates, Ltd., 


1912 Avenue Toronto 12, Ont., 
Canada 

Dapol Plastics, Inc., 53 Northboro St., 
Worcester 4, Mass. 

Darling & Co., 4201 S. Ashland Ave., 


Chicago 9, 1. 
oa nh, Ae Co., Plastic Div., 306 
t Coldwater, Mich. 
Dart mle Co , Highway 127, Mason, 
i 
Daubert Chemical Co., 4700 S. Central 
Davidson ucts Co., 1166 Mercer 
St., Seattle 9, Wash. 
Davidson Kennedy ag 1090 Jefferson 
Atlanta 18, G: 
Co., 1428 N. 
Wells St. ine 
Davies, Helen, Se 
New York 19, N 
*Davies Nitrate Co., “ing. 114 Liberty 
Davis, Frank D %js0 Metuchen 
Rd., S. Pininfeld. N NJ 
*Davis, Joseph, Plastics 450 Schuy- 
ler ’Ave., Kearny, 
& Development Corp., 12 Water St., 
Mystic, Conn. 
Dawbarn Bros., Inc., h ng S. Delphine 
Ave., Waynesboro, V 
hs mg St., Canton, Mass. 
Co., The, Div. of The 
ol lani Automatic Machine Co., 
4932 Beech St., Cincinnati 12, Ohio 
Ave., Dayton, Ohio 
Daylite Industries, 297 Meeker Ave., 
Brooklyn 11, N. Y. 
Inc., Weston Instruments 
ark 12, N. J. 
Dayton Plastics, Inc., 1934 Stanley 
Ave., Dayton 4, Ohio 
“= Rogers Mfg. Co., 2834—13th 
Arthur, Inc., 31 Roseland 
Ave., aldwell, N. J. 
DeBell & Richardson, Inc., Water St., 
Hazardville, Conn 
Rd., Depew, N. Y. 
Decar Plastic Corp., 1322 University 
Ave., Middleton, Wis. 

Decatur Plastic, Inc., Highway 31 S., 
Decker Industries, Div. of Stuart Ma- 
rine, P. O. Box 1318, Stuart, Fla. 
*Decotone Products Div., Fitchburg 
Paper Co., 193 Kimball St., Fitch- 


Ave., Chicago 38, ri. 
Devise Harry, Moldin 
40 W. 57th St., 
, New to 
J. 
*Davis Standard Div., Franklin Research 
*Dawson, Fr. <. Restncering Co., 641 
Dayco Corp., The, 2342 W. Riverview 
Daystrom, 
Div., 64 Frelinghuysen Ave., New- 
S., Minneapolis 7, Minn. 
Deakin, 
Debo, L. F. Mfg. Co., 5969 Transit 
P. O. Box 1937, Decatur, Ala. 
burg, Mass. 
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Eastern Marine Products Corp., 34 Gar- 
den St., New Rochelle, N. Y. 

Eastern Moulded Products Co., 7 Madi- 
son St., S. Norwalk, Conn. 

Eastern Plastic Materials, Inc., Slaters- 
ville, R. I. 

tEastman Chemical Products, Inc., 
Chemical Div., Sub. of Eastman 
Kodak Co., Kingsport, Tenn. 

*Eastman Chemical Products, Inc., Plas- 
tics Div., Sub. of Eastman Kodak Co., 
Kingsport, Tenn. 

Eastman Chemical Products, Inc., Sub. 
of Eastman Kodak , Fibers Div., 
Kingsport, Tenn. 

wEastman Kodak Co., 343 State St., 
Rochester 4, N. Y. 

oi “arg gh Y 779 Washington 

Buffalo 3, N 

pene Mfg. Co., aa Div., 3122 
—l4th Ave., Kenosha, Wis. 

Eclipse Fuel Raainesring Co., 1100 
Buchanan, Rockford, II. 

Eclipse Mfg. Co., 48 S. Old Rand Rd., 

Lake Zurich, iil. 

Eclipse Plastic Industries, Inc., P. O. 
Box 430, Sarasota, Fla. 

Eco Engineering Co., 12 New York 
Ave., Newark 1, N. J. 

Economy Diamond Tool Co., 611 
Broadway, New York 12, N. Y. 

Economy Engineering Co., 4511 W. 
Lake St., Chicago 24, Ill 

Edison, S. M., Chemical Co., 2710 S. 
Parkway, Chicago 16, Il. 

Edwards High Vacuum, Inc., 1920 Buf- 
falo Ave., Niagara Falls, N. Y. 

Efka Plastic Corp., 1121 Clinton, Ho- 
boken, N. J. 

*Egan, Frank W., & Co., 671 S. Adams- 
ville Rd., Somerville, N. J. 

Filer Equipment Co., 1107 2nd St., S 
Minneapolis 15, Minn. 

Eisler Engineering Co., Inc., 
13th St., Newark 3, N. J. 
Electric Auto-Lite Co., The, General 
Products Group, Champlain, Toledo 

1, Ohio 

Electric Hotpack Co.. Inc., The, 5015-A 
Cottman Ave., Philadelphia 35, Pa. 

Electric Trading Co., 313-15 Canal St., 
New York ~ N Y. 

Electro Plastic Fabric vy, Inc., 
St., N.E., Pulaski, 

Ele ) Plasti ics , 1201 Levee St., 
"Da i 1S Texas 

tr chon il Industries, Inc., 35 
Armory St., Worcester 3, Mass. 
Chemical Products Corp., 16190 
c Rd., Cleveland 10, Ohio 
ilm, Inc., 7116 Laurel Canyon 
N. Hollywood. Calif. 
rms, Inc., 239 E. 165th St., 
na, Calif. 
Mechano Co.., The, 94] E. 
Milwaukee 2, Wis. 
iold Corp., 140 Enterprise Ave 
n 9, N. J. 
I Components. Div. of Tele- 
uting Corp., 15706 Arminta St., 
Nuys, Calif. 
Development Labs., 71 Nas- 
Ne Ww York 38, N _ 
nic Mechanics, Inc., 101 Clifton 
, Clifton, N. J. 
Processes Corp. of Calif., 
Bryant, San Francisco 7, Calif. 
nic Wave Products, Inc., 15 E. 
St., New York 10, N. Y. 
Technical Products Div., Sun 
mical Corp., 113 E. Centre St., 
10, N. J. 
gin National Watch Co., Abrasives 
v., 107 National St., Elgin, Ill. 
Corp., 2900 Herbert St., Balti- 
e 16, Md. 


Advertiser 


754 S. 


64 First 


*Emery Industries, Inc., 


*Entoleter, Inc.., 


*Erie Foundry Co., 


ss Rubber Co., 1200 S. Central 
Ave., Los Angeles 21, Calif. 

= Products Co., Inc., 125 S. Liberty 

, Stony Point, N. y. 

rie "Coated Fabrics Co., Inc., 261 
Fifth Ave., New York 16, N. Y. 

Elmer Plastic Fabrics Corp., 161-24 
Northern Blvd., Flushing 58, N. Y. 

Elmes/King Div., American Steel Foun- 
dries, 1150 Tennessee Ave., Cincin- 
nati 29, Ohio 

Elyria Molding & Engineering Co., 
317 Prospect St., Elyria, Ohio 


*Emeloid Co., Inc., The, 1239 Central 


Ave., Hillside 5, N. J. 
Emerson & Cuming, Inc., 869 Wash- 
ington St., Canton, Mass. 
Emerson Plastics Corp., 1383 Seabury 
Ave., Bronx 61, N. Y. 
4200 Carew 


Tower, Cincinnati 2, Ohio 

Emery, Vern, Co., 10647 Wixom St., 
Sun Valley, Calif. 

Emhart Mfg. Co., 
Hudson, N. Y. 

Emhart Miz. Co., Portland Div., Port- 
land, Conn. 

Enduro Tool & Engineering Co., 4134 
W. Chicago Ave., Chicago 51, Ill. 
Ay, Patterns, Inc., 1537 Hutchins 

Ave., Columbus, Ind. 

Engineered Nylon Products, Div. of 
Kennatrack Corp., 2530 Bypass Rd., 
P. O. Box 753, Elkhart 2, Ind. 

Engineered Plastics, Inc., Drawer P, 
Watertown, Conn. 

Engineered Plastics, Inc., Chase St., 
Gibsonville, N. C. 

Engineered Products, Inc., 105 Ford 
Lane, Hazelwood, Mo. 

Engineering Associated, 111 Libert 
St., Winona, Minn. 


Union Turnpike 


*Engineering Laboratories, Inc., Colfax 


Ave., Pompton Lakes, N. J. 
Engineering Plastics Co., 45 E. Walnut 
St., Pasadena, Calif. 


*Engin Equipment Co., 431 S. Dearborn 


St., Chicago 5, TI. 
Englander Co., Inc., The, 

Plastics Div., 227 

Baltimore 23, Md. 


Industrial 


N. Warwick Ave 


*English Mica Co., The, Ridgeway Cen- 


ter Bldg., Stamford, Conn. 


*Eniav Chemical Co., A Div. of Humble 


Oil & Refining Co., 15 W. 5lst St 
New York 19, N. Y 

Enterprise Paint Mfg. Co., 2841 S. Ash- 
land Ave., Chicago 8, ITI. 

Sub. of American Mfg 
Co., Inc., 1187 Dixwell Ave., New 
Haven, Conn. 

Entwistle Mfg. Corn., 1475 Elmwood 
Ave., Providence 7, R. I. 

Epoxylite Corn., 1428 N. Tyler, S. El 
Monte, Calif 

Equitable Paper Bag Co., Inc., 45-50 
Van Dam St., Long Island City 1 
N. Y. 


Erdco Engineering Corp., Official Rd. 
& Westgate Dr., Addison, Til. 

Erickson, Wallace A., & Co., 842 N 
Wells St., Chicago 10, TI. 

Erie County Plastics Corp., Box 394 
Corry, Pa. 


*Erie Engine & Mfg. Co., 953 E. 12th 


St., Erie, Pa. 

1253 W. 12th St., 
Erie, Pa 

Erie Plastics Co., Inc., 
St., Erie, Pa. 

Erie Resistor Co., 
Erie 6, Pa. 

Erinac Equipment Corp., 225 Lafay- 
ette St., New York 12, N. Y. 

Erinoid, Ltd., W. Halkin St., London 
S.W.1, England 


1221 Walnut 


1345 W. 12th St., 


Eronel Industries, 12607 Cerise Ave., 
Hawthorne, Calif. 

*xEscambia Chemical Corp., 261 Madi- 
son Ave., New York 16, N. Y. 

Essex Plastic Machinery Co., Inc., 58 
Rantoul St., Beverly, Mass. 

Euclid Engineering Co., Ist & A Sts., 
Upland, Calif. 

*European Plastic Machinery AB, Balt- 
zarsgatan 29, Malmoe, Sweden 

Evans-Zeier Plastic Co., Highway 51 
(Zeier Service Rd.), Madison 4, Wis. 

aa 1 Ready Label Corp., 357 Cortlandt 

Belleville 9, N. J. 

nok. . Plastics, = Merritts Ave., 
N.E., Atlanta 8, 

Everlite Corp., 1318 E. Cherry St., 
Seattle 22, Wash. 

Evers Industries, Inc., 3-01—27th Ave., 
Long Island City 2. N. Y. 

*Exact Weight Scale Co., 919 W. 5th 
Ave., Columbus 15, Ohio 

Excel Plastic Mfg. Corp. 458 W. 168th 
St., New York 32, A 

Excel- Mold, Inc., a E. Troy Ave., 
Indianapolis 3, Ind. 

Excelsior Plastics, Inc., Sub. of North- 
west Plastics, Inc., Belle Plaine, 
Minn. 

Exeter Mfg. Co., 1451 Broadway, New 
York 34, N. Y. 

Expandable Plastics Corp., 56 W. Ex- 
change Akron 8, Ohio 

* Expandex the Wauregan, Conn. 

Extron Corp., 3600 Pleasant Ridge Rd., 
Knoxville 21, Tenn. 

Extruded Plastics, New Canaan Ave., 
Norwalk, Conn 


é 


F & F Mold & Die Works, Inc., 103 
Sachs St., Dayton 3, Ohio 

Fabric Leather Corp., 16 W. 32nd St., 
New York 1, N. 

Fabrico Mfg. Corp., ‘1714 W. Division 
St., Chicago 22, ill. 

*Fabricon Products, A Div. of The 
Eagle-Picher Co., 6430 E. Slauson 
St.. Los Angeles, Calif. 

*Fabricon Products, A Div. of The Eagle- 
Picher Co., 1721 W. Pleasant Ave., 
River Rouge, Mich. 

Fabri-Form Co., The, 1102 Burt Ave., 
Byesville, Ohio 

Fabri-Kal Corp., 3303 E. Cork St., 
Kalamazoo, Mich. 

Fabrite Metals Corp., 1547 Covert St., 
Brooklyn 27, N. , 2 

Facile Corp., Sub. of Sun Chemical 
Corp., 185 Sixth Ave., Paterson 20, 
N. J. 

*Faeco Machine Co., Inc., 
Ave., Box 6, Paterson, N. J. 

Fair Martin one Inc., P. O. Box 268, 
Concord. 

Fairchild Plastics Branch, Fairchild En- 
gine & Airplane Corp., 1275 Marconi 
Blvd., Copiague, N. Y 

Falcon Equipment Co 
Brighton, Pa. 

Falge Engineering Corp., 4733 Elm 
St., Bethesda 14, Md. 

Falk Glass & Plastic Co., Inc., 48-10 
Astoria Blvd., Long Island City 3, 
N. Y 


643—21st 


13th St., New 


*Falls Engineering & Machine Co., The, 

1734 Front St., Cuvahoga Falls, Ohio 

Falls Hollow Staybolt Co., 7 Portage 
Trail, Cuyahoga Falls, Ohio 


*Famco, Inc., 6201 Strawberry Lane, 
Louisville 9, Ky. 
Famco Machine Co., 

Rd., Kenosha, Wis. 
Faratron, 4447 Union Pacific Ave., Los 
Angeles 23, Calif. 
*Farbenfabriken-Bayer, A.G., 
kusen, West Germany 


3100 Sheridan 


Lever- 





*Farbwerke Hoechst, A.G., (vormals 
Meister Lucius & Briining) Frank- 
furt/Main-Hoechst, West = 
U. S. Distributor: Hostachem ae, 
270 Sheffield St., Le wang % 

Farley & Loetsche +: 

a 7th & White ts., — 
owa 

Farnham Associates, 134 E. Locust, Des 
Moines 16, lowa 

. 953 E. Silst 


Farragut Plastics Co 
St., Brooklyn 3, N. Y. 
*Farrel-Birmingham Co., Inc., Ansonia, 


Pratt 


The, Plastics 
78 River St., Spring- 


Boston 
2685 Mogadore Rd., 
Ashland, 


Commerce St., 


of Ferro 
Bedford, Ohio 


4150 E. 56th 
Fiber 


P. O. Box 131, Oco- 


Stillman Press Div., 565 Blossom Rd., 
*Farris Universal Machine Corp., 400 
Fasson Products, 250 Chester St., 
Favorite Plastic Corp., 
Federal Color Labs., 4532 Chickering 
Federal Tool " Corp., 3600 W. 
field, Vt. 
11, Mass. 
Mass. 
Corp., 450 Krick Rd., 
Glass Ave., Nashville 11, Tenn. 
St., New York 1, N. Y 
Pl., Amsterdam, 
Okla. 
Ind. 
P. O. Box 212, 
Somerset, Pa. 
Winona, Minn. 


nn. 
*Farrel-Birmingham Co., Inc., Watson- 
Rochester 10, N. Y. 
Farrington Texol Corp., 2000 Main St., 
Walpole, Mass. 
Commercial Ave., Palisades Park, N. J. 
Fassler, M. J., & Co., Inc., 1241-1245 
Gates Ave. Brooklyn 21. N. Y 
Painesville, Ohio 
Fastener Products, Inc., 239 Danbury 
Rd., Wilton, Conn. 
39-45 Warren 
St., Brooklyn 1, N. Y. 
Fawn Plastics Co., Inc., 2301 York 
Rd., Timonium, Md. 
Ave., Cincinnati 32, Ohio 
Federal Industries, 681 Main St., Belle- 
ville 9, 
Blvd., Chicago 45, Til. 
*Fellows. Gear Shaper Co., 
Machine Div., 
Felsenthal, G., & Sons, 3500 N. Kedzie 
Ave., Chicago 18, Ill. 
Felters Co., The, 210 South St., 
Fenco Mfg. Co., 
Akron 12, Ohio 
Fenwal, Inc., Pleasant St., 
Ferracute Machine Co., 
Bridgeton, N. J. 
*Ferro Chemical Corp., Div. 
*Ferro Corp., Color Div., 
St., Cleveland 5, Ohio 
*Ferro Corp., Fiber Glass Div., 
Ferry Machine Co., W. Main St. Ext., 
Kent, Ohio 
Fersons Industries, Inc., 16 W. 32nd 
Fiber Chemical Corp., Bond St., Cliff- 
wood, N. J. 
*Fiber Glass Industries, Inc., Homestead 
Fiber Glass Plastic, om 7395 N.W. 
34th Court, Miami 47, Fla. 
Fibercast Co., Box 727, Sand Springs, 
Fiberesin Plastics Co., 756 E. Wiscon- 
sin Ave., Oconomowoc, Wis. 
*Fiberfil, Inc., Fox Farm Rd., Warsaw, 
Fiberform, Inc., 
nomowoc, Wis. 
Fiberglass Boat Co., 
Fiberglass Products Engineering Co., 17 
Mechanic St., Norwalk, Conn. 
Fiberite Corp., The, 516 W. 4th St., 
Fiberlay, Inc., 1158 Fairview N., Seattle 
9, Wash. 
Fibro Corp., 175 Terminal Ave., Clark, 
N, J. 


x Indicates Advertiser 
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Fibrous Glass Products, Inc., Alpa 
Plaza, Hicksville, N. Y. 
Fields, Charles S. Inc., 199 Garibaldi 


Ave., Lodi 1 eo 
Fife Mfg. Co., *P. Box 9815, Okla- 


homa City 18, Okla. 
Filo Color & Chemical Co . 
Madison Ave., New York mw YS 
Filon Plastics Corp., 833 N. Van Ness 
Ave., Hawthorne, Calif. 
atte Organics, Inc., 205 Main St., Lodi, 


Finest Plastics, Inc., 23 Secor Lane, 
Pelham Manor, N. Y. 

*Finish ag i Co., Inc. 921 
Greengarden Rd., Erie, Pa 

a + & Fram, Inc., 8402 San Fernando 

, Sun Valley, Calif. 

Fiore” William M., . 269—4 1st St., 
Brooklyn 32, N. 

Firestone Plastics = P. O. Box 690, 
Pottstown, Pa. 

Firestone Synthetic Rubber & Latex Co., 
881 W. Wilbeth Rd., Akron 1, Ohio 

Firmaline Div., Carl N. Beetle Plastics 
Corp., 198 Airport Rd., Fall River, 
Mass. 

*First Machinery oe 209-289—10th 
St., Brooklyn 15, N. 

Firth. Sterling, Inc., S113 Forbes Ave., 
Pittsburgh 30, Pa. 

Fischer, Johann, Maschinenbau, Loh- 
mar, Bez., Cologne, West Germany. 
Uv. &. Rep.: Barclay Industries, 420 
Lexington Ave., New York, N. Y. 

Fischer & Porter Co., 30 Warminster 
Rd., Warminster, Pa. 

Fisher Scientific Co., 711 Forbes Ave., 
Pittsburgh 19, 

*Fitchburg Paper 9 642 River St., 
Fitchburg, Mass., New York Office: 
250 Park Ave. 

Fjellman American, Inc., 105 Republic 
Ave., Joliet, Ill. 

Flambeau Plastics Corp., 
Ave., Baraboo, Wis. 


Flex Products Corp., 231 Meadow Rd., 
Rutherford, N. J. 


Flexabar Corp., P. O. Box 86, North- 
.j. 


800 Lynn 


vale, 
Flexaust Co. Th 100 Park Ave., New 
York 1 
Flexcon a 
Mass. 
Flexcraft Industries, 527 Avenue P, 
Newark 5, J. 
Flexfirm Products, 2300 N. Chico Ave., 
S. El Monte, Calif. 

Flexible Packaging Div., Continental 
Can Co., Inc., Mt. Vernon, Ohio 
*Flexible Products Co., 1225 Industrial 

Park Dr., Marietta, Ga. 
Flexigrip, Inc., 504 E. 74th St., New 
York 21, N. Y. 
*Flex-O-Glass, Inc., 1100 N. Cicero 
Ave., Chicago 51, Il. 
*Flick-Reedy Corp., Miller Fluid Power 
OW. 7NO15 York Rd., Bensenville, 


Ad Wall St., Spencer, 


*Flightex Fabrics, Inc., 93 Worth St., 
New York 13, N. Y. 

Flodins Industri A.B., Lysekil, Sweden 

Florin, Ltd., 88-90 Hollow: ay Rd., Lon- 
don N. . 3 Engl: and 

Fluorocarbon Co., The, 1754 S. Clem- 
entine St., Anaheim, Calif. 

Fluoro-Plastics, Inc., Div. of Flexrock 
Co., 2417 Federal St., Philadelphia 
46, Pa. 

Foam Fabricators, Inc., Ltd., 
16th St., St. Louis 3, Mo. 
Foam Products, Inc., 23 S. Main St., 

Manchester, Pa. 
Foamed Plastics Corp., E. 802 Pacific 
Ave., Spokane 3, Wash. 
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oampak Corp., 400 N. 12th St., Phila. 
ro. 23, Pa. 
Food Film, Inc., P. O. Box 258, Cald. 


well, N. f 
Pa ry & Chemical Co 
Chemicals & rina * 16 Le 
42nd St., New York 17, N. Y 
Pegueme Electric Co., Inc., Bethel, 


.— Food & Chemical Co., El 
Dorado Div., Pp O. Box 599, Oak. 


land 4, Calif. 
*Foremost Machine Duties, Inc., 88 
Dorsa Ave., Livingston, N. J. 
Forest Plastics, Inc., 29 Denton Ave, 
New Hyde Park, N. . # 
Formex Corp. 223 E. Jackson Blvd, 
Elkhart, Ind. 
Formica Corp., The, 4614 Spring Grove 
Ave., Cincinnati 32, Ohio 
Formvac (Formerly Hydro-Chemie, 
Ltd.), Claridenhof, Dreikonigstrasse 
21, Zurich, Switzerland 
*Forrest Mfg. "Co., Inc., c State High- 
way #17, Ru erford, 3 
Fortin Plastics, Inc., isi Keswick 
St., Van Nuys, Calif. 

Fortney Mfg. Co., Inc., 247 New Jersey 
Railroad Ave., Newark 5, N. J. 
*Foster & Allen, Inc., 26 Commerce St, 

Chatham, N. J. 
*Foster Grant Co., Inc., 289 N. Main 
St., Leominster, Mass. 
—— Corp., 1200 N. Main, Fostoria, 
oO 


Fox Specialty Co., Inc., 1995 Middlesex 
St., Lowell, Mass. 

Feshae Co., The, 38 Neponset Ave., 
Foxboro, Mass. 

France Engineering Co., The, 13000 
Athens Ave., Cleveland 7, Ohio 

Francis Industries, 25 E. Depot St, 
Pataskala 2, Ohio 

*Frank, J. P., Chemical & Plastic Corp., 
390 Fifth Ave., New York 18, N. Y., 

Frank Plastics Corp., 91 Pallister, De 
troit 2, Mich. 

ra Fibre-Lamitex Corp., 18th 
St., E. of Market on P.R.R., Wil 
mington 99, Del. 

*Franklin Mineral Products Co., Depot, 
Franklin, N. C. 

Franklin Plastics, Inc., 315 Grant St, 
Franklin, * 

Frantz, S. G., Co., Inc., Kline Ave. at 
eet ’ Pike, P. O. Box 113%, 
Trenton 6, N. J. 

*Freeman Chemical Corp., Div. of H. H. 
Robertson Co., 222 E. Main St., Port 
Washington, Wis. 

Freeport Plastic Sheet Corp., Maple 
Pl., Freeport, N. Y. 

*French Oil Mill Machinery Co., The, 
1040 W. Greene St., Piqua, Ohio 
Fried Novelties, 5215 New Utrecht 

Ave., Brooklyn 19, N. Y. 

Friedlander, ~ S., P. O. Box 67, Rego 
Park 74, N. 

Frielich bts Corp., 
New York 12, N. Y. 
Frisch Doll Supply Co., Inc., 
Broadway, New York 12, N I 
Fritzsche Bros., ba 76 bani Ave., 

New York 11, N & 2 
Froehling & Robestems, Inc., 
t., Richmond 6, Va. 
ree Electric Products, Holly Springs, 
iss. 

Fuji Electronic Industrial Co., Inc., 46 
Minami-cho, Itabashi-ku, Tokyo, 
Japan 

Fujikoshi Seiki Kogyo K. K., Shiba, 
Minato-ku, No. 1, 3-chome, Hama- 
matsu-cho, Tokyo, Japan 


29 W. 4th St, 
a W. 


814 W. 





Fuller, H. R On, 255 Eagle St., St. 
Paul 2, 
*Furane banation, Inc., 4516 Brazil St., 
Los Angeles 39, Calif. 
Futura, Inc., 2400 S$. Ashland Ave., 
Chicago 8, Ili. 


G 


G & S Label Corp., 49 W. 27th St., 
New York 1, N. Y. 

*G-W Plastic peincem, Inc., Pleasant 
St., Bethel, V 

GMC. ly Corp., 718 Broadway, 
New York 3, N. 

GPE Cute, Inc., ¥ 40 E. Ontario St., 
Chicago 11, IIl. 

Gabriel Sits. Co., Inc., 125 S. Liberty 
Dr., Stony Point, N. Y. 

Gaertner Scientific Corp., 1201 Wright- 

wood Ave., Chicago 14, Ill. 

Galland-Henning Mfg. Co., 2761 S. 
3lst St., Milwaukee 46, Wis. 

Garan Chemical Corp., 210 E. Olive 
St.. P. O. Box 192, Gardena, Calif. 

Gardner Laboratory, Inc., 5523 Landy 
Lane, Bethesda 14, Md. 

—s a. Co., 100 Williamson 
t 
*Garfiel Mfg. Co., 10 Midland Ave., 
wy N. }. Mailing Address: 

P Box 59, Garfield, N. J. 

Garray Plastics, Inc., 333 Bergen Ave., 
Kearny, 

Garrett Corp., ‘The, Air ey Div., 
Route 34, Wall Township, N 

Garvan, P.. Inc., 236 Hamilton St., 


Hartford, Conn. 

Gary Enterprises, Inc., — Alabama 
Ave., eee 7, N. 

Gast Mfg. Co » 2312 slehwwey M-139, 
Benton Harbor, Mich. 

Gaylord Plastics, "Inc., 1643—19th St., 
Santa Monica, Calif. 

Gaynes Engineering Co., 1642 W. Ful- 
ton St., Chicago 12, il. 

Geauga Industries Co., Old State Rd., 
Middlefield, Ohio 

*%Geigy Industrial Chemicals, P. O. Box 
430, Yonkers, N. Y. 

Geigy, J. R., S. A., Basel 16, Switzer- 


land 

*Geissel ny Co., Inc., 109 Long Ave., 
Hillside, 
Iman, eeeetn A., Co., 206 Graham 
Ave., Brooklyn 6, N. Y. 

Gemloid Corp., 38-40—10th St., 
Island City, N. Y. 
eral American Transportation Co 
Plastics Div., 135 S. LaSalle St., Chi- 
cago 90, Ill. 

General Box Co., 1825 Miner St., Des 
Plaines, IIl. 

General Color Co., Inc., 24 Avenue B, 
Newark 5, N. J. 

General Die Mold Co., 548 N. Sacra- 
mento Blvd., Chicago 12, II, 

General Dyestuff Co., A Div. of Gen- 
eral Aniline and Film Corp., 435 
Hudson St., New York 14, N. Y. 

*General Electric Co., Chemical Mate- 
rials Dept., 1 Plastics Ave., Pittsfield, 
Mass. 

General Electric Co., Direct Current, 
Motor & Generator. Dept., 3001 East 
Lake Rd., Erie, Pa. 

General Electric Co., Industrial Sales 
ees 1 River Rd., Schenectady 5, 


Long 


General Electric Co., Laminated Prod- 
ucts Dept., Coshocton, Ohio 

"General Electric Co., Lamp Metals & 
/omponents Dept., 21800 Tungsten 
__ Ra, Cleveland 17, Ohio 
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General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 
General ~ Co., 17 Cedar St., St. 


Louis 2. 
en ye Fibre Go, Inc., South St., Wal- 
ec, M 
General F ee on, 640 W. 184th St., 
New Yorks $1, N 
General Foam Plastics Corp., 801 
Mount Be meek Portsmouth, Va. 
, The, Taylor & 
Olive — Elyria, Ohio 
General Latex & Chemical Corp., 666 
Main St., Cambridge, Mass. 
General Machine Co. of New pate, 
55 Evergreen Ave., Newark 12, N. J. 
General Machine & Tool Works, 40261 
ons Mile Rd., Walled Lake, Mich. 
eral Mills, Inc., Box 191, Kankakee, 


Corr 

General Mills, Inc., Specialty Products 
Div., — Wayzata Blvd., Minneapo- 
lis 26, Minn. 

General Molded Products, Inc., 1365 
Lee St., Des Plaines mi. 

*General Plastics Corp., "1400 N. Wash- 
ington St., Marion, Ind, 

General Plastics Corp., 2260 Centinela 
Ave., Los Angeles 64, Calif. 

General Plastics Corp., 165 Third Ave., 
Paterson, N, J. 

General Plastics ., 2050 Broadway, 
Santa Monica, C 

General Plastics, _ "7618 W. Michi- 

gan Ave., Kalamazoo, Mich. 

oben Plastics Mfg. Co., 3481 S. 35th 
St., Tacoma 9, Wash. 

General Printing Ink Co., Div. of Sun 
Chemical Com. 750 Third Ave., New 
York 17, N. 

General Reovarchs & Supply Co., 572 S. 
Division Ave., Grand Rapids 3, Mich. 

*General Roll Leaf Mfg. Co., 85-03—57th 
Ave., Elmhurst 73, N. Y 

General Tire & Rubber Co. The, 1700 
Factory Ave., Marion, Ind. 

General Tire & Rubber Co., The, Bolta 
Products Div., 70 Garden St., Law- 
rence, Mass. 

*General Tire & Rubber Co., The, Chem- 
ical Div., 1708 Englewood Ave., Ak- 
ron 9, Ohio 

General Tire & Rubber Co., The, Tex- 
tileather Div., 607 Madison Ave., To- 
ledo 3, Ohio 

Genesee Laboratory, Inc., 16 Garden 
St., Auburn, N. Y. 

Geneve Mfg. Corp., 288 Third St., 
Trenton, N, J. 

George, P. D., Co., The, 5200 N. Second 
St., St. Louis 7, Mo. 

*Ceorgia Kaolin Co., 433 N. Broad St., 
Elizabeth 3, N. J. 

Georgia Marble Co., The, Calcium Prod- 
ucts Div., Tate, Ga 

Ger-Ell Mfg. Co., 2440 Indiana Ave., 
Chicago 16, Ill. 

Gerin Mfg. Co., Inc., 683-685 N. 5th 
St., Newark 7, N. J. 

*Gering Plastics, Div. of Studebaker- 
Pac Corp., N. Seventh St. & Mon- 
roe Ave., Kenilworth, N. J. 

Gershen, Irvin J., 1877 Springfield Ave., 
Maplewood, N. J. 

Gessner Mfg. Co., Inc., 241 N. Main St., 
Ambler, Pa. 

*Getty Machine * Mold, Inc., 384 Getty 
Ave., Clifton, N. J. 

Gibbs Automatic Moulding Div., Pierce 
Industries, Inc., 1106—5th St., Hen- 
derson, Ky. 

Gibbs Mfg., 725 Channing Way, Berk- 
eley 7, Calif. 

a Associates, Inc., 390 North Ave. 

., Cranford, N, J. 


Gilbert Plastics & Supply Co 
a St., Baltimore 3, ‘io 


a TO 2 C., Corp., 1418 N. Potrero, 
Monte. 
*Gilman aie. Oe Co., The, Gilman, Conn, 

Girdler Equipment Div., 

rD., 894 E E. Broadway, 
Louisville 

Gisholt Machlos’ Co., Masterglas Div., 
10 We E. Washington Ave., Madison 

Gits, J. & mg Corp., 200 Central 
Ave., Roselle, I ’ 

Gits, J. P » Molding Corp., 4600 W. 
Huron St., Chicago 44, Ill. 

Gladwin Plastics, Inc., 165 Courtland 
St., N.E., Atlanta 8, Ga. 

Glamorgan "Plastics, Div. of Glamorgan 
Pipe & Foundry Co., Upper Basin, 
Lynchburg, 

Glasflex, Inc., Valiey Rd., Stirling, New 


sciasbod, Inc., Eckel Rd., Perrysburg, 
Gang Corp., 4—6th St., Verplanck, 


Claes “Laboratories, , 863—65th St., 
Brooklyn 20, 
Glass Yarns & Deeside Fabrics, Ltd., 9 
Kingsway, London W.C.2, England 
Glassoloid Corp. of America, 82 Well- 
ington Ave., Clifton, N 
Glastic Corp., The 4321 G enridge Rd., 


Clevelan 21, Ohio 
Glastronics Div., 699 Tarkiln Hill Rd., 
New Bedford, Mass. 
*Glebar Co., Inc., Commerce St., Frank- 
lin es, N. J. 
Cone Processes, Inc., Bay Shore, 


*Glenn Electric Heater Corp., 372 Jelliff 
Ave., Newark 8, N. J. 
#Glidden Co., The, 900 Union Com- 
merce Bldg., Cleveland 14, Ohio 
*Glidden Co., The, Chemicals Div., 3901 
Hawkins Point Rd., Baltimore 26, Md, 
Globe ey Co., Div. of Harsco 
: , 2025 Kishwaukee St., Rock- 
ord, 

Globe Molded Plastics Oo hag 6th & 
Washington, Byesville, O' 

Glo-Brite Foam Plastic ‘oll 6415 
N. California Ave., Chicago 45, Ill. 
Glyco Chemicals, Div. of Chas. L. 

Huisking & Co., Inc., 417 Fifth Ave., 
New York 16, N. Y. 
aa & O'Brien Electric Co., 17 
~~ Be St., Chicago 6, Il. 
Pres. Mfg. Co., Inc., 1501 W. Blancke 
St., Linden, N. J. 
Goodall Vinyl Fabrics, Goodall-Sanford 
, Reading, Mass. 
Products Corp., 101 W. Forest 
Ave., Englewood, N. J. 
Goodrich, B. F., Chemical Co., 3135 
Euclid Ave., Cleveland 15, Ohio 
Goodrich, B. F., Industrial Products Co., 
500 S. Main St., Akron 18, Ohio 
*Goodrich-Gulf en nee Inc., 1717 E. 
Ninth St., Cleveland 14, Ohio 
Goodyear Aircraft whey "1210 Massil- 
lon Rd., Akron 15, O Ohio 
*Goodyear Tire & Rubber Co., Chemical 
a 1485 Archwood Ave., Akron 16, 


Goodyear Tire & Rubber Co., Films and 
Flooring Div., 1144 E. Market St., 
Akron 16, Ohio 

Gordon Chemicals, Inc., 500 “A” St., 
Wilmington, Del. 
rdon-Lacey Chemical Products o 
a 57-02—48th St., Maspeth 7 
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Goren, H. L., Co., 7312 N. Rogers Ave., 
Chic ago 26, til. 

Gorton, George, Machine Co., 1100 W. 
13th St., Racine, Wis. 

Gotham Industries, Inc., 540 N. Orleans 
St., Chicago 10, Iil. 

Gotham Ink & Color Co., 5-19—47th 
Ave., Long Island City 1, N. Y. 

Gotham Plastics Corp., 220 E. 134th St., 
New York 51, N. Y. 

Gottscho, Adolph, ha 6 Evans Termi- 
nal, Hillside 

Gougle r, C, wg Mi; achine Co., 705-69 
Lake St., Kent, Ohio 

*Goulding Mfg. Co., 2929 River St., 
Saginaw, Mich. 

Grace, W. R., & Co., Cryovac Div., 62 
Whittemore Ave., Cambridge 40, 
Mass. 

yrace, W. R., & Co., Davison Chemical 
Div., 101 N. Charles St., Baltimore 
Md. 

srace, W. R., & Co., Hatco Chemical 
a King George Post Rd., Fords, 
race, W. R., & Co., Polymer Geanieals 

Div., 225 Allwood Rd., Clifton, New 

Jersey 

srand Haven Plastics Co., 5140 Marion, 
Grand Haven, Mich. 
srant & Roth Plastics, Inc., 2311 N.W. 

Johnson St., Portland 10, Ore. 

‘ray Co., Inc., 1060 Sibley St., N.E., 

Minneapolis 13, Minn 

srayhill Moldtronics, Inc., Clarendon 
Hills, Tl. 
reat American Plastics Co., 650 Water 

St., Fitchburg, Mass. 

‘reat Bay Chemicals & Plastics, Inc., 

Sub. of Cary Chemicals, Inc., 230 

Fifth Ave., New York 1, N. Y 

sreen Instrument Co., Inc., 385 Putnam 
Ave., Cambridge 39, Mass. 

sreene Plastics Corp., Canonchet Rd., 
Hope Valley, R. I 

sreene tay, & Co., 508 S. Byrne Rd., 
Toledo 9. Ohio 

yreenerd Arbor Press Co., 41 Crown 
St., Nashua, N. H 

TRE nie e Bros. & Co 9136 12th St . 
Rockford, Ill 


yreensboro Sales Dept ( has Pfizer & 
Co Inc., 2110 High Point Rd., 
Greensboro, N. C 

sreer Hydraulics, In 196 Grand 
Bly | We stbury N y 

sregstrom Corp., 14 Davis St., Cam- 
bridge 39, Mass 

reising Engineering Co., 400 Singley 
Ave., Runnemede, N. ] 

ries Re producer Corp , 28 Second St . 
New Rox helle, N. Y 

srieve-Hendry Co., Inc., 1350 N. Elston 
Ave . Chicago 99°. Il! 

sriffin, Campbell, Hayes, Walsh, Inc., 
50 | 2ist Street, New York 10. New 
York 

srigoleit Co., The, 740 E. North St 
Decatur, Ill 

sroov-Pin Corp., 1125 Hendricks Cause- 
way, Ridgefield, N. J 

sruenberg Electric Co., Inc., 9 Com- 


sa gu Avenue, Garden City, New 
York 


suild Electronics, Inc., Dynatherm 
Div., 388 Broadway, New York 13, 
N. Y 

ruild — TS, Inc., 42 Hayes St., Elms- 
ford, 


vulf Sy tal Petrochemical Sales Of- 
fice, 360 Lexington Ave., New York 
17, N. Y. 

Gulfstream Plastics, Inc., 3597 E. 10th 
Court, Hialeah, Fla. 
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Gulliksen, Wm. M., Mfg. Co., Newton 
Lower Falls 62, Mass. 

Gulton Industries, a 212 Durham 
Ave., Metuchen, N. J. 

Gump, B. F., Co., 1825 S. Cicero Ave., 
Chicago 50, Ill. 

*Gurey Mfg. Co., 342 Himrod St., Brook- 

lyn 37, N. Y. 

Gusmer, A., Inc., Upper Barron Ave., 
Woodbridge, N. J. 


H 


*H & R Plastics Industries, Inc., 344 E. 
Walnut St., Nazareth, Pa. 
H & T Machine Works, 11365 Humble 
Rd., Houston, Texas 
Haas Corp., The, Mendon, Mich. 
Hafleigh & Co., Buchanan, Va. 
Hale & Kullgren, Inc., 613 E. Tall- 
madge Ave., Box 1231, Akron, Ohio 
Halex Corp., Sub. of The Polymer Corp., 
2120 Fuimnent Ave., Reading, Pa. 
i“, Cc. P.. Ge of Illinois, The, 5245 
. 13rd - Chicago 38, Ill. 
Hi i. Joseph, Tool Co., 2121 W. Clear- 
field St., Philadelphia 32, Pa. 
Hall Mfg Corp., Route 17 at Powers Dr., 
Paramus, N. J. 
Haller, Inc., 16580 Northville Rd., 
Northville, Mich. 
Haller Plastics Corp., 38-40—10th St., 
Long Island City 1, N. Y. 
Hallikainen Instruments, 1341—7th St., 
Berkeley 10, Calif. 
Halogen Insulator & Seal Corp., 9960 
Pacific Ave., Franklin Park, Ill. 
Halsen Mfg. Co., Edgemont and Tioga 
Sts., Philadelphia 34, Pa. 
H sey, Inc., 40 Poplar St., Scranton 9, 


H liworfold Kwikprint Co., 700 E. 
Union, Jacksonville, Fla. 

*Hamac Hansella Maschinen GmbH, 
Diisseldorf, West Germany 

Hamilton Plastics, Inc., 6030 Northwest 
Highway, Chicago 31, IIL. 

Hamilton Tool Co., The, 917 Hanover 
St., Hamilton, Ohio 

Hampden Mfg. Co., Inc., Bridge St., 
Three Rivers, Mass. 

Handicraft Tools, Inc., Div. of X-acto, 
Inc., 48-41 Van Dam St., Long Is- 
land City 1, N. Y. 

Hankins Container Co., Div. of The 
Flintkote Co., 14801 Emery Ave., 
Cleveland 35, Ohio 

Hanley Plastics Co., Manchester Rd. at 
Summit Ave., St. Louis 17, Mo. 

Hanna Engineering Works, 1767 Elston 
Ave., Chicago 22, Ill. 

Hannifin Co., A Div. of Parker-Hannifin 
Corp., 554D S. Wolf Rd., Des Plaines, 
Il. 


Hanscom, H. F., & Co., Inc., 14 Vir- 
ginia Ave., Providence 5, R. I 
Hanson- Van Winkle-Munning Co., 
Church St., Matawan, N. J. 
Hanszen Plastics Co., 835 S. Good- 
Latimer Expressway, Dallas 10, 
Texas 
*Harchem Div., Wallace & Tiernan, Inc., 
25 Main St., Belleville 9, N. J 
Har-Conn Chrome Co., 603 New Park 
Ave., West Hartford 10, Conn. 
Harcort Mfg. Co., The, 446 W. Lake 
St., Ravenna, Ohio 
*Hardman, H. V., Co., Inc., 571 Cort- 
landt St., Belleville 9, N. J. 
Har-E-Dan Engravers, 3089 Fulton St., 
Brooklyn 8, N. Y. 


Harms, Perc. E., Co., 1739 Harding 
Rd., Northfield, Ill. 


Harrison & Co., Inc., 487 Groveland &, 
Haverhill, Mass. 

Harro Plastics Co., 817 E. 140th $, 
Bronx 54, N. 

*Harshaw Chemical Co., “The, 1945 FE. 
97th St., Cleveland 6, Ohio 

- “e Industries Co., 24955 Harper 

St. Clair Shores, Mich. 
scstboene Tool & Die Co., 817 NW. 
23rd Ave., Portland 10, Ore. 

Harte & Co., Inc., 16 E. 34th St., New 
York 16, N. Y. 

Hartford Machine Screw Co., Div, ¢ 
Standard Screw Co., P. O. Box 144) 
Hartford 2, Conn. 

Hartig Extruders, Waldron-Hartig Diy 
Midland-Ross Corp., P. O. Box 53], 
Westfield, N. J. 

Hartland Plastics, Inc., Hartland, Wis 

Harva — Inc., The, 100 Fair St., Scho. 
harie, N. Y. 

as te Guy P., & Son Corp., 40 Spruce 

Leominster, Mass. 
kHarwick Standard Chemical Co., 60 § 
Seiberling St., Akron 5, Ohio 

Hass: ” John, Inc., Box 2243, Westbury, 

N. 


kHsstiogs & Co., Inc., 2314 Market St, 
Philadelphia 3, Pa. 

Hastings Plastics, Inc., 1704 Colorado 
Ave., Santa Monica, Calif. 

Haveg Industries, Inc., 900 Greenbank 
Rd., Wilmington 8, Del. 

Haveg Industries, Inc., Blow Molding 
Div., Chimney Rock Rd., Bound 
Brook, N. 

Haveg Industries, Inc., Taunton Div, 
836 Weir St., Taunton, Mass. 

Hawley Products Co., 333 N. 6th St, 
St. Charles, Til. 

*Havden Mica Co., Main St., Wilming- 
ton, Mass. 

Haynes, C. W., Laboratories, Inc., 6 
Chandler St., Springfield 4, Mass. 
Hays Mfg. Co., 801 W. 12th St., Erie, 

Pa. 

Header Tool Co., 24474 Telegraph Rd 
Southfield, Mich. 

Hedrix, Frank, Co., 14908 Verdura Rd, 
Paramount, Calif. 

Heil Process Equipment Corp., 12901 
Elmwood Ave., Cleveland 11, Ohio 

Heine Industries, Inc., Route 3, Box 58, 
Freeport, Ii. 

Heisler Corp., P. O. Box 1648, Wilming- 
ton 99, Del. 

Helicoid Gage Div., American Chain & 
Cable Co., Inc., 929 Connecticut Ave, 
Bridgeport 2, Conn. 

Helmac Plastics, Inc., 10860—49th St, 
N., Pinellas Park, Fla 

Helmuth Tool & Die Co., 5 Sherman St, 
Linden, N. J. 

Hendrick Mfg. Corp., 11 Selman St, 
Marblehead, Mass. 

Henley & Co., Inc., 202 E. 44th St, 
New York 17, N. Y. 

Henschel - Werke G.m.b.H., Henschel- 
str. #2, Kassel, West Germany 
Heppenstall Co., 4620 Hatfield St., Pitts 

burgh 1, Pa. 

Herbert Products, Inc., 74-32 Jamaica 
Ave., Woodhaven 21, N. Y 

Hercules Powder Co., Inc., 900 Market 
St., Wilmington 99, Del. 

Hercules Powder Co., Inc., Explosives 
Dept., Wilmington 99, Del. 

Herculite Protective Fabrics, 661-4 
St., Newark 7, J. 

Heresite & Chemical Co., 822 S. 14th 
St., Manitowoc, Wis. 

Hermes Engravers, .% 154 W. 1b 
St., New York 11, N. Y. 

Hermes Plastics, Souk: ‘7a W. 14th St, 
New York 11, N. Y. 
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Hermes-Sonic Corp., 13-19 University 
Pl., New York 3, N. Y. 

Hero Mfg. Co., Inc., 15 Diss St., Mid- 
dleboro, Mass. 

*Hess, Goldsmith & Co., Inc., 1400 
Broadway, New York 18, N. Y. 

Hexcel Products, Inc., 2332 Fourth St., 
Berkeley 10, Calif. 

Hexcel Products, Inc., Applied Plastics 

130 Penn St., El Segundo, 


Heyden Chemical Div., Heyden New- 
port Chemical Corp., 842 Madison 
Ave., New York 17, N. Y. 

High Point Chemical Co., Inc., 22 Sint- 
sink Drive E., Port Washington, N. Y. 

High Strength Plastics Corp., 1401-17 
W. Jackson Blvd., Chicago 7, Il. 

High Vacuum Equipment Corp., 2 
Churchill Rd., Hingham, Mass. 

High Voltage Engineering Corp., S. 
Bedford St., Burlington, Mass. 

Hilton-Davis Chemical Co., Div., The, 
2235 Langdon Farm Rd. Cincinnati 
13, Ohio. 

Hinchman Mfg. Co., Inc., 259 First 
Ave., E. Roselle, N. J. 

Hinde & Dauch Div., West Virginia 
Pulp & Paper Co., P. O. Box 861, 
Sandusky, Ohio 

Hirtz, Walter E., Plastics Materials, Inc., 
85 W. Colorado St., Pasadena 3, Calif. 

*Hobbs Mfg. Co., 26 Salisbury St., Wor- 
cester 5. Mass. 

Hob-Masters, Inc., 4412 S. Lawndale 
Ave., Lyons, Il. 

*Hochman Plastics Machinery Corp., 
151-E Mulberry St., Newark 2, N. J. 

Hodgman Rubber Co., Tripp St., Fram- 
ingham, Mass, 

Hoffman Industries, Inc., 345 E. Main 
St., ee Arbor, Mich. 

*Holland, Co., 956 W. Huron St., 
Chicago >. Til. 

Hollis Press, Inc., The, 309 E. 22nd St., 
New Yx wrk 10, N. Y. 

Hollywood Mills Meta Lite Corp., 72 
Fifth Ave., New York 11, N. Y. 

Hollywood Plastics, Inc., 4560 Worth 
St., Los Angeles 63, Calif. 

Holman Mfg. Co., Inc., John St., Hoo- 
sick Falls, N. Y. 

es, Stanley H., Co., 4601 N. Ron- 

Ay Chicago 31, Ill. 

n, Lee, Injection Molding, Inc., 
53 Orchard St., Clifton, N. J. 

Homalite Corp., The, 11-13 Brookside 
Dr., Wilmington 4, Del. 

*Hommel, O., Co., P. O. Box 475, Pitts- 
burgh 30, Pa. 

Hooker Chemical Corp., Chemical Div., 
39 Iroquois St., Niagara Falls, N. Y 

*Hopp Plastics, Div. of The Hopp Press, 
Ir 160 W. 34th St., New York 1, 
N. Y 

Hopple Plastics, Inc., 
Cincinnati 17, Ohio 

Horkey-Moore Associates, Plastics Div., 
24600 S. Crenshaw Blvd., Torrance, 
~alif 

Hotwatt. Inc.. 
Mass. 

a udry Process Corp., 1528 Walnut St., 

hilad Iphia 2, Pa. 

Ho thton, E. F., & Co., 303 W. Lehigh 

Phil :delphia 33, Pa. 

Raw Plastics Products, Inc., 7006 
Burkett St., Houston 21, Texas 

Houze Glass Corp., Point Marion, Pa. 

Howard Moldings, Inc., 2600 Grand 
Ave., Kansas City 3, Mo. 

Huber, J. M. Com, 630 Third Ave., 
New York 17, 

Hudson Cush-N- ty Corp., 309 River 
Rd., Edgewater, N. 5. 


kIndicates Advertiser 


It 


5163 Kieley Pl., 


75 Maple St., Danvers, 


Hughes Glue Co., 3500 St. Aubin, De- 
troit 7, Mich. 
a Plastics, Inc., 713 Pleasant St., 
oseph, Mich. 


Hell orp., Hatboro, Pa. 


Hummel Chemical Co, Inc., 90 West 
St., New York 6, N. ¥. 

Hungerford Plastics Corp., Hanover 
Ave., Morristown, N. J. 

Hunt, Rodney, Machine Co., 180 Mill 
St., Orange, Mass. 

Hupp Engineering Assoc., P. O. Box 
$290, Sarasota, Fla 


*Hurlbut Paper Co., © ten ttee 


Husky Mfg. & Tool W eo (Ont.), Ltd., 
200 Bentworth Ave., Toronto 19, 
Ont. 


Hyde Co., A. L., Main St., Grenloch, 


N., J. 
*Hydraulic Press Mfg. Co., The, A Div. 


of Koehring Co., Marion Rd., Mt. 
Gilead, Ohio 

Hydrawlik Co.,. 131 E. Ist Ave., Ro- 
‘selle, N. 

Hydro Molding Co., Inc., 100 Sharron 
Ave., Plattsburg, N. Y. 

Hy-Sil’ Mfg. Co., Spring & Prospect 
Aves., Revere 51, Mass. 


*Hysol Corp., Olean, N. Y. 


I-V Die Mold Co., 


100 Walnut St., 
Peoria, Il. 


*1L.C.I. (Hyde), Ltd., Sub. of Imperial 


Chemical Industries, Ltd., Newton 
Works, Hyde, Cheshire, England 
IMC Magnetics Corp., 570 Main St., 
Westbury, N. Y. 

Iddon Bros., Ltd., Quin St., Leyland, 
Lancashire, England 

Ideal Fishing Float Co., Inc., 2001 E. 
Franklin St., Richmond 3, Va. 

Ideal Plastics, Div. of Ideal Toy Corp., 
184-10 Jamaica Ave., Hollis 23, N. Y. 

Identification Service “ek — Ww. 
46th St., New York 36, N 

Ilinois Plastic Molding & Mée. 2934 
W. Medill Ave., Chicago 47, Ill. 

Illinois Testing Laboratories, Inc., 420 
N. LaSalle St., Chicago 10, IIl. 

Imperial Adhesives, Inc., 6315 Wiehe 
Rd., Cincinnati 13, Ohio 


*Imperial Chemical Industries, Ltd., 


Imperial Chemical House, Millbank, 
London S.W.1, England (U. S. Dis- 
tributor: J. B. Henriques, Inc., 521 
Fifth Avenue, New York 17, N. Y.) 


* Imperial Color Chemical & Paper Dept., 


Hercules Powder Co., Inc., Lower 
Warren St., Glens Falls, N. Y 

Imperial Industries, Inc., 4436 Walker 
Ave., Wayne, Mich. 


*Imperial Molded Products Corp., 2856 


W. Harrison St., Chicago 12, Ill. 


Imperial Tool & Die Co., 1198 Adams 
Ave., Philadelphia 24, Pa. 


*Improved Machinery, Inc., 150 Burke 


Nashua, N. H. 
Independent Die & Supply Co., 2641 
LaSalle St., St. Louis 4, Mo. 
Independent Machine Co., The, Mun- 
roe Falls Ave., Cuyahoga Falls, Ohio 
Indiana Commercial Filter Corp., 
Lebanon, Ind. 

Industrial Coatings Co., 907 Roose- 
velt Ave., York, Pa. 
Industrial Development 
Inc., 982 River Rd., 

N. J. 


Laboratories, 
Edgewater, 


Industrial Devices, Inc., 982 River 
Rd., Edgewater, N. J. 
Industrial & Domestic Silicones Dis- 
a 19547 Victory Blvd., Reseda, 
alif. 


Industrial Engineering Service, Wash- 
ington St., $. Easton, Mass. 

Industrial Hard Chromium Co., 7 
Rome St., Newark 5, N. 


J. 
*Industrial Heater Co., Inc., 417 Canal 


St., New York 13, N. Y. 
Industrial Late x, 306 Mt. Pleasant Ave., 
Wallington, N. J. 


es Mfg. Corp., 31 E. Georgia 


Indianapolis 4, ind. 
industrial Mz arking Equipment Co., 
Inc., 655 Berriman St., Brooklyn 8, 


N. Y. 
Industrial Molded Products Co., Inc., 
Highway 53 at U.S. 14, Pal: atine, i. 
Industrial Nucleonics Corp. 650 Acker- 
man Rd., Columbus 2, Ohio 


* Industrial Ovens, Inc., 13825 Triskett 


Rd., Cleveland 11, Ohio 

Industrial Plastic Co., 
Lane, Metuchen, N. j. 

Industrial Plastic Coating Corp., 108 
Beckwith Ave., Paterson, N. 

Industrial Plastic Fabricators, Endi- 
cott St., Norwood, Mass. 

Industrial Plastic Molders, Inc., 680 W. 
18th St., Hialeah, Fla. 

Industrial Plastic Supply Div., Indus- 
trial Safety Supply Co., Inc., 574 
New Park Ave., W. Hartford 10, 
Conn. 

Industrial Plastics Corp., 816 W. 
Beardsley St., Elkhart, Ind. 

Industrial Plastics & Equipment Co., 
116 Main St., Orange, N. J. 

Industrial Plastics, Inc., 1351 W. 73rd 
St., Cleveland 2, Ohio 

Industrial Plastics, Ltd., 93 Regent St., 
London W.1, England 

Industrial Printed Parts Corp., 4262 N. 
Woodward Ave., Royal Oak, Mich. 


216 Tingley 


*Industrial Research Laboratories, 961 


E. Slauson Ave., Los Angeles 11, 
Calif. 

Industrial Sales Engineers, 511 Fifth 
Ave., New York 17, N. Y. 

Industrial Shredder & Cutter Co., 124 
Mill St., Salem, Ohio 

Industrial Transparent Products Corp., 
79 Mill Rd., Freeport, N. Y. 

Industrial Vibrator: & Machinery Co., 
1485 Bayshore Blvd., San Francisco, 
Calif. 

Industrial Vinyls, Inc., 5511 N.W. 
37th Ave., Miami 42, Fla. 

Industrico, Inc., 114 E, 40th St., New 
York 16, N. Y. 

Infra-Red Systems, Inc., 
Riverdale, N 

Ingersoll- Rend Co., 11 Broadway, New 
York 4, N. Y. 

Ingwersen Mfg. Co., Inc., 1870 S. 
Acoma St., Denver 23, Colo. 

Injection Control Corn., 677 S. Eton 
Rd., Birmingham, Mich. 


2940 Route 23, 


*Inijection Molders Supply Co., 17601 S. 


Miles Rd., Cleveland 28, Ohio 
Iniection Molding Co., 75th & Cleve- 
land Sts., Kansas City 30, Mo. 


a Molding Corp., 115 Fourth 


, New York 3, N. Y. 
neni S, om G., Corp., 10 E. 40th St., New 
York 16, N 
Instron Engineering Corp., 2500 Wash- 
ington St., Canton, Mass. 


*Instrument Development Laboratories, 


Inc., 67 Mechanic St., Attleboro, 


Mass. 
Insulating Fabricators Co., Inc., 150 
Union Ave., E. Rutherford, N. J. 
Insulating Fabricators of New England, 
Inc., 69 Grove St., Watertown 72, 
Mass. 

Insulation Mfg. Co., Inc., 11 New York 
Ave., Brooklyn 16, N. Y. 

Insulation Products Co., P. O. Box 
5679, Pittsburgh 8, Pa. 





Inta Roto Machine Co., P. O. Box 454, 
Richmond 3, Va. 

Interchemical Corp., Coated Fabrics 
Div., 837 a St., Toledo 1, 


Ohio 
Interchemical Corp., Color & Chemicals 
Englewood, 


ag 183 William St., 
7 or Corp., Color & Chemi- 
cals Div., 0 Wagaraw Rd., Haw- 


thorne, N. 
Interchetnical Finishes Div., 
p Sena S 5, N. Din 


See tbWhoree t, 
Interchemical Corp., 
67 W. 44th St., New mans 36, N 
International Balsa Corp., 100 
Ave., Jersey City 4, N. J. 
*International Basic ‘Economy Corp., 
The Sinclair-Collins Valve Co. Div., 
454 Morgan Ave., Akron 11, Ohio 
International Eastern Co., 801 Sixth 
Ave., New York 1, N. Y. 
International Engineering, Inc., 1266 
lander Ave., Dayton 1, Ohio 
International Engraving Corp., Grove 
& Rutgers Aves., ar Grove, N. J. 
a Filler Corp., 100 Bridge 
N. Tonawanda, N. Y. 
Internationa Paper Co. 220 E. 42nd 
New York 17, , a 
naneaieal Plastic 4 1950 Third 
Ave., New York 29, N. Y. 
International Shoe Machine Corp., 1380 
Soldiers Field Rd., Boston 35, Mass. 
International Textile Co., 2600 N. 
Pulaski Rd., Chicago 39, Ill. 
International Ultrasonics, Inc., 331 Cen- 
tennial Ave., Cranford, N. F 
Intraplast Mfg. Co., 401 roadway, 
New York 13, N. Y. 
*Irvin, Jewell & Vinson Co., The, Div. 
of The Hooven & Allison Co., 938 
E: 2nd St., Dayton 2, Ohio 
Island Equipment Corp., P. O. Box 
380276, Miami 38, Fla. 
Isochem_ Resins Corp., 221 Oak St., 
Providence 9, R. 
Isocyanate AYA Inc., 900 Wil- 
mington Rd., New Castle, Del. 


J 


]&B Pisstics Co., Inc., 410 N. Depot, 
Fairfield, Iowa 

J] M C Ca., Ls Frelinghuysen Ave., 
Newark 5, N. J. 

Jaco Products Co., 2150 St. Clair Ave., 
Cleveland 14, Ohio 

*Jacobs, H. G., Mfg. Co., Inc., 162 Lyn- 
wood Ave., , Fetesson 2, N. 7. 

Jacobson, S. Mfg. Co., 1414 S. Wa- 
bash Ave., Cnet 5, il. 

joes Industries, Inc., Box 486, Paoli, 

a. 

Jamestown Finishes, Inc., ; Black- 
stone Ave., Jamestown, , 

Jamison Plastic Corp., 1255 ewtitiles 
Rd., N. Bellmore, N. Y. 

Japan Die & Tool Manufacturers Ex- 
port Co., Ltd., 22 Onnazuka, 4 
chome, Ohta-ku, Tokyo, Japan 

Japan Steel Works, Ltd., The, 12, 
1-chome Yurakucho, Chiyoda-ku, To- 
kyo, Japan 

Java Latex & Chemical Corp., 1713 
W. Farms Rd., New York 60, N. Y. 


Jay Moulding Corp., 7 Bridge Ave., 
Cohoes, N. Y. 


Jay, T. V., Co., 1769 W. Sunnyside 
Ave., Chicago ‘40, Ill. 


Jayron Corp., 300 Hamilton St., Leo- 
minster, Mass. 

Jefferson Chemical Co., 
Ave., Houston 2, Texas 


% Indicates Advertiser 


1121 Walker 
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Jema- aoiom, Inc., 181 South St., 
Newark 5, N 
En gineering Co., 3444 Lud- 
e-) % Philadelphia 4, Pa. 
Jersey City Foam Products Co., 26 
Cornelison Ave., Jersey os 4, N. 1g 
Jersey Plastic & Die Cast 14 
155 Shaw Ave., Irvin ~ Ir "N. 
*xJessall Plastics, Div. of The E 
Storage Battery Co., 889 Farmington 
Ave., Kensington, Conn 
Jet Specialties Co., Inc., 941 N. East- 
ern Ave., Los Angeles 63, Calif. 
Joanna Western Mi os $141 S. Jef- 
ferson St., Chicago 3: 
Joclin Mig. < Sey Es Ave., Wal- 
lingford, Co 
Jodee Plastics, wine: 36 Crescent St., 
Brooklyn Y. 
#Johns-Manville 22 E. 40th St. New 
York 16, N. Y. 
Johnson i Plastic Corp., 5248 
Elston Ave., China o 30, Il. 
* Johnson Machinery Co., 90 Elizabeth 
Ave., Elizabeth, N. 
*Johnson Mfg. Co., Inc. Highway 178, 
Chippewa Falls, W 
Johnstone Deena - Machine &. 
First Ave. & Gay St., Parkesburg, 
Jollet Plastic, Inc., 15 S. Joliet, Ping 


Jones Motrola Corp., 432 Fairfield Ave., 
Stamf 


ord, Conn. 
*Jones-Dabney Co., 1481 S. llth St. 

lounge Ky. 
Co., 2., Inc., 64 E. 8th St., 


. 
Jordan, B 
New York 3, 
*Judelshon, aay L., Inc., 404 Tonnele 
i. P. O. Box 6875, "Jersey City 6, 


Just et - Dyckman St., 
New York 34, 


K & M Plastic Co., 510 St. Charles Rd., 
Maywood, IIL. 

K-S-H Plastics, Inc., High Ridge, Mo. 

KVP Sutherland Paper Co., Kalamazoo, 


Mich. 
*Kabos Mfg. Corp., 180-B Babylon 
Turnpike, Roosevelt, N. Y. 
Kage Co., Elm St., Manchester, Conn. 
Ka Plastics, os P. O. Box 236, Bea- 


verton, Mich 
Kocaneme Plastics Co., 1811 Factory 
Kalamazoo, Mich. 

Kalwall Cor. 43 Union St., Manches- 
ter, N. 

Kamlar Products &. » URE Washington 
St., Norwood, 

Kapgo Plastics Paar 206 W. Bridge 
St., Manchester, N. H. 

Karlstad, Andrew C., 4146 Ventura 
Canyon Ave., Sherman Oaks, 

es ey Machinery 210 E. Ohio 

Chicago 11, Il. Rep. for Becker 
ry Van Hii m) 

Kato Seisakusho Co., Ltd., 70, 4-chome, 
Higashi Magome Ohta-ku, Tokyo, 
Japan 

Kaufman Glass Co., Plastic Div., 1209- 
21 French St., Wilmington 99, Del. 

Kaumagraph Co., 14th & Poplar Sts., 
Wilmington 99, De Del. 

*Kautex-Werke Reinold Hagen, Hange- 
lar ins Siegburg, West Germany 
U. Distributor: Kautex Machines, 
ine, 536 E. Elizabeth Ave., Linden, 

*Kay Machine Co., ~_ 132 Paterson 
Ave., _ Rutherford, N 

1200 


Kaye, vag = Mf Co., 
Ma Bay Tg cs, Mfg. Co, 


- f , 4407 S. B 
re Toe ‘co. aa 


Kay-Fries Chemicals, Inc., a Madi. 
son Ave., New York 16 


Inc., 4301 §: Broad 
Yardville, N 


- J. 
ae & Long, he 167 Maple St, 
Waterbury, 
Keen-Edge Carbide Cutter Corp., 215 
W. Clay Ave., Roselle Park, N. 
Hy He Co., 437 N. Broa ‘St, 
Krtedehiie 8, Pa. 
sary | Instruments, Inc., nee Eu 
., Cleveland 6, O 
Keller ucts, .* 41 Union St, 
M 


Ke George A R. R. #3, §, 
a St. Rd., tienicia i ‘ 
— Co., ’s. Maine, Middlefield 
a4 Co., 1001 N. 10th, Terre Haute, 


Kennerley-S eatties, Inc., 1456 Fourth 
St., Berkeley 1 Calif. 
57-02- 


Kenrich Petvochericals, a 
48th St., M th 78, N. Y. 
*Kensol-Olsenm in "124 White St, 
New York 13, N. Y. 
Kent Plastics Corp., 1528 N. Fulton 
Ave., Evansville 10, In 
*Kentucky Color & Chemical Co., Div. 
e Harshaw Chemical Co., 600 
N. 34th St., Louisville, Ky. 
Kenwood Plastics, 5200 River Road, 
Washington 16, D. C. 
= Plastics, inc., 2731 N. Pulaski 
, Chicago 39, 
Ken Industries, 5 5446 Satsuma Ave., N. 
Hollywood, Ca 
Kerrco, Box “178. i ravelock Sta., Lin 
coln 7, Neb. 
Kessler Chemical Co., Inc., State Rd 
& Cottman Ave., Philadelphia 35, Pa. 
Ketchpel Engineering Co., 1401-05 
Palisade Ave., W. Englewood, N. J 
oe Corp., 135 Bradford sf 


a Fibre ¢ Co., qo Ave., Water 


~- oe + ~ * Gerview, ine 555 
Warren eT Phill ipsburg, N 
lastics, a * 280 ie 
ve., a 8,N 
Keystone Refining Co., ” Inc., 4821-31 
arden St., Philadelphia —. Pa. 
*Killion Tool & Mfg. Co., 
Verona, N. 
Kimball Mfg. ‘Corp., Harbor & Mil 
Sts., San Rafael, Calif. 
Kimberly-Clark Corp., Neenah, Wis. 
Kingman, E. B., , 96 Exchange St, 
Leominster, Mass. 
Kingsbacher Murphy Co., 9830 Bel 
lanca Ave., Los Angeles 45, Calif. 
a Machine Co., 850 Cahueng 
vd., Hollywood 38, Calif. 
Kinney Vacuum Div., The New York 
Air Brake Co., 3529 Washington St, 
Boston 30, Mass. 
Kirk, F. J., Molding Co., Inc. 1 
Brook St., Clinton, Mass. 
Kish Industries, Inc., 1301 N. Turner 
St., Lansing 6, Mich. 
Kleen-Stik Products, Inc., 7300 W. Wi 
son Ave., Chicago 31, 


Kleestron, Ltd., W. Halkin St., London, § 


England 
*Kleinewefers, Joh. Séhne, Kleinewef 
ersstr., Krefeld, West Germany 
os Epoxy Corp., Div. of Hapmaa 
Corp., 12330 E. Jefferson, Detroit 15, 
Mic 
Klise Mfg. Co., 50 Cottage Grove St, 
Grand Rapids 2, Mich. 

Klisey Engineering Co., 4407 Unio 
Pacific Ave., et bain 23, Calif. 
Knoedler Chemical Co., 651 High St, 

Lancaster, Pa. 
Knowlton Bros., Inc., Watertown, N. ¥. 





F 


oat 1 — oad 
uae 


Knuth Engineering Co., 2617 N. St. 
Louis St., Chicago 47, cin 

Koch, H., & Sons, Inc., Highway 101, 
Corte Madera, Calif. 

Kohler-Joa Corp., Sheboygan Falls, 
Wis. 

Kohnstamm, H., & Co., Inc., 161 Ave. 
of the Americas, New York 13, N. Y. 

Kolker Chemical Corp., 600 Doremus 
Ave., Newark 5, N. J. 

Koller Craft Phatic Products, Inc., 
a. Reicmitiins Dy 
Koppers nc., emi e- 
stuffs Div., Koppers Bldg., Pittsburgh 

19, Pa. 

*Koppers Co., Inc., Plastics Div., Kop- 
pers Bldg., Pittsburgh 19, Pa. 

Koppers Co., Inc., Plastics Div., Du- 
rethene Plant, 7001 W. 60th St., 
Chicago 38, ti. 

a ee Co., Inc., Tar Products Div., 
Koppers Bid dg., Pittsburgh 19, Pa. 

Kordite Co., Macedon, , ® « 

#Korris Products, Inc., 4400 Lawndale 
Ave., Lyons, tl. 

*Krafelt Co., 237 Lancaster Ave., Dev- 
on, Pa. 

Kraissl Co., Inc., The, 299 Williams 
Ave., Hackensack, N N. J. 

Kraloy-Chemtrol Co., 402 W. Central 
Ave., Santa Ana, Calif. 

Kramer, H. W., Co., Inc., 120-30 Ja- 
maica Ave., Richmond Hill 18, N. Y. 

Krauss-Maffei A.G., Munich-Aliach, 
West Germany 

Kreidl Chemico Physical Co., The, 
Hope, N. J. 

Kreier, Jr., George, Inc., 1524 Cam- 
bridge St., Philadelphia 30, Pa. 

*Krieger Color & Chemical Co., Inc., 
6531 Santa Monica Blvd., Holly- 
wood 38, Calif. 

Kroll Equipment Co., 620 W. Fulton 
St., Chicago 6, Ill. 

Kuhlman Plastics Co., Inc., 3734 Gard- 
ner Ave., Kansas City 20, Mo. 

Kuhn & Jacob Molding & Tool Co., 
1200 Southard St., Trenton 8, N. J. 

Kunst, John, Co., The, 41 Murray St., 
New York 7, N. Y. 

*Kurz-Kasch, Inc., 1421 S. Broadway, 
Dayton 1, Ohio 

Kusan, Inc., 3206 Belmont Blvd., Nash- 


ville, Tenn. 
Kuss, R. L., & Co., Findlay, Ohio 


Kwik-Mold Plastic Cor. 185 Randolph 
St., Brooklyn 37, 


L 


L. M. Plastics Co., Inc., 306 North 
Park, Lake Mills 1, Iowa 
L & P Tool Co., 2861 Sidney Ave., Cin- 
cinnati 25, Ohio 
Labelon Corp., Canandaigua, N. Y. 
Lacquer Specialties, Inc., 249 Avenue 
P, Newark 5, N. J. 
*Lake Asbestos of Quebec, no. 120 
Broadway, New York 5, N 
*Lake Chemical Co., 3052 hy Carroll 
Ave., Chicago 12, Iil. 
Lake Engineesin Co., 310 Gostlin St., 
Hammond, Ind. 
Lake Erie Mostinery ene P. O. Box 
68, Buffalo 17, N 
_ Erie Plastics, ny 140 Woodbury 
, Elyria, Ohio 
ut. Mfg., Inc., Plastics Div., 1977 
S. Allis St., ‘Milwaukee Se Wis. 
Lakeside Plastics Co., Inc., P. O. Box 
1007, Oshkosh, Wis. 
*Lamart Com 16 Richmond St., Clif- 
on 
Lamco, Inc., Lampasas, Texas 
& Indicates Advertiser 


*Lawter Chemicals, 


Lamex, Inc., Norcross, Ga. 

Lamicell Engineering, 122 W. 10th, 
Baxter Springs, Kan. 

Laminair, Inc., 18530 S. Broadway, 
Gardena, 

Laminar Corp., 374 W. Putnam Ave., 
Greenwich, Conn 

Laminated Fiberglass Corp. of Amer- 
ma 1158 Broadway, New York 1, 


Laminated Sheet Products Corp., 449 
Neponset St., Norwood, Mass. 
*Laminations, Inc., 1008 S. Irving Ave., 
Scranton, Pa. 
Lami-Plast Products Co., 4701 Wishart 
Blvd., Tampa 3, Fla. 
Lamtex Industries, Inc., Motor Ave., 
Farmingdale, N. Y. 
Lanair Co., 236 W. North Ave., Chi- 
cago 10, Ti. 
Lancaster Chemical Corp., Broad & 
13th Sts., Carlstadt, N. J. 
Landers-Segal . Co., 78 Delavan 
St., ~~. yn 31, N. Y. 
& Co., Inc., 250 W. 57th 
1. "York 19, N. ¥. 
me! Die Cutting Corp., 473 Presi- 
dent St., Brooklyn 15, Y. 
Lape r Plastics, Inc., 2214 Franklin 
Ma age Wis. 
4 Mfg. Co., 1149 W. Baltimore 
Detroit 2, Mich. 
220 Beechwood, 


Laramy Products Co., 
Cohasset, Mass. 

— mW, T., & Associates, Inc., 

Late Steel Co., Latrobe, P.: 

Laurel Plastics, inc., 1501 Pillen St., 
Asb Le 'N. J. 

Laurie m Products, ie, 1816 Bos- 
ton Rd. New York 60, N Y. 

Lavorazione Materie Plastiche, S.AS., 
Nicomede Bianchi 72, Torino, Italy 

Lawrence Adhesive & Chemical Co., 
Inc., 19 S. Canal St., Lawrence, 
Mass. 

Lawrence Packaging Supply Co., 859 
Summer Ave., Newark 4, 

Lawson Co., The, Div. of Miehle-Goss- 
Dexter, Inc., 2011 Hastings St., Chi- 
cago 8, Til. 

Lawson ‘Petting Machine Co., 4453 
Olive, St. Louis 8, Mo. 

Inc., 8550 Touhy 
Ave., Chicago 45, Til. 

Lawter Chemicals, Inc., Krumbhaar 
Resin e 24 Jacobus Ave., S 
Kearny, 


N. J. 
*Lawton, 6. A. Co., The, 233 N. Broad- 
way, De Pere 1, Wis. 
Lea Mfg. Co., The, 16 Cherry Ave., 
Water 20, Conn. 
Leaf Plastics, Inc., 135 Woodworth 
Ave., Yonkers, N. Y. 
Leathertone, Inc., 12 Medford St., Bos- 
ton 14, Mass. 
Lebec Chemical Corp., 14066 S. Gar- 
field Ave., Paramount, ; 
Lee Deane Products, Inc., 15511 S. 
ss Rd., Santa Fe Springs, 


Lee Machinery o-, 28 W. 23rd St., 
New York 10, N 
Leedpak, Inc., 
York 19, 
Leeds & ATs Co., * no Stenton 
m.. Philadelphia 44, Pa. 
aie Inc., 160 Ellicott St., 
a alo 3, N. Y. 
Leepoxy Plastics, Dawkins Rd., New 
Haven, ; 
Lehigh Chemical Co., Chestertown, Md. 
*Lehmann, J. M., Co., Inc. Wm. R. 
qarorp = s & Sons ~% _ New York 


c, 24 7, 58th St., New 


Leiman Bros., go Ms ‘een Christie 
St., Box 1339, Newark 1, N. 


*Lembo Machine Works, Inc., 248 E. 
17th St., Paterson 4, N. j: 
ae Coal ie — 
w 1as 


Ind 5490 Dun- 
, Bedford, Ohio 
Lenco, Inc., 350 W. Adams St., Jack- 
son, Mo. 
Leominster Tool Co., Inc., 272 Whit- 


1 M 
Leon Chemi Industries, ” Ine. * 
Cente Ave., S.W., Grand athe 


Mi 
Leon Machine & Raginocring Co., 61 
Whittaker St., Riverside, N. J. 
Lepel High Frequency Laboratories, 
foe, _~ 18—37th Ave., Woodside 77, 


Ladle” Son oa Leslie Bldg., Lynd- 
hurs 


* Lester Sen ring Co., 2711 Church 
Ave., ete 13, Ohio 
Lever M ee 120 W. 3lst St., 
New ve.° 1,N 
Levey, Harold A., , Pre 8127- 
33 Oleander St., New Orleans 18, 


La. 
Lewis, G. B., Co., 3426 Montgomery 
St., Watertown, Wis. 
Lewis, Be Co., The, Plastic Prod- 
, Beaver Falls, N. Y. 
tome Wellin & Engineering Corp 
100 Northfield Rd., Bedford, Ohio” 
Lewis-Shepard Products, Inc., 125 Wal- 
nut St., Watertown 72, Mass. 
Libbert "Plastics, Inc., 5331 White 
Settlement Rd., Fort Worth 14, Texas 
Libbey Plastics, ‘Inc., Sub. of Owens- 
ee | Glass Co., Box 548, Lake 
ity, P: 
Liberty Engineering & Mfg. Co., 1417 
W. Ormsby Ave., Louisville 10, Ky. 
*Liberty Machine Co., Inc., 275 Fourth 
Ave., Paterson 4, N. J. 
Liberty Plastics Co., 50 Grant St., 
Woodstown, N. 
*Liberty Tool & Machine, Co., 18 S. 
20th St., Irvington 11, N. J. 
Lichtig, Elek, 128 W. ‘o3rd St., New 
York 11, N. Y. 
Life Plastics, Inc., x Lexington Ave., 
Brooklyn 21, N. 
Lignum ‘Chemical Works 37-10 
Review Ave., Long i City 1, 
N. Y. 
Lincoln Engineering Co., 


4010 Good- 
fellow, St. Louis 20, Mo. 
*Lincoln Molded Plastics, Inc., Clinton 
& Corwin, Circleville, Ohio 
Lind Plastic Products, Inc., 6900 N. 
Central Park Ave., ‘Chicago 45, Il. 
Linder, D., Plastics, Inc., 1825 Rasp- 
berry St., Erie, Pa. 
Linehan & Co., 2062 Irving Blvd., 
Dallas 7, Texas 
*Liquid Nitrogen see Corp., 415 
King St., Malvern, Pa. 
Lithgow Corp., 2316 San Fernando 
i. Los Angeles 65, Calif. 
Littleford Bros., ips. 453 E. Pearl St., 
res ah :. 
Litzler, C. ai 235 Brook- 
park Rd., ‘Cleveland 9, Ohio 
Livingstone Coating Corp., 709 W. 
Third St., Charlotte 8, N. C. 
Lodge & Shipley Co., The, 3055 Cole- 
rain Ave., » eae 25, Ohio 
Loeser, E. Co., 1356 Genesee St., 
Buffalo iY WY. 
*Logan Hydraulics, Inc., 4901 W. Law- 
rence Ave., Chicago 30, 
Bros. Co., 3118 W. Bur- 
igh St., Milwaukee 45, Wis. 
Div., Bee Chemical Co., 2700 E. 
70th St., Lansing, Ill. 
Loma Industries, 3000 W. Pafford, Fort 
Worth 10, Texas 





Lombard Corp., Empire Bldg., Youngs- 
town 3, Ohio 
*Lombard Governor Corp., Main St., 
Ashland, Mass. 
London & Scandinavian Metallurgical, 
Ltd., Wellington Rd., London S.W. 


19, England 
Lone Star Boat Co., 1930 E. Main St., 
Texas 
124 Rob- 


Grand Prairie, 

Lone Star Plastics Co., Inc., 
erts Cutoff Rd., Fort Worth, Texas 

Long & Co., Inc., 4135 Hayward Ave., 
Baltimore 15, Md. 

Long, Thomas bi Inc., 215 Stonehinge 
Lane, Carle Place, New York 

Loomis agnewing '& Mfg. Co., #22, 
Route 46, Caldwell, N. J. 

Loranger Mfg. Corp., 12-38 Clark St., 
Warren, Pa. 

Lord Chemical C orp., Sub. of Wheela- 
brator Corp., 2068 S. Queen St., 
York, Pa. 

*Lor-El Co., 252 Paterson Plank Rd., 
Jersey C ity 7, N. 
Lorraine Plastic In ustries, Route 33, 


Robbinsville, 
Lowe Paper Co., Ridgefield, 
*Lucidol Div., Wallace & Tiernan, Inc., 
1740 Military Rd., Buffalo 5, N. Y. 
Ludascher, William C., 1110 Beverly 
Rd., Eddington, Pa. ; 
Ludlow Plastics, Rosemary St., Need- 
ham Heights 94, Mass. 

Lukens Laboratories, Inc., 227 Cali- 
fornia St. Newton, Mass. 
Lumar Optical Mfg. Co., Inc., 

Terrace Ave., 
Lumelite Corp., 
ing, N. Y. 
Lunn Laminates, Inc. 
& W. Ilth St., 
N. Y. 

*Lupoline Automatic Polishing Equip- 
ment Corp., 4510 Bullard Ave., 
Bronx 70, N. Y. 

Lusteroid Container Co., Inc., 10 W. 
Parker Ave., Maplewood, N. J. 

Lustra-Cite Industries, Inc., 331 Kent 
Ave., Brooklyn 11, N. Y. 

Lus-Trus Corp., 884 Railroad St., Ypsi- 
lanti, Mich. 

Luzerne Rubber Co., 
Trenton 7, N. J. 

*Lydon Bros., Inc., 85 Zabriskie St., 
Hackensack, N. J. 

*Lynch Corp., Plastic Machinery Div. 
(Formerly Robbins Plastic Machin 
Corp.), 1505 Leininger, Elkhart, Ind. 


~<a St., 


133 S. 
Mt. Vernon, N. Y. 
Railroad Ave., Pawl- 


, Oakwood Rd. 
Huntington Sta., 


Muirhead Ave., 


M 


*M- yd on undard Corp., 517 Communipaw 
, Jersey City 4, N. J. 
*M ry N Modern Hydraulic Press Co., 
1? State Highway #3, Clifton, 
J. 


M.C.I. Plastics Corp., Greenville-Ram- 


town Rd., 
MMM, Inc., 
Texas 
Macbeth Corp. 
N. Y. 
MacDonald Mfg. Co., 
New Baltimore, Mich. 
Machine Factory & Foundry, Ltd., Net- 
stal, Netstal, Switzerland 
*Machinery Products Corp., 
Major Ave., Chicago 39, IIl. 
Mack, John, & Son, Moulded Products, 
ine, 6227 N. Broadway, Chicago 40, 


Mack Molding Co., 
Wayne, N. J. 


Lakewood, N. J 
P. O. Box 2114, Houston, 


, Box 950-T, Newburgh, 


550 Green St., 


2000 N. 


Inc., 100 Main St., 
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Macromol Corp., The, tox 165, Mata- 
wan, N. J. 

Madan yesaten, Inc., 370 North Ave., 
Cranford, a F 

Magic Chemica Co., 121 Crescent St., 
Brockton, Mass. 

Magnetic Engineering & Mfg. Co., 851 
Van Houten Ave., Clifton, N. 

Magnolia Plastics, ‘Inc., 5547 Peach- 
tree Industrial Blvd., Chamblee, Ga. 

Mahl Sales te 1840 Given Ave., 
Bronx, N. Y. 

Maimin, H., Co., Inc., 575 Eighth Ave., 
New York 18, N. Y. 

Main, Robert A., & Sons, ine. Main 
and Plaston Rd., Wyckoff, N é 

Maine Moldin Products, 400 Atlantic 
Ave., Boothbay Harbor, Me. 

Majestic Creations, Inc., oe Wood- 
side Ave., Woodside 7 71, N. 

Majestic Molded Products, ‘ie Ma- 
jestic Park 7m 

Majestic Molding Co . 805 W. River 
Rd., Elyria, ry 

Makray Mfg. Co., 4400 N. Harlem 
Ave., Chicago 30, Ill. 

Malco Plastics, Inc., 4100 Plastic Pl., 
Baltimore 15, Md. 

Mallinckrodt Chemical Works, 2nd & 
Mallinckrodt Sts., St. Louis 7, Mo. 
Manchester Molding Co., Manchester 

Depot, Vt. 

Manhattan Adhesives Corp., 425 
Greenpoint Ave., Brooklyn 92, N. Y. 

Mankato Paper Box Co., 1301 Third 
Ave., Mankato, Minn. 

Mannesmann- Easton Plastic Products 

Inc., 900 Line St., Easton, Pa. 

Messing & Lewis Engineering Co., 
28-42 Ogden St., Newark 4, N. 

Manton-Gaulin Mfg. Co., Inc., 44 Jar- 
den St., Everett 49, Mass. 

Manufacturers Engineering & Equip- 
ment Com, heres Rd. & Sunset Lane, 
Hatboro, Pa. 

Many, J., & Co., 153 Lafayette St., 
New York 13, N. Y. 

Maplewood Companies, P. O. Box 113, 
24 Blackstone Dr., Livingston, N. J. 

Mapre, S.A., Diekirch, Grand Duchy of 
Luxembourg 

Marbek, Inc., 1200 Manhattan Ave., 
Brooklyn 29, N. Y. 

*Marblette Corp., The, 37-21—30th St., 
Long Island City 1, N. Y. 

*Marbon Chemical Div., Borg-Warner 
Corp., P. O. Box 68, Washington, 
W. Va. 

Marion General Plastics Co., Sub. of 
General Plastics Corp., 2398 Cali- 
fornia Ave., Long Beach 6, Calif. 

Markal Co., 3052 W. Carroll Ave., 
Chicago 12, Ill. 

Markel, L. Frank, & Sons, School Lane, 
Norristown, Pa. 

Markel Rubber Products C., ° 514 
Jackson Ave., Bronx 55, N 

Mesto Machine o 

, Keene 20, N. 

Re Plastic ae 2250 E. 
St., Los Angeles 59, Calif. 

500 McKinley 


150 p Boel 
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Marmyte Co., 
Mundelein, IIl. 
Marplex Co., 348 Washington St., El 
Segundo 6, Calif. 
*Marshall & Williams o~ 46 Baker 
St., Providence 5, R. 
Martindell Molding Ag N. Olden at 
ye P. O. Box 228, Trenton 2, 
*Marvel Engineering Co., 7227 N. Ham- 
lin Ave., Chicago 45, Ill 
Masland Duraleather Co., Amber & 
Willard Sts., Philadelphia 34, Pa. 
Masuate Corp., lll W. Washington 
., Chicago 3, Til. 


Ave., 


Mester Appliance Gn. ., 1745 Flett 
Ave., Racine 

Master Molded Products Co 8109 

Lawndale Ave., Skokie 
Masier Un ah Die Products, Inc., Green. 
le, M 

Masterglas Ow. Gisholt Machine Co,, 
1245 E Washington Ave., Madison 
10, Wis. 

Mastro Plastics oP 5 - Webster 
Ave., ie York 

Mateer, G Diehl, Co., ‘Tis W. Lin- 
coln Highway, "Wayne , Pa. 

*Matrix Controls Co., ine, "P.O. Box 22, 
Somerville, 4 

Matthews, Jas. H & .“ 3829 Forbes 
Ave., Pittsburgh 13, P 

*Mayer Refrigerating a Inc., 
a Turnpike, Lincoln Park, 


J. 
Maytals Molded Products, 3700 N, 
Rose St., Schiller Park, ill. 
*Mayflower "Electronic Devices, Inc., 20 
Industrial Ave., Little Ferry, N. }. 
a Plastics Co., Inc., 49 Congress 
, Salem, Mass. 
kone Plastics, 415—17th Ave., N,, 
Hopkins, Minn. 
Mazmicchell Celluloide, S.p.A., Cas- 
lione Olona (Varese), Italy 
Me! leer Mfg. Corp., 101 S. Waterman 
Ave., Detroit 17, Mich. 
McClarin Plastics, P. O. Box 168, Han- 


over, Pa. 
McCloskey Varnish Co., 7600 State 
Rd., Philadelphia 36, Pa. 
McCormick Rubber Co., 62 Bergen 
Turnpike, Ridgefield Park, N. J. 
McGean Chemical Co., The, 1040 Mid- 
nd Bldg. Cleveland 15, Ohio 
*McKesson & Robbins, Inc. ., Chemical 
Dept., 155 E. 44th St., New York 
Y 


¢ & A 
McLeane, H. E., & Sons, 4112-18 Clay- 
ton Ave., St. Louis 10, Mo. 
McMillan Industrial Corp., Brownville 
Ave., Ipswich, Mass. 
Mead ¢ Corp., 118 W. Ist St., Dayton 2, 


Ohi 

Mead Specialties Co., Inc., 4114 N. 
Knox Ave., Chicago. 41, Ill. 

*Mearl Ps, "The, 41 E. 42nd St., New 

York 17, N. Y. 

Mee ele Oli, Inc., P. O. Box 
223, Bridgeport, Pa. 

Mechanical En aving Co., Inc., 
eee t Ave., E., "New Yor 

¥ 

Mehl Mfg. Co., 2057 Reading Rd., Cin- 

cinnati 2, Ohio 
*Meiki Co., Ltd., 1, 2-chome, Shioiri-cho, 

Mizuho-ku, Nagoya, Japan 

Melamine Plastics, Inc., 510-24 W. 
4th St., Winona, Minn. 

Melin Tool Co., Inc., 3370 W. 140th 
St., Cleveland 11, Ohio 

Melt Extractor Mfg. Corp., ne Web- 
ster Ave., New York 67, N. Y. 

Merchandise Presentation, Ine. 2191 
Third Ave., New York 35, N 

Menct Marine Magnesium Div., onal 
4 so Inc., Lincoln Ave., Rahway, 

Meso Heat Sealing Equipment Co., 
2601-21 N. Howard St., Philadelphia 
33, Pa. 

Mercury Industries, Inc., 365 Broad- 
way, Hillsdale, N. J. 
Mercury Molding Machinery, Inc., 972 
Nepperhan Ave., Yonkers, N. Y 
Mercury Plastics Corp., 7 Springfield 
St., Chicopee, Mass. 

Mereen potent Machine Co., 4401 N. 
Lyndale Ave., Minneapolis 12, Minn. 

Meriden Molded Plastics, Inc., 25 Me- 
chanic St., Meriden, Conn. 

Merit Products, Inc., 3691 Lenawee 
Ave., Los Angeles 16, Calif. 





Merix Chemical Co., 2234 E. 75th St., 
Chicago 49, Ill. 
#Mesa Plastics Co., 12270 Nebraska 

Ave., Los Angeles 25, Calif. 
Metachem Resins Corp., Mereco Prod- 
ucts Div., + Wellington Ave., 
Cranston 10, R. 
*Metal & Thermit MER Woodbridge 
Ave., Rahway, N. J. 
Metalizers, Inc., 43-24—2l1st St., Long 
27-10—44th 


Island City 1, N. Y. 

Metallic Plastics Corp., 

Dr., Long Island City’1, N. Y. 

Metalmold Forming Co., Inc., 68 Jay 
St., Brooklyn 1, N. Y. 

Metals Disintegrating Co., Div. of 
American-Marietta Co., P. O. Box 
290, Elizabeth B, N. J. 

Metalsmiths, 560 ‘White St., Orange, 
N. J. 

Metalwash Machinery Corp., 901 North 
Ave., Elizabeth, N. j. 

Metaplast Process. sd 34-51—56th St., 
Woodside 77, 

Metropolitan Plastice Corp., 865 Grand 

Brooklyn 11, N. Y. 

ue nate Co., The, 5323 W. Lake St., 
Chic ago ~*~ Ill. 

Meyers, , Co., Inc., 1017—14th, 
FTE rd nd” 

Mica Corp., The, 4031 Elenda St., Cul- 
ver City, Calif. 

Mica Insulator, Div. of Minnesota 
Mining & Mfg. Co., 797 Broadway, 
Schenectady 1, N. Y. 

Michigan Chemical Corp., 500 Bank- 
son St., St. Louis, Mich,” 

Michigan Chrome & Chemical Co., 
8615 Grinnell Ave., Detroit 13, Mich. 

Michigan Fiberglass Co., 88th Ave. & 
Chicago Dr., Zeeland, Mich. 

Michigan Oven Co., 415 Brainard St., 
Detroit 1, Mich. 

Michigan Panelyte Molded Plastics 
D e St. Regis Paper Co., Dexter, 


*Michigan Plastic Products, Inc., Rob- 
bins Rd., Grand Haven, Mich. 

*Mico Instrument Co., 80 Trowbridge 
St., Gale 38, Mass. 

Microcell, Ltd., 9 Kingsway, London, 
W.C.2, England 

Micron Chemical Products Corp.. 740 
Court St., Brooklyn 31, N. 
Micron Plastics Ms 640 _— St., 
Brooklyn 38, Y. 
Micron Srocteleios Co., 4551 W. Di- 
versey Ave., Chicago 39, Ill. 

Middlesex Tool & Machine Co., Inc., 
1157 Globe Ave., Mountainside, N. J. 

Midland Adhesive & Chemical Corp., 
one Goodrich St., Ferndale 20, 

ic 

Midland Coatings, Inc., _ First Ave., 
N.E., Minneapolis 13, Minn. 

Midland Container Corp., 827 Koeln 
Ave., St. Louis 11, Mo. 

*Midland Die & Engraving Co., 502 
Factory Rd., Addison, Til. 

Midland Plastics, Inc., 221 N. 
St., Milwaukee 2, Wis. 

Midwest Decalecomania Co., 
Polk St., Chicago 5, Il 

Midwest Plastic Products Co., 1801 
Chicago Rd., Chicago Heights, Ill. 

Midwest Rubber Reclaiming Co., P. O. 
Box 744, East St. Louis, Ill. 

Midwestern Industries Corp., 
Joe Rd., Fort Wayne, Ind. 

Miehle Co., The, Div. of Miehle-Goss- 
Dexter, Inc., 2011 Hastings St., Chi- 
cago 8, Ill. 

Milburn Co., 3246 E. Woodbridge Ave., 
Detroit, Mich. 


ite s Chemical Co., Div. of Miles 
Laboratories, Inc., 193 Arlington 
Ave , Clifton, N. J. 
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Mill Polishing Corp., 2301 Belgrave 
Ave., Huntington Park, Calif. 
Millar, Geo. W., & Co., Inc., 280 La- 
fayette St., New York 12, N. Y. 
*Miller Fluid’ Power Div., Flick- Reedy 
a 7NO15 York Rd., Bensenville, 


re Frank, & Sons, 2250 W. 58th 
Chicago 36, Ill 
ville, Franklin P., & Son, Inc., 36 
Meadow St., E. Orange 16, N. |: 
Miller, Harry, ‘Corp., 4th & Bristo Sts., 
Phi adelphia 40, Pa. 
Miller & Van Winkle Co., 155 Sherman 
Ave., Paterson 2, N. 
Miller-Stephenson ‘Chemical Co., Inc., 
39 Day St., S. Norwalk, Conn. 
Mills Affiliates, 1701 Walnut, 
City 8, Mo. 
Milmar Plastics, Inc., Route 5, Hagers- 
town 
Milwaukee Plastics, ne aoe N. 3lst 
Milwaukee 16, W 
vainetels & Chemicals i of Amer- 
ica, 59 Essex Turnpike, Menlo Park, 


Minneapolis Plastic Molders, Inc., 5742 
Nicollet Ave., Minneapolis 19, Minn. 

Minneapolis- Honeywell Regulator Co., 
2753 Fourth Ave., S., Minneapolis 8, 
Minn. 

Minnesota Mining & Mfg. Co., Adhe- 
sive, Coating & Sealer Div., 900 
Bush Ave., St. Paul 6, Minn. 

Minnesota Mining & Mfg. Co., Chemi- 
cal Div., 900 Bush Ave., St. Paul 6, 
Minn. 

Minnesota Mining & Mfg. Co., Irving- 
ton Div., 900 Bush Ave., St. Paul 6, 
Minn. 

Minnesota Mining & Mfg. Co., Rein- 
forced Plastics Div., 900 Bush Ave., 
St. Paul 6, Minn. 

* Minnesota Plastics Corp., 45 E. Mary- 
land Ave., St. Paul 17, Minn. 

Minnich Machine Works, 61 E. Third 
St., Waynesboro, Pa. 

Miracle. Adhesives Corp., 250 Pettit 
Ave., Bellmore, N. 

ay Plastics Co., Inc., 50-54 Illinois 

Paterson 3, N. J. 
Mirrolap Co., 4559 Elston, Chicago 30, 


Miskella Infra-Red Co., The, E. 73rd 
Grand Ave., Cleveland 4, Ohio 
Mitchell Plastics, Inc., Parkdale St., 
Owosso, Mich. 
Mitchell Plastics, Inc., 2601 Stayton 
St., Pittsburgh 12, Pa. 
Mitchell Rand Mfg. Cor 51 Murray 
St., New York 7, N. Y. 
* Mitchell Specialty Div., Novo Indus- 
trial Corp., Edmund & Shelmire Sts., 
Philadelphia 36, Pa. 
* Mitsubishi Rayon Co., Ltd., 8, Kyobashi 
2-chome, Chuo-ku, Tokyo, Japan 
*Mitsui & Co., Ltd., 2-1, Shiba Tamura- 
cho, Minato-ku, "To 0, Japan 

Mitts & Merrill, 101 °s: Water St., 
Saginaw, Mich. 

Mixing Equipment Co., Inc., 210 Mt. 
Read Blvd., Rochester 1, N. Y. 

*Mobay Chemical Co., Penn Lincoln 

Parkway W., Pittsburgh 5, Pa. 
Mobil Oil Co., A Div. of Socony Mo- 
bil Oil Co., Inc., 150 E. 42nd St., 
New York 17, N. Y 
105 College 


*Mobley, Edward L.., Co., 
St., Wadsworth, Ohio 
Modern Engraving & Machine Co., 
1413 Chestnut Ave., Hillside 5, N. J. 
Modern Aaeeaeen, Inc., N. 8th St., Ken- 
~J- 


Kansas 


ilworth, N 
* Modern Plastic Machinery Corp., 64 
Lakeview Ave., Clifton, N. J. 
Modern Plastics, 4000 N.W. 29th St., 
Miami 42, Fla. 
Modern Plastics Corp., 489 N. Shore 
Dr., Benton Harbor, Mich. 


Modern Tool & Die Co., Inc., 11 
Spruce St., Leominster, Mass 

Modernair Corp., The, 400 Preda St., 
San Leandro, Calif. 

*Modiglass Fibers, Inc., A Div. of Reich- 
hol Chemicals, Inc., P. O. Box 86, 
Bremen, Ohio 

Modular —" Corp., Route 130, 
Burlington, N. J. 

Mohawk Industries, Inc., P. O. Box 187, 
Station Rd., Sparta, N. J. 

MOI Giuseppe, Via Apelle 46/11, 


Milan, Italy 
Moisture ~ ister Co., ay W. Chest- 
ving oT 29 S. 


nut St., Alhambra, 

Mojave Die & En 
Hoover, Los Angeles 37, 

*Mokon Div., Protective hemmed Co., 
Inc., 2207 Elmwood Ave., Buffalo 

23, NN.  # 

Mol Rez Div., American Petrochemical 
Co., 3134 California St., N.E., Min- 
neapolis 18, Minn. 

*Mold Duplicatin Co., 750 Fairfield 
Ave., Kenilwo N. J. 
Mold Polishing Service, 42 

Turnpike, Riverdale, 

Moldcraft, Inc., 1505 Ty 4lst St., Balti- 
more 11, Md. 

Moldcraft Products, Inc., 1505 W. 4lst 
St., Baltimore 11, Md. 

*Molded Fiber Glass Body Co., Div. of 
Molded Fiber Glass Cos., 4601 Bene- 
fit Ave., Ashtabula, Ohio 

*Molded Fiber Glass Co., Div. of 
Molded Fiber Glass Cos., 4401 Bene- 
fit Ave., Ashtabula, Ohio 

*Molded Fiber Glass Sheet Co., Div. of 
sy eg Fiber Glass Cos., 4301 Bene- 

t Ave., Ashtabula, Ohio’ 

kMclicd Fiber Glass Tray Co., Div. of 
Molded Fiber Glass Cos., P. O. Box 
128, Linesville, Pa. 

Molded Industrial Plastics, 1 Inc., 131-37 
Sanford Ave., Flushing 55 ¥ 
Molded Insulation Co., 335 E. Price 

St., Philadelphia 44, Pa. 

Moldin Corp. of America, Inc., 58 

Weybosset St., Providence 3, R. I. 


Hamburg 


Molding Industries of America, Inc., 


456 E. 166th St., Bronx 56, N. Y 

Moldings & Extrusions, Inc., 
gan, Conn. 

ve Rite Plastics, Inc., 502 N. First 

Cambridge, Ohio 

Moke Products Co., 9515 Southview 
Ave., Brookfield, Til. 

Monaplastics, Inc., Route #7, George- 
town, Conn. 

Monite Waterproof Glue Co., 1628 N 
2, Minneapolis 11, Minn. 

Monkley Corp., 42 Lagrange St. 
cester 8, Mass. 

Monmouth Fiberglass Industries, Mon- 
mouth, Maine 

Monmouth Plastics, 814 Asbury Ave., 
Asbury Park, N. J. 

*Mono-Sol Corp., 407 County Line Rd., 
Gary, Ind. 

Monroe Sander Corp., The, 10-18— 
46th Ave., Long Island City 1, N. Y. 

Monrovia Plastic Co., Inc., 904 S. Alta 
Vista, Monrovia, Calif. 

Monsanto Chemical Co., Organic 
Chemicals Div., 800 N. Lindbergh 
Blvd., St. Louis 66, Mo 

*Monsanto Chemical Co., Plastics Div., 
Springfield, Mass. 
*Montecatini Soc. Gen., Milano, Italy 
. S. Rep.: Chemore ‘Corp. * Broad- 
way, New York, N. Y.) 

Moore Chemical Corp., Inc., 552_Po- 
trero Ave., San Francisco 10, Calif. 

Moore, Kenneth J., & Co., 1778 Estes 
Ave., Chicago 26, Il. 

Moore Plastics, 330 Melrose Pl., San 
Antonio 12, Texas 


Waure- 


, Wor- 




















































































































































































































































































































Moore, Samuel, & Co., Dekoron Prod- 


ucts Div., Main & Orchard Sts., 


Mantua Ohio 


Moore-Milford Corp., 8034 N. Central 


Park Ave., Skokie, IIL 


Morart Gravure Corp., 7 Bridge St., 


Holyoke, Mass. 
“9 -Harrah Marble Co., Sylacauga, 


Morgan Adhesives Co., The, Mac Tac 
Div., 4560 Darrow Rd., Stow, Ohio 
Morgan Plastics, 116—16th Ave., N., 
Nashville 3, Tenn. 
*Morin Corp., The, 205 Broadway, 
Cambridge 39 Mass. 
* Morningstar-Paisley, a? 630 W. 5lst 
St., New York 19, N Y. 
Morse Mfg. Co., Inc., 727 W. Manlius 
» EB. Syracuse N. » A 
mo . Paper Mills Co., esinas, Wis. 
*Moslo Mac inary Co., 2 Prospect 
Ave., Cleveland 15, ‘Ohio 
Motch & Merryweather wg Co. 
The, 1258 E. 222nd St., Cleve 


17, Ohio 
Motson, Frank, Co., 1717 Bethlehem 
Pike, lourtown 
Mount Hope Medhinesy Co., 15 Fifth 
Taunton, Mass. 
Mount Vernon Mills, Inc., 201 E. Balti- 
more St., Baltimore 2, Md. 
*Muehlstein, H., & Co., ee 521 Fifth 
Ave., New York 17, 
Mueller, Ernest, 125 N. Tinetrolt St., 
Los Angeles 36, Calif. 
Mulder & Zoon, N. V., 76 Wibantstraat 
P. O. Box 4011, Amsterdam, Holland 
Multicraft, Inc., 4100 Warren Ave., 
Hillside, Ill. 
Multiplastics, 415 S. Cherry St., Wall- 
ret Conn. 
nemiytaaiien, 330 Factory Rd., Addi- 
son, Ill. 
Multi-Stretched Films, Inc., 30 N. La 
Salle St., Chicago 2, Ill. 
Mundane Co., The, Verplanck, N. Y. 
Munray Products Div., The Fanner 
Mfg. Co., 12400 Crossburn Ave., 
Cleveland 35, Ohio 
Munson Mill Machinery om 210 Sew- 
ard Ave., Utica 1, N. 


Masey Co., E. Joppa nd. Towson 4, 
M 


*Mycalex Corp. of America, 125 Clifton 
Blvd., Clifton, N. J. 


*NRC Equipment Corp., Sub. of Na- 
tional Research Corp., 160 Charle- 
mont St., Newton 61, Mass. 

*Nagahama Plastics Industries, Ltd., 
Naka 28th Bldg., 1-2-1, Marunouchi, 
Chiyoda-ku, Tokyo , Japan 
Naken, William, 1107 Burnside Ave., 
Los Angeles 19, Calif. 

Nalco Chemical 'Co., 6229 W. 66th 
Place, Chicago 38, Il. 

Nalge Co., Inc., The; 75 Panorama 
Creek Dr., Rochester ee A 

Nalle Plastics, Inc., 108-12 W. 2nd St., 


Austin 1, Texas 
Napco Plastics, Inc., 500 Glenwood 
Ave., Napoleon, Ohio 
Nash Engineering Co., The, Wilson 
Rd., S. Norwalk, Conn. 
*Nash, J. M., Co., Inc., 123 Jackson 
shkosh, Wis. 
Nene, Corp., 44 Franklin St., Nashua, 


*National Automatic Tool Co., Inc., S. 
7th & N Sts., Richmond, Ind. 


National Casein Co., 601 W. 80th St., 
Chicago 20, Il. 


National Engineering Co., 549 W. 
Washington Blvd., Chicago, IIl. 
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National Fabricating Co., 129-01 N. 
Gengett Ave., S. Ozone Park 20, 


National Gypsum oo. 325 Delaware 
Ave., Bu alo 2, N y. 
National uer & Paint Co., 7415 S. 


Green St., Chicago 21, Ill. 
*National Lead C Co., 111 Broadway, New 
or 
*National Lock Co., 1902 Seventh St., 
Rockford, Ill. 

National Plastic Corp., 369 DeKalb 
Ave., Brooklyn 5, N. Y. 

National Plastic Films, Inc., 1541 S. 
Walnut, Ottawa, Kan. 

*National Plastic Products Co., The, 
Odenton, Md. 

National Plasticrafters, Inc., Sub. of 
National Lock Co., 1822 Martin Ave. x 
Sheboygan, Wis. 

National ics, Inc., 2326-30 McCalla 
Ave., Knoxville 1, Tenn. 

* National Polychemicals, Inc., Eames 
St., Wilmington, Mass. 

*National Rubber Machinery Co., 47 W. 
Exchange St., Akron 8, Ohio 

National Starch and Chemical Corp., 
750 Third Ave., New York 17, N. Y. 

National Tool & Mfg. Co., 100 N. 12th 
St., Kenilworth, N. J. 

National Vacuum Platers, Inc., 2635 E. 
Hagert St., Philadelphia 25, Pa. 
*National Vulcanized Fibre Co., Mary- 

> & Beech St., Wilmington 


Natvar Corp., 211 Randolph Ave., 
Woodbridge, N. J. 

* Naugatuck Chemical, Div. of U. S. 
Rubber Co., Elm St., Naugatuck, 


Conn. 
*Negri Bossi & C., Via Bazzini, 24, 
Milan, Italy 
Nome Te Labs., Inc., 13 Brook St., Belle- 
ville, N. 
Neville Chemical Oa. Neville Island, 
Pittsburgh 25, 
*New England A, Co., 304 Pearl St., 
Providence I. 
New Engl: and Die Co., Inc., 64 Floral 
St., Taunton, Mass. 
New England Engineering & Mfg. Co., 
152 Chandler St., Worcester, Mass. 
New England Laboratories, Inc., Coun- 
ty Rd., Ipswich, Mass. 
New England Laminates Co., Inc., 481 
Canal St., Stamford, Conn. 
New England Lime Co., Adams, Mass. 
New England Tank & Tower Co., 
Tileston St., Everett 49, Mass. 
New England Tape Co., 30 Tower St., 
Hudson, Mass. 
*New Hermes Engraving Machine Corp., 
154 W. 14th St., New York 11, N. Y. 
New Jersey Machine Corp, 16th & 
Willow Sts., Hoboken 1, N. J. 
New Jersey Thermex Co., Inc., 531 
Bergen St., Harrison, N. j. 
New Jersey Zine Co., La 160 Front 
St., New York 38, N 
New Plastic Corp., 1026. N. Sycamore 
Ave., Los Angeles 38, Calif. 


*Newark Die Co., 24 Scott St., Newark 
2, N. J. 


*Newark Die Hobbing & <asting Co., 
20 Scott St., Newark 2, N. J. 
Newark Wire Cloth Co., 
Ave., Newark, N. J. 
*Newbury Industries, Inc., Newbury, 
Ohio 
Newport Industries Div., Heyden New- 
port Chemical Corp., 342 Madison 
Ave., New York 17, N. Y. 
Newport Plastics Corp., Derby Rd., 
Newport, Vt 
Niagara Blower Co., 405 Lexington 
Ave., New York 17, N. Y. 
Niagara Plastics Co., R.D. #3, Edin- 
boro Rd., Erie, Pa. 


361 Verona 






Nichimen Co., Inc., 39 Broadway, New 
325 W, 


York, N. Y. 
Nichols Products Co., Inc., 
Main St., Moorestown, N. "}. 
Nikolas, G. "J, & & Co., Inc., 2808 Wash- 
noes St., "Bellwood, ll. 
Niles Gorm 0 50941 U. S. #31, South 
Bend 1 
Pn hy daw Chemicals, Inc., Nixon, 


Nopeg ‘Chew Chemical Co., 1141 S. 14th St, 


Nopco Chemical Co., 60 Park Pl, 
Newark, N. J. 

*No Chemical Co., Plastics Div.» 175 
Schuyler Ave., “es "Arlington, N 3: 
Norco Plastic 3888 N. Fratney 
St., Raa he 13, Wis 
Norman reen | Inc., 106 E. 19th St, 
New York 3, N Y. 

— American Asbestos Corp., 141 
W. Jackson Blvd., Chicago 4, Ill. 
North American Products Corp., 707 


Bartley St., Box 291, Jasper, Ind. 
North Star Industries, inc., 2418 Uni- 
— Ave., S.E., Minneapolis, 


_. am Plastics, Inc., 215 A St, 
Boston 10, Mass. 

Northern Industrial Chemical Co., ll 
Elkins St., S. Boston 27, Mass. 

Northern Plastics Corp., 2nd & Market 
St., La Crosse, Wis 

Northland, Plastics, Inc., 1420 S. 16th 

St. eboygan, 

Northwest Plastics, Lad 65 E. Plato 
Ave., St. Paul 7, 

Northwest Plastics Mt  Chesltinn, Inc., 
Sub. of Northwest Plastics, Inc., Gas- 
tonia, N. C. 

Norton Co., 1 New Bond St., Worces- 
ter 6, Mass. 

Norton Laboratories, Inc., ip Sees of 
Auburn Plastics, Inc., kport, N. Y. 

Nosco Plastics, — 1701 ro | Ave., 
Box 269, Erie 

Novelty Bias Diding Co., 181 Spencer 
Ave., Mass 

Novo Div., Novo Industrial Corp., 

9705 S. Cottage Grove, Chicago 28, 


Til. 
*Novo Industrial Co Mitchell Spec- 
ialty Div. oe "& Shelmire Sts., 


Philadel 
stics Gort 2250 N. Pulaski 


Nu-Dell 
Rd., Chicago 39, I 
Nu-Engineering, Inc., 1515 Bonner 
Ave., Ferndale 20, Mich. 
Numa Plastics Corp. 4 E. 52nd St, 
New York 22, N Y. 
*Nuodex Products Co., Div. of Heyden 
Newport Chemical Corp., Box 242, 


Elizabeth, N. J. 

Nu-Process Plastics, fee, 55 W. 13th 
St., New York 11, N. Y. 

Nureco, Inc., 1100 Pontiac Ave., Crans- 
ton 10, 

Nutmeg Chrome Corp., via vane 
Ave., W. Hartford 10, 

Nylomatic Corp., W. J oe al Ave., 
Morrisville, Pa. 

Nylon Molding Corp., 143 South Ave., 
Garwood, N. 

iyoran. Inc, 218 McKinley High- 
way W., Mishawaka, Ind. 


*Nypel Corp. Ford Bridge, W. Consho- 
hocken, Pa. 


o 


Oak Engineering Co., Inc., 1 Mon- 
mouth St., Gloucester oS a 

Oakes, E. T., Corp., The, 2 6 Commack 
Rd., Islip, N. Y. 

Oakite ew »- 19 Rector St., 
New York 6, N 

Oakley Die & +4 
4426 Brazee St., 


Co., Inc., The, 
‘incinnati 9, ” Ohio 














ODex Mfg. A aa 168 Stevens St., 

River, M 

Oerlikon Plastics, Ltd., Stans/N.W., 
Switzer: 

Ohio Adhesives Co 
Ext., New Philadel 

Ohio Knife Co. oe Ave. & 
B & O RR., Cincinnati 23, Ohio 

Ohio Lime Co., Woodville, Ohio 


Ohio Plastic Co., The, Frazeysburg, 


Ohio 
Ohio ‘Sealer & Chemical Corp., 2019 
Springboro, Rd., by 39, Ohio 
Oilgear Co., The, . Pierce St., 
Milwaukee 4, wie 
Olin Mathieson Chemical Com. Chem- 
icals ret Mathieson Bldg., Balti- 
more 


d. 
Olin Packaging Div., Film Openers, 
460 Park Ave., New York 22, 
Olsen, Tinius, Testing Machine ota 
Inc., Easton Rd., Willow Grove, Pa. 
*Olympia Tool é& Machine Co., 119 De- 
lancy St., Newark 5, N. 
Olympic Plastics Co., Inc., 471 S. La 
Cienega Blvd., Los Angeles 16, Calif. 
Omaha rig | Co., 1470 S. 16th St., 
Omaha 8, 
Omni ad. Corp., 460 Park Ave., 
S., New York 16, N. Y. 
Omnifarious, 1 ad lal St., New York 
38, N. Y. 
Ontario Plastics, Inc., 2503 Dewey 
Ave., Rochester 16, N. Y. 
Onyx Chemical Corp., 190 Warren St., 
Jersey City 2, N. 
Gore Oils & Resins, Inc., 125 Broad 
New York 4, | A 
Peet ot Corp., N18 Exchange St., 
Buffalo 10, N. Y. 
*Orange Products, Inc., 554 Mitchell St., 
Orange, N. J. 
Orb Sales + 1 Vanderbilt Ave., New 
York 17, N Y. 
Gacnd Mfg. Co., :% Nae W. 37th 
New York 18, N } 
pnt Mach. . Ine. 87 Broadway, 
New York 12, N. 
Orna Plastics Neg e583 Venice Blvd., 
Los Angeles 34, Calif. 
Ormapress A.G.., Gerechtigkeitsgasse 25- 
27, Zurich 39, Switzerland 
*Orr & Sembower, Inc., Morgantown 
Rd., Reading, Pa. 
Osborn, C. J., Co., 1801 W. Blancke St., 
Linden, J. 
Osley & Whitney, Inc., 
Rd., Westfield, Mass. 
O’Sullivan Rubber Corp., Valley Pike, 
Winchester, Va. 
Ott, Joseph M. P., Mfg. Co., 
St., Pawtucket, R. I. 
Owens Plastics Co., 
Kansas City 26, 
Owens-Corning Fiberglas Corp., Rein- 
forced Plastic Div., 717 Fifth Ave., 
New York 22, N. Y. 
Owens-Illinois Glass Co., Plastics Div., 
P. O. Box 1035, Toledo 1, Ohio 


Southampton 


87 Sabin 
— 1514 Crystal, 


P 


P.O.P. Displays, Inc., 8000 Cooper 
Ave.—Bldg. 4, Glendale, N. Y. 

Paasche Airbrush Co., 1909 W. Di- 
versey —s Chicago 14, Ill. 

Pace, F. D., Co., 1725 Stehouwer, 
N.W., Grand Rapids 4, Mich. 

Pacific Metal Fabricators, 3443 S. 
Lawndale Ave., Chicago 8, IIl. 
reatis Plastic Machinery, Inc., 3443 

S. Lawndale, Chicago 23, Il. 
Fecifie Plastics Co., Inc., 4517—14th, 
N.W., Seattle 4, Wash. 


* Indicates Advertiser 


Packaging Industries, i. Inc., 151 
Pine St., Montclair, N. J. 
Packless Metal Hose, Inc., 730-65 S. 
Columbus Ave., Mt. Vernon, N. Y. 
Palfy Die & Mold Co., The, 2900 Brad- 
well Ave. Cleveland 29, Ohio 

Palisades Plastics Mfg. Co. he Ince 178 
S. Van Brunt St., En NJ 

Pall Co ., 30 Sea “yet len 
Cove, ¥, 

Pallmann Pulverizers .. Inc., 315 
Newark St., ey Ji 

Palmer, Homer W., & Co., 515 N. Hal- 
sted St., Chicago 22. Ti. 

Palnut Co., —?P Glen Rd., Moun- 
tainside, N. J. 

Pam Co., 1951 N.W. Wilson St., Port- 
land 9, Ore 

Pamarco, Inc., 235 E. llth Ave., Ro- 
selle, N. J. 

Pam-Pro Plastics, 1075 O’Brien Dr., 


Menlo Park, Calif. 

Pan Amcel Co., Inc., Export Affiliate of 
Celanese Corp. "of America, 180 
Madison Ave., New York 16, N. Y. 

Pan American Supply Co., 42- 15 Cres- 
cent St., Long Island City, N. Y. 

Panelyte Div., St. Regis Paper Co., 
Richmond, Ind. 

Pangborn Corp., 4100 Pangborn Blvd., 
Hagerstown, 

Pantasote Co., The, 26 Jefferson St., 
Passaic, N. J. 

*Pantex Mfg. Corp., P. O. Box 660, 
Pawtucket, R. I. 

Paper Converting Machine Co., 2300 
S. Ashland, Green Bay, Wis 

Paper Products Comeanent, "453 W. 
17th St., New York 11, N. Y. 

Para Products Div., Foundry Rubber, 
wy ee River Rd., Washington 16, 


Paragon Plastic Corp., 295 Lafayette 
St., New York 12, N. Y. 
Paragon Rubber Corp. ., Pleasant, East- 
hampton, Mass. 
Paralite Mfg. Co., 1466 F St., San 
Diego 2, Calif. 

Paramount Foam Industries, Mercer & 
Arnot St., Lodi, N. J. 

Parcloid Chemical Co., 31 Cross Ave., 
Midland Park, N 


sa Co., 191 Soath St., Newark 5, 


a) ° 
Parisian Novelty Co., 3510 S. Western 


Ave., Chicago 9, Iil. 

Park Plastics Co., 104 E. Elizabeth 
Ave., Linden, N. J. 

Parker Fittings and Hose Div., Parker- 
Hannifin Corp., 17325 Euclid Ave., 
Cleveland 12, Ohio 

Parker Plastics Corp., Box 10326, Pitts- 
burgh 34, Pa. 

Parker-Kalon, A Div. of General Amer- 
ag Transportation Corp., 1 Peekay 

Clifton, N. J. 

Parhvey Plastics, Inc., Stelton Rd., New 
Market, N. J. 

Parkwood Laminates, Inc., 
St., Wakefield, Mass. 
Partlow Corp., The, 225 Campion Rd., 

New Hartford, N. Y. 


Par-Vin Co., 29 Union St., 
N. Y. 


24 Water 


Batavia, 


Pasadena Breate. Inc., 1433 Lid- 
combe Ave., El Monte, Calif. 
*Pasley’s Plastic Products, Inc., 1275 
Ellsworth Industrial Dr., N.W., At- 
oa 18, Ga. 

Pasquetti, Carlo, & C., S.AS., Fab- 
brica Prodotti , a8 San- 
vito Silvestro 103, Varese-Masnago, 
Italy 

Passaic Color & Chemical Co., 79-81 
Liberty St., Passaic, N. J. 

*Patent ——_ Co. of Tennessee, Inc 
Century St., Knoxville 1, 
‘enn. 


*Patent Chemicals, Inc., 335 McLean 
Blvd., Paterson ‘4, N. J. 

*Paterson Parchment Paper Co., Bristol, 
‘a 

Patterson Fomniey & Machine Co., 
TO rd St. George St., E. Liver- 
poo 

Patenson Kelley Co., Inc., The, E. 
Stroudsburg, Pa. 

Patti-Plastics Corp., 36 Legal St., 
Newark, N. J. 

Patzig Testing Laboratories, — Aas 
ersoll Ave., Des Moines 12, 

Payne Tool "& En ineering oe The, 
1300 W. Columbia St., Springfield, 


Ohio 
Pearce Simpson, Inc., Molded Plastics 
0 N.W. 28th St., Miami, 


Div., 3 
Fla, 

Pearson-Sutton Corp., 18 N. State St., 
Newtown, Bucks County, Pa. 

Peco Machinery Sales (Westminster), 
Ltd., 28 Victoria St., London S.W.1, 
England 

Pee Cee Tape & Label Co., 521 N. La 
Brea Ave., Los Angeles 36, Calif. 

Peerless Chemical Corp., Verplanck, 

y 


N. Y. 
Peerless Molded Plastics, Inc., 401 
Hamilton St., Toledo 2, Ohio 
Peerless Plastics, 8490 Warner Dr., 
Culver City, Calif. 
Peerless Plastics Co., Inc., 13520 W. 
Reichert Ave., P. O. Box 25, Butler, 


Wis. 

*Peerless Roll Leaf oy 4511 New York 
Ave., Union City, N. J. 
a n Corp. 350 Fifth Ave., New York 


BE Ba Laboratories, Inc., 40i Lafayette 
St., Newtown, 

Pelron Corp., 78417 w. 47th St., Lyons, 

Pen Mac Nye Co., The, 1056 Home 
Ave., Akron 10, Ohio 

Penick, S. B., & Co. 100 Church St., 


New York 8, N. Y 
Penn Fibre & Specialty Co., Inc., 2030 
Philadelphia 


E. Westmoreland St., 
34, Pa. 

Penn-Plastics Corp., Fairhill Ave., Glen- 
side, Pa. 

*Pennsalt Chemicals ae. 3 Penn Cen- 
ter, Philadelphia 2, 

Pennsylvania Color * Seated Co., 
Pine Run Rd., Doylestown, Pa. 

Pennsylvania Fluorocarbon Co., Inc., 


1115 N. 38th St., Philadelphia 4, Pa. 
Pennsylvania Industrial | Chemical 
Corp., 120 State St., Clairton, Pa. 
Pennsylvania Pump & Compressor Co., 

Bushkill Dr., Easton, Pa. 
Pennsylvania Refining Co., 2686 Lis- 
hon Rd., Cleveland 4, Ohio 
Peoria Plastic Co., 215 Taylor Ave., 
E. Peoria, Ill. 
Pereles Bros., Inc., 5840-50 N. 60th 
St., Milwaukee 18, Wis. 
Perfecting Service Co., 332 Atando 
Ave., Charlotte 6, N. C. 
Perfection Finishing Corp., State Route 
#108, Wauseon, Ohio 
Perfex Plastics, Inc., 2632 S. Dearborn 
St., Chicago 16, Il. 
Perforated Products, Inc., 181 Harvard 
St., Brookline 46, Mass. 
Perforated Spoatien « o 351 W. 35th 
St., New York 1, 
#Perforating caiaiine oj 606 Com- 
merce Rd., Linden, N. J. 
Perkins, B. F., & Son, Inc., Holyoke, 
Mass. 
Perkins Glue Co., 632 Cannon Ave., 
Lansdale, Pa. 


Perma Seal Plastic Products Co., 1821 
University Ave., St. Paul 4, Minn. 
Permacel, U. S. Highway #1, New 

Brunswick, N. J. 
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Pe omen Corp. 

Palm Beach 

Posmall Inc., ach, Fla. St., Mt. Pleas- 
ant, Pa. 

Permane nt Label Corp. 49 Ackerman 

Bloomfield, 

a Mfg. _ 910 W. Jackson 
Blyd., Chicago 7, il. 

* Perry Plastics, Inc., 3409 W. 14th St., 
Erie, Pa. 

Peter Partition Co 124 Boerum PI., 
Brooklyn 1, N. Y.” 

Pots ts Chemical Mfg. Co., 3623 Lake 

, Melrose Park, Ill. 

Pete, *Tson Electronic Die Co., » ae 199 
Liberty Ave., Mineola, N. 

* Peterson Products, 1325 OM County 
Rd., Belmont, Calif, 

Peterson Spray Gun Co., 1751 Leslie 
St., San Mateo, Calif. 
Petro-Tex Chemical Corp., P. O. Box 

2584, Houston 1, Texas 

Peuchen Engineering Corp., Basin Rd., 
P. O. Box 3164, Wilmington 4, Del. 

Pfizer, Chas., & Co., Inc., Plastic & 
Plasticizer Dept., 235 E. 42nd St., 
New York, N. Y. 

PharmaPlastics, Inc., 205 S. Smallwood 
St., Baltimore 23, Md. 

Phelps Mfg. Div., Heli-Coil Corp., Dan- 
bury, Conn. 

Pheoll Mfg. Co., Inc., 5700 Roosevelt 
Rd., Chicago 50, III. 

Philadelphia artz Co., 1146 E. Public 
Ledger Bldg., Philadelphia 6, Pa. 

* Phillips Chemical Co., 916 Cherokee, 
Bartlesville, Okla. 

Phillips- Foscue Corp., 1050 W. Green 
St., High Point, N. C. 

Phoenix Plastics Co., 1423 S. 28th St., 
Phoenix, Ariz. 

Phoenix Plastics Corp., Main St., Clin- 
ton, Mass. 

Photobell Co., Inc., 43 Vesey St., New 
York 7, N. Y. 

Photomation, Inc., 96 S. Washington 
Ave., Bergenfield, N. J. 

Pierce & Stevens Chemical Corp., 710 
Ohio St., Buffalo 3, N. Y. 

Pierce Wrapping Machine Co., 1100 E. 
3lst St., La Grange Park, Ill. 

Pierson Plastic Mfg. Co., 601 Del 
Monte Way, St. Louis 12, Mo. 

Pigment Dispersions, Inc., P. O. Box 
175, Roselle, N. J. 

Pikes Peak Plastics, Inc., 109 S. Cone- 
jos St., Colorado Springs, Colo. 

ri Wood Plastic Co., Inc., 245—6th 

Cambridge 42, Mass. 

oie Folding Box, Inc., 165 Front 
St., Chicopee, Mass. 

Pioneer-Hollow Drill Co., 1130 Nebras- 
ka Ave., Toledo 7, Ohio 

Pioneer Plastics Corp., Allen St., San- 
ford, Maine 

Pioneer Plastics, Inc., Box 8066, Arling- 
ton Branch, Jacksonville 11, Fla. 

Pioneer Scientific Co., Div. of Bausch 
& Lomb, Inc., 645 St. Paul St., Roch- 
ester 2, N. Y. 

Pioneer Vallev Plastics Co., 7 Spring- 
field St., Chicopee, Mass. 

Pioneer-Toledo Corp., The, 1130 Ne- 
braska Ave., Toledo 7, Ohio 

Pitman Plastic Products, Inc., 55 Com- 
mercial Ave., Pitman, N. J. 

*Pittsburgh Chemical Co., Grant Bldg., 
Pittsburgh 19, Pa. 

Pittsburgh Plate Glass Co., Chemical 
Div., 1 Gateway Center, Pittsburgh 
22. Pa. 

*Pittsburgh Plate Glass Co., Fiber Glass 
Div., 1 Gateway Center, Pittsburgh 
22. Pa. 

*Pittsburgh Plate Glass Co., Paint Div., 
632 “Fort Duquesne Blvd., Pitts- 
burgh 22, Pa. 


*% Indicates Advertiser 
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Planet Fisting, Co, 1 ine = Flushing 
Ave., Brooklyn 37, 
i Molding Co., 3 $. “Center Ave., 


Plaskolite Inc., 222 Neilston St., Box 
1497, Columbus 15 5, oe 

Plast-Ad Mfg. Co. 322 N 

South Bend 1, Ind. 

Plas Tech Equipment Corp., 4 Mercer 
Rd., Natick, Mass. 

Plasteel Corp. 26970 Princeton Rd., 
Inkster, Mich. 

Plastene Corp., 1001 E. College, Craw- 
fordsville, Ind. 


. Michigan 


*Plastex Co., The, 3232 Cleveland Ave., 


Columbus 24, Ohio 

— Process Co., 230 W. Passaic 

Maywood, N. J. 

Plastic Academy Products Corp., 345 
Central St., Leominster, Mass. 
Plastic Age Sales, Inc., 14300 Daven- 

port Ra Sau 7 Calif. 

Plastic Art Metallizing Corp., 68 Free- 
man St., Brooklyn 22, N. y. 

Plastic Artisans, Inc., Dock St. & Mar- 
tin Place, Port Chester, N. Y. 
Plastic Assembled Products, Inc., 1200 
Rosedale Ave., Baltimore 6, Md. 
Plastic Center, 127 N. Water St., 
Rochester 4, N. Y. 

Plastic Converters, Inc., 17641 Ashland 
Ave., Homewood, iil. 

Plastic Corp., of Chicago, 8722 W. 47th 
St., Lyons, Ill 

Plastic Distributors of New England, 
P. O. Box 574, Manchester, N. H. 


*Plastic Engineering & Chemical Co., 


og N.W. 8th Ave., Fort Lauderdale, 

Fla 

Plastic Engineering Co., Dunnell Lane, 
Pawtucket, R. L. 

atte Engineering Co. of Tulsa, 510 

Sheridan, Tulsa, Okla. 

Pastis Engineering & Sales Corp., 
2628 St. Louis Ave., Fort Worth, 
Texas 

Plastic Enterprises, 20-16—130th St., 

College Point 56, N. Y. 

Plastic Extruded Products Co., 309 
Port Ave., Elizabeth 1, N. J. 

Plastic Extrusion & Engineering Co., 
Inc., 15-17 E. Main St., Westboro, 
Mass. 

Plastic Fabricants, Div. of The Wood- 
man Co., Inc., 647 E. College Ave., 
Decatur, Ga. 

Plastic Fabricating Co., Inc., 722 E. 
9th St., Wichita 5, Kan. 

Plastic Fabricators, Inc., 15 S. 4th St., 
Fernwood (Del. Co.), Pa. 

Plastic Film Co., a 475 Fifth Ave., 
New York 17, _Y. 

Plastic Glass dg 106 Rutherford St., 
Newark 5, N. J. 

Plastic Industries, Inc., Box 224, 
Athens, Tenn. 

Plastic Inlays, Inc., 282 Broad Street, 
Summit, N. J 

Plastic Laminating Co., Wallingford 
Rd., Swarthmore, Pa. 

Plastic Laminating Corp., 2087 Spring- 
field Ave., Vauxhall, N. J. 

Plastic Machinery Exchange, 426 Essex 
Ave., Boonton, N. J 

Plastic Masters, Inc., New Buffalo, 
Mich. 

Plastic Materials & Polymers, Inc. 
New South Rd., Hicksville, N. Y 
Plastic Model Engineering, 14530 Ar- 

minta St., Van Nuys, Calif. 

Plastic Mold & Die Co., 237 Jackson- 
ville Rd., Hatboro, Pa. 

Plastic Mold & Tool Co., 7347 State 
Rd., Philadelphia 35, Pa. 

Plastic Mold Tool & Die Co., Inc., 1 
Maple St., E. Rutherford, N. J. 


Plastic Molded Products Co., 6044 
Pulaski Rd., Chicago 46, Ill 


*Plastic Molders Supply Co., Inc., 74 


South Ave., Fanw 

Plastic Molding Corp., Newtown, Conn, 

Plastic Molding Fousent Inc., 487 For- 
est St., Kearny, N. J. 

Fase Moldings Corp., 859 Hathaway 

Cincinnati 3, Ohio 

Plastic Pa ~. Inc., 210 Miller Rd., 
Hicksville, N. 

Plastic Parts & .» 1701 Nebraska 
Ave., Toledo, Ohio 

Plastic Precision Parts Co. "" 4912 W. 
Grand Ave., Chicago 39 

Plastic Process Co., Div. of Monadnock 
Mills, 11200 Hindry Ave., Los An- 
geles 45, Calif. 

Plastic Products Co. of Utah, 937 FE. 
9th St., S., Salt Lake, Utah 

Plastic Products Co ., 24001 Aurora 
Rd., Bedford Heights, Ohio 

Plastic Products, Inc., Pine St., S. Nor- 
walk, Conn. 

Plastic Research Products, Div. of 
Grimes Mfg. Co., 200 Beech St., 
Urbana, Ohio 

as “8 Rotocast a 703 S. La Salle 

Chicago 5, Til. 

Planic Scrap Materials, P. O. Box 31, 
E. Rochester, N. Y. 

Plastic Scrap & Surplus Co., 110 
Pennington St., Newark, N. J. 

Plastic Service Corp 515 Boston St., 
Laporte, Ind. 

Plastic Service Corp., 225 Fifth Ave., 
New York 10, % 


*Plastic Stampin ng Corp., 2232 W. Armi- 


tage Ave., icago 47, Ill. 

Plastic Suppliers, 207 Lakeview Ave., 
Blackwood, N. J. 

Plastic Suppliers & Mfrs., 1635 Scenic 
Highway, Baton Rouge, La. 

Plastic Toys Corp., Main St., Byesville, 


Ohio 

Plastic Welding Corp., 780 Frelinghuy- 
sen Ave., Newark i2, 

Plasti-Cast Mold & Products Co., 774 
Tham Ave., Akron 6, Ohio 

Plastic-Craft Products Corp. 1 Station 
Plaza, West Nyack, Y. 

Plasticite Co 327 Rider Ave., New 
York 51, N’Y 

Plasticles Sie 14590 Schaefer Rd., 
Detroit 27, Mich. 

Plastico, 3200 W. 3rd St., Dayton 17, 


Ohio 

Plasticraft Mfg. Co., 287 Laurel Ave., 
Kearny, N. J. 

Plastics Boeki Co., Ltd., 1, 4-chome, 
Muromachi, Nihonbashi, Tokyo, 
Japan 

Plastics by herman, 1220 S. 49th St., 
Richmond, C 

Plastics by wea 430 W. 13th St. 
Huntington 4, W. Va. 

Plastics Center of Texas, Inc., 317 
Nogalitos St., San Antonio 4, Texas 


— Color Co., Inc., 22 Commerce 


Chatham, N. J. 
Piseiies Corp. of America, 700 Canal 
St., Stamford, Conn. 


*Plastics Engineering Co., 1607 Geele 


ve., Sheboygan, Wis. 

Plastics Engineering of Hawaii. Inc., 
1529 Kalakaua Ave., Honolulu 14, 
Hawaii 

Plastics Extrusion Corp., 1096 Scott St., 
Columbus 22, Ohio 

Plastics. Inc., 304 W. Walnut St. 
Pasadena 3, Calif. 

Plastics, Inc., 224 Ryan Ave., St. Paul 
5, Minn. 

Plastics Industrial Products, Inc., Sum- 
mit St., Peabody, Mass. 

Plastics Molding Co., Inc., 4211 N. 
Broadway, St. Louis 7, Mo. 

Plastics Processing Co., 2210 S. Dort 
Highway, Flint 1, Mich. 

Plastifoam Corp., sho 66 West St., 
Rockville, Conn. 





Plasti-Form, . 4 555 Warren St., 
Phillipsburg, N : 

Plastiline, Inc., 12 1 N. E. 48th St., 
Pompano Beach, Fla. 

Plasti-Line, Inc., P. O. Box 5066, Knox- 
ville 18, Tenn. 

Plastimaster Co., 11365 Humble Rd., 
Houston 16, Texas 

Plastimayd Corp., 2204 S.E. 7th Ave., 
Portland 14, Ore. 

Plastimold Corp., 61 Union St., Attle- 
boro, Mass. 

Plastiplate Co., ie. 7-9 Holmes Ave., 
South River, N. J. 

Plasti-Skill Co., 5. Can Ave., Long 
Island City 1, N. 

Plasti-Vac Corp., 24 , SER St., 

Montgomery, Pa. 

Plasti- Vue, 150-38—12th Ave., White- 
stone 57, Nm 

Plastocon Corp., P. O. Box 29, Ocono- 
mowoc, Wis. 

*Plas-O-Craft Co., Inc., 391 Mulberry 
St., Newark, N. J. 

Plastofilm, Inc., 916 W. Union Ave., 
Wheaton, Ill. 

Plast-O-Matic Corp., 37 Spruce St., 
Leominster, Mass. 

Plastomer Corp., 6433 Epworth, De- 
troit 10, Mich. 

Plastonics, Inc., 595 Tolland, E. Hart- 
ford 8, Conn. 

Plas-Tool Co., 8050 N. Lawndale Ave., 
Skokie, i. 

Plastray Corp., 1225 W. Maple Rd., 
Walled Lake, Mich. 

Plastron Specialties, Inc., 786 Ceres 
Ave., Los Angeles 21, Calif. 

Plastronic Engineering Co., 721 Boston 
Post Rd., Marlborough, Mass. 

Plastronics, Inc., Sub. of Northwest 
Plastics, Inc., Grundy Center, Iowa 

Plastylite Corp., 333 North Dr., 
Plainfield, N. 

Platecraft, Inc., 1106 N. Detroit St., 
Los Angeles ‘46, Calif. 

Plated Moulds, Inc., 252C Lake Ave., 
Yonkers, N. 'Y. 

sthiing Engineering Co., 1928 S. 62nd 

, Milwaukee 19, Wis. 

Plat Corp., P. O. Box 1019, Hartford 
1, Conn. 

Plaxall, Inc., 5-26—46th Ave., Long Is- 
land City se 4 

Plectron Corp., Overton, Neb. 

Plicose Mfg. Corp., 71 Box St., Brook- 
lyn 22, N. Y. 

*Plumb Chemical Corp., 4837 James St., 
Philadelphia 37, Pa. 

Plura Plastics, 17-21 Newark Way, 
Maplewood, N. J. 
Plymouth Cordage Co., 
Plymouth, Mass. 

a uth Fibres Co., Inc., Traffic & 
Palmetto St., Brooklyn 97. N. Y. 

Plymouth Industrial Products, Inc., 502 
Indiana Ave., Sheboygan, Wis. 

Poinsettia Co., Inc., 112 Cedar Ave., 
Pitman 7, N. J. 

Polo Plastics Co., 1718 N. Ist St., Mil- 
waukee 12, Wis. 

se Industries, Inc., 12177 Montague 

Pacoima, Calif. 

Poly Pl; astic Products, Inc., 

Paterson 4, N. J. 


Pe " Resins, 11661 Wicks St., Sun 
Valley, Calif, 


Polycast Corp.., The, 69 Southfield Ave., 
yy Conn. 


y-Cell Plastics Co., Smithtown, N. Y. 
, ae Corp. of fumes, State 
J. 


Court St., 


2—4th Ave., 


Highway 130, Cranbury, N 


Polyform Plastics Co 24 Universi 
Place, New York 3 aN me 2 ad 


Polygon Plastic Co., “we dai Rd., E., 
Walkerton, Ind. 


*% Indicates Advertiser 


Polyken Sales Div., The Kendall Co., 
309 W. Jackson. Blvd., Chicago 6, 


i 

Polykote, Inc., 877 Addison Rd., Cleve- 
land 3, Ohio 

Poly-Kote, Inc., 82 Chestnut St., N. 
Attleboro, Mass 

Polymer Chemical Co., 5920 Carthage 
Ave., Cincinnati 12, ‘Ohio 


* Polymer Corp., The, 2120 Fairmont 


Ave., Reading, Pa. 


*Polymer Corp., The, Molding Resins 


Dir. 2120 Fairmont Ave., Reading, 

> 

Polymer Corp., The, Whirlclad Div., 
3120 Fairmont Ave., Reading, Pa. 

Polymer Corp. of Pennsylvania, The, 
2140 Fairmont Ave., Reading, Pa. 

Polymer Dispersions, “Inc., 303 High 
St., Fairport Harbor, Ohio 

Polymer Industries, Inc., Springdale, 


Con 
Polymold Plastics, Inc., 3417 N. West- 
ern Ave., Chicago 18, Ill. 
Polyneering Enterprises, Inc., P. O. Box 
5281, Tulsa, Okla. 


*Polypenco, ee. 2150 Fairmont Ave., 


Reading, Pa. 

Polyplastex United, Inc., 870 Spring- 
cid Rd., Union, N. 

Polyply Co., 3866 Sequoia St., San 
Diego 9, Calif. 

Polyrez Co., Inc., S. Columbia St. 
RR., Woodbury, N. J. 

Polyspand, Inc., 149 Shaw Ave., Irving- 
ton 1], N. 

Polystructures, Inc., 41 Montvale Ave., 
Stoneham, Mass. 

ee Corp., 1121 Clinton, Hoboken, 


Polyies Industrial Finishes Corp., Affili- 
ate of Atlas Coatings Corp., 5-31— 
47th Ave., Long Island City 1, N. Y. 

Polyvinyl Chemicals, Inc., 26 Howley 
St., Peabody, Mass. 

Port Erie Plastics, Inc., 561 E. 18th 
St., Erie, Pa. 

Portage Plastics Co., Inc., 1325 Adams 
St., Portage, Wis. 

Porter, H. K., Co., Inc., Thermoid Div., 
Tacony & Comly Sts., Philadelphia 


24, Pa. 

Porter-Cable Machine Co., 700 Mar- 
cellus St., Syracuse 4, N. Y. 

Portland Co., The, 58 Fore St., Port- 
land, Me. 

Portz Plastics & Fibre Co., 411 N. 3rd 
St., Milwaukee 3, Wis. 

Poser, J., & Co., Inc., 251 W. 30th 
St., New York 1, N. Y. 

Possis Machine Corp., 1645 Hennepin 
Ave., Minneapolis 3, Minn. 

Post Electric Co., Inc., P. O. Box 335, 
Andover, N. J. 

Potdevin Machine Co., 200 North St., 
Teterboro, N. J. 

Powers Regulator Co., The, 3400 Oak- 
ton St., Skokie 34, Til. 

Powertron Ultrasonics Corp., Roosevelt 
Field, Garden City, N. Y. 


*Powhatan Mining Co., 6721 Windsor 


Mill Rd., Baltimore 7, Md. 
Pratt & Whitney Co., Inc., Charter 
Oak Blvd., W. Hartford 1, Conn. 
Precision Coating Co., Inc., 37 Frank- 
lin, Needham Heights 94, Mass. 
Precision Molded Plastics, Inc., 2014 
W. 53rd St., Cleveland 2, Ohio 

Precision Phenolics, Inc., 10031 Frank- 
lin Ave., Franklin Park, Ill. 

Precision Plastics Co., 4655 Stenton 
Ave., Philadelphia 44, Pa. 

Precision Plastics, Inc., Swihart St., 
Columbia City, Ind. 

Precision Plastics Products, Inc., 225 N. 
Racine Ave., Chicago 7, Ill. 

Precision Products Co., Inc., 252 E. 
16th St., Paterson, N. J. 


*Producto Machine Co., 


Precision Thermometer & Instrument 
“ gh eee St., Philadel- 
phia 30, 


a ' Pp. “En wee Machine Co., 


.S. Hi way 22, Hillside 5, 


N. . 4 
Premier Plastic Mfg. Co., 6812 W. 
Lake St., Minneapolis 26, Minn. 
Premier Plastics Co., 204 W. Washing- 
ton St., Milwaukee 4, 
Premier Thermo Plastics _ Middle- 
town Rd., Jeffersontown, Ky. 
Premier Vacuum Process Corp., 58-87 
—55th St., Maspeth 78, N. Y. 


*Premix, Inc., W. Adams St., Conneaut, 


Ohio 

Presco Plastics, 121 N. Broadway, Mil- 
waukee 2, Wis. 

Preservation Packa be § Inc. ; 1407 
Chestnut Ave., Hillside, N 


ae, ie Plastics, Inc., Fig Ww. 


Erie 12, Pa. 


poe. She Plastics, Inc., Pharmaceu- 


tical Div., Conneaut, Ohio 

Prewitt Plastics Co. . M Madison & Holley 
Sts., Clifton Heights, Pa. 

Pribble Plastics Products, Inc., 554 
Eben St., New Haven, Ind. 

Price Bros. Plastics tg 38 Austin 
St., Worcester 8, 

Price-Driscoll Cm, "5 5 Milbar Blvd., 
Farmingdale, N. 

oe raat Inc., 240 Sheridan 

Ave., Buffalo 11, N. Y. 

Princess pa 137—12th St., Brook- 
lyn 15, 

Printloid, 3 “9.0944 Ave., Long 
Island City LN. 

Printon Corp., 310 ¥ 23rd St., New 
York 10, N. Y. 

Process Engineering & Machine Co., 
Inc., 442 York St., Elizabeth 4, N. J. 

Process Equipment Corp., Film Div., 
358 W. Ontario, Chicago, Til. 

Process Gear Co., 4616 W 
Chicago 39, il. 

Process Mold Co., 19665 Schoenherr 
Ave., Detroit 5, Mich. 

Proctor & Schwartz, Inc., 7th St. & 
Tabor Rd., Philadelphia 20, Pa. 
Procunier Safety Chuck Co., 18 S. 

Clinton St., Chicago 6, Ill. 

Prodel, S.A., Societé de Produits In- 
dustriels, 58, Avenue de Versailles, 
Paris 16, France (U.S. Rep.: Ferber 
Trading Corp. 42 W. 33rd St., New 
York 1, N. Y.) 


. Fullerton, 


*Prodex Corp., King George Rd., Fords, 
N, J 


Product Engineering & Development 
Co., 9 N. Tyler Ave., Hopkins, Minn. 

Product Packaging Engineering, 5713 
Joanne Place, Culver City, Calif. 

The, 990 Hous- 


atonic Ave., Bridgeport, Conn. 


*Progressive Machine Co., Inc.,198-202 


E. 25th St., Paterson 4, N. J. 
Progressive Molded Products Corp., 
1100 S. Morgan St., Bluffton, Ind. 
Progressive Plastics Mfg. Corp., 175 E. 

153rd St., Bronx 51, N. Y. 


*Progressive Tool & Die Co.., 530 Bos- 


ton Turnpike, Shrewsbury, Mass. 

Progresswerk, P. O. Box 163, Cooper 
Station, New York 3, N. Y. 

Prolon Plastics, 221 Pine St., Florence, 
Mass. 

Prospect Mold & Die Co., 1817 Front 
St., Cuyahoga Falls, Ohio 


*Protective Closures Co., Inc., Mokon 


Div., 2207 Elmwood Ave., Buffalo 
23, N. Y 


Protective Lining Corp., 22 Woodhull 
St., Brooklyn 31, N. Y. 

Protective Treatments, Inc., 420 Dell- 
rose Ave., Dayton 3, Ohio 

Prufcoat Laboratories, Inc., 63 Main 
St., Cambridge 42, Mass. 
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Milwaukee 45, 
Pula Qo 550 High -, Perth Am- 


boy, N. J. 

Pabvasuing Machinery Div., Metals 
Disintegrating Co., Inc., 30 ‘Chatham 
Rd., Summit, N. J. 

Putnam Chemical Corp., Beacon, N. Y. 

4 Corp., Germantown Pk. & 
Felton Rd. ” Kunthows, Pa. 

*Pyles Industries, Inc., Sub. of Kent- 
Moore Org., Inc., 20855 Telegraph 
Rd., Detroit 41, Mich. 

Pyramid Industrial Finishing Co 
os Southern Blvd., New York 
















































































Pyramid Plastics, Inc., 554 W. Polk 
St., Chicago 7, 


nie ‘Plastics Corp., Pyro Park, Union, 


ithestione Instrument Co., Inc., 92 
Portland Ave., Bergenfield, N. J. 
Pyrometer Service Co., Inc., 348 River 
Rd., N. Arlington, 'N. i 

Pyrotex Co., Inc., 287 Whitney St., 
Leominster, Mass. 

Pyroxylin Products, Inc., 4851 S. St. 
Louis Ave., Chicago 32, IIl. 
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*Quaker Oats Co., The, Chemicals Div., 
pisochendioe Mart Plaza, Chicago 54, 

















Quality Machine Co., 1840 Given Ave., 
Bronx, N. Y. 

Queen Products, Inc., - Georgia 
Ave., Providence 5, R 

Quelcor, Inc., 
Chester, Pa 

Quick hee Quick Plastics Div., 
1680 Cooper St., Jackson, Mich. 

Quincy Compressor Co., 217 Maine St., 
Quincy, IIL. 

*Quinn-Berry Corp., 2609-17 W. 12th 

St., Erie, Pa. 


























Front & Som Sts., 




































































R. A. Chemical Comp. 819 E. 42nd St., 
Brooklyn 10, N. 

R. C. Can Co., 9430 Page Ave., St. 
, “am 32, Mo. 
C. Molding, ne, S. 6th St., 
. Hyde Park, 

R & K Plastic ~LB Co., 3891 W. 
150th St., Cleveland 11, Ohio 

R.E.C. Mfg. Corp., 1250 Highland St., 
Holliston, Mass. 

Racine Hydraulics & Machinery, Inc., 
2000 Albert St., Racine, Wis. 

Radiant Heat Enterprises, Inc., 
Morris & Essex Turnpike, Short Hille 
















































































J. 
*R: idiation Applications, Inc., 36-40— 
Long Island City 1, N. Y. 
Rede ra of America, Front & 
Cooper Sts., Camden 2, N. J. 
Radio Frequency Co., Inc., 44 Park 
St., Medfield, Mass. 
Raffi & Swanson, Inc., 100 Eames St., 
Wilmington, Mass. 
Rainbow Plastic Products, Inc., 6012 
Wayzate Blvd., Minneapolis 16, 
Minn. 


mance Mfg., Inc., 501—3rd St., Frank- 
in, Pa. 
Rainier Plywood Co., 2142 East D St., 
Tacoma 2, Wash. 
*Rainville Co., Inc., The, 839 Stewart 
Ave., Garden City, N. Y. 
Ramco L- uipment Corp., Div. of Ran- 
dall Mfg. Co., Inc., ae Edgewater 
Rd., New York 59, N. Y. 


* Indicates Advertiser 
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Pulp Reproduction Co., anes W. Clarke 





Rampe Mfg. Co., ne Woodworth 
Ave., Cleveland 10, Ohio 
Rand Development 1 ww 13600 Deise 
Ave., Cleveland 
Rand Rubber Co., 397 Sumner Ave., 
Brooklyn 16, N. Y. 
Randazzo Plastic Co., Inc., 1536 W. 
Slauson Ave., Los Angeles 47, Calif. 
ee Products Co., 12th St., Carl- 
sta J. 
Ransohoff Co., N. 5th St. & Ford Blvd., 
Hamilton, Ohio 


Rapids Machinery Co., 889—1lth St., 
Marion, Iowa 

Raritan Plastics Corp., Oakland, N. 

Rarolite Chemical Co., 270 Linco 


Blvd., Middlesex, N. J. 
Raven Industries, Inc., P. O. Box 227, 
Sioux Falls, D 


Rawsan Corp., 4305 E. 10th Lane, 
Hialeah, Fla. 
Ray Products Co., Inc., 703 S. Palm 


Ave., Alhambra, Calif. 
Raybestos-Manhattan, Inc., 75 E. Main 
t., Stratford, Conn. 
Ra woe. Manhattan, Inc., 61 Willett 


Passaic, N. J. 

yo 8. Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. 

Ra sone Electronics, Inc., 66 Needham 

Newton 61, Mass. 

Rayelee, Inc., 261 E. 5th St., St. Paul 

inn. 

Rayll poets Co., 584 Broadway, 
Brooklyn 6 Y 

Rayon Processing co. oe. & I 
Moshassuck St., Pawtucket, R. I. 

Rayonier, Inc., 161 E. 42nd St., New 
York 17, N. Y. 

Raytheon Mfg. Co., 103 River St., Wal- 
tham 54, Mass. 

Read Standard, Div. of Capitol Prod- 
ucts Corp., 901 S. Richland Ave., 
York, Pa. 

Recto Molded Products, Inc., 4425 Ap- 
pleton Ave., Cincinnati 9, Ohio 

Red Spot Paint & Varnish Co., Inc., 
110 Main St., Evansville 8, 

Rediweld, Ltd., Kelvin Way, Crawley, 
Sussex, England 

Reed Plastics Corp., 116 Gold St., 
Worcester 8, Mass. 

*Reed-Prentice Div., Package Machinery 
Co., 330 Chestnut St., E. Long- 
meadow, Mass. 

*Reeve Electronics, Inc., 609 W. Lake 
St., Chicago 6, Ill 

Reeves Bros., Inc., 
New York 18, N. 

Reflin Co., 5730 Kearney Villa Rd., 
San Diego 1l, Calif. 

Regal Plastic Co., 2800 E. 14th St., 
Kansas City 27, Mo. 

Regal Plastic Supply Co., 828 Wilson 
St., Shreveport, La. 

Regal Plating Co., 427 N. Hull Ave., 
Benton Harbor, Mich. 


2 Sixth Ave., 


*Reichhold Chemicals, Inc., 525 N. 


Broadway, White Plains, N. Y. 


Reichhold Chemicals, Inc., Alsynite 
Div., 4654 De Soto St., San Diego 
9, Calif. 


*Reichhold Chemicals, La > Modiglass 


Fibers, Inc. Div., 
Bremen, Ohio 
Reichhold Chemicals, Inc., Specialty 


Chemicals Div., Box 9405, Austin 17, 
Texas 


Box 86, 


*Reifenhauser Plastics Machinery Co., 


Frankfurter 46, Troisdorf, Bez-Kéln, 
West Germany (U. S. Rep.: Reifen- 
hauser U. S. Sales Corp., 111 Eighth 
Ave., New York, N. Y.) 


Reinhard, J. A., Co., Mountain Home, 
a. 





Reinhardt Plastics Co., 1611-15 Platte 


Reinke De rec eotng’ & Plastice Ca 
g & ics 

., Sub. of Haveg Industries, 12897 

* goal Highway, Norwalk, 


Reinhold, Plastics, Inc., 8763 
Crocker x tH Angeles 3, Calif 
Reiss Assoc., Reiss Ave., Lowell, M 
#Reliable Rubber & Plastic Machinery 
Co., Inc., Sod Union Turnpike, 
North Bergen, N i 
Reliance Electric & gineering Co., 
= Euclid Ave., Cleveland 17, 


olen Plastic & Chemical Cone. 110 
Kearney St., Paterson 26, 

Remington Arms Co., Inc., 890. Barnum 
Ave., Bridgeport "2, Conn. 

Remler Co., 2101 Bryant St., San Fran- 
cisco 10, "Calif. 

Ren Plastics, Inc., 5422 S. Cedar St. 
Lansing 9, Mich. 

Repco, Inc., 2264 Main St., Jefferson, 
Mass. 

Repro Design & Equipment Co., 1310 
E. Elizabeth Ave., Linden, N. J. 

ae yy Molding Corp., 6467 N. Avon- 
ale Ave., Chicago 31, Il. 

Research, Inc., P.O. Box 6164, Edina 
Station, Minneapolis 24, Minn. 

Research Products Co., 1415—3rd St., 
S., St. Petersburg, Fla. 

Research ~~ Inc., P. O. Box 358, 
Suffern, N. 

Resi- Chem, A Bw. of Brown Co., 1000 
E. Broadway, Swanton, Ohio 

Resin Systems Div., Fenwal, Inc., Pleas- 
ant St., Ashland. Mass. 

Resincraft Plastics, Inc., 1300 W. 
Fletcher St., Chicago 13, Tl. 

*Resinoid Engineering Corp., 3445 How- 

ard St., Skokie, Til. 

Resinwood Mfg. Co., 114 W. Cypress, 
rea, Calif. 

Resisto Chemical, Inc., P. O. Box 1945, 
Wilmington 99, Del. 

~~ Corp., ‘Woodland Rd., Rose- 


and, N. 
Revell, Inc., "4223 Glencoe Ave., Ve 
nice, Calif. 
Rex Plastics, Inc., P. O. Box 948, Thom- 
asville, N. C. 
*Rexall Chemical Co., Paramus, N. J. 
Rexco Chemical Co., 11602 ‘Anabel 
Ave., Garden Grove, Calif. 
Rexton Finishes, Inc., 62 Woolsey St. 
Irvington N. 
Reynolds Chemical Products Co., 435 
Ww. pent Mile Rd., Whitmore Lake, 
Mich. 


Reynolds Metals Co., Plastics Div., 
6601 W. Broad St., Richmond 28, 
Va. 


Reynolds Plastics, Inc., 40261 Thirteen 

Mile Rd., Walled Lake, Mich. 
*Rezolin, Inc., 1651—18th St., Santa 
Monica, Calif. 

Rhinelander Paper Co., Div. of St. Re- 
gis Paper Co., 515 Ww. Davenport St., 
Rhinelander, Wis. " 

Rhode Island Laboratories, ee. 100 
Pulaski St., West Warwick, R. L 
Rhodes, Philip H., & Associates, 2861 
Sidney Ave., Cincinnati 25, Ohio 
Rhodia, a, 60 E. 56th St. New 

York 22, N. Y. 

Rich Plastic Products, 57 High St. 
Meriden, 

Richard Alan Button Co., Oscar Dr., 
Roosevelt, N. J. 

Richards, J. A., Co., 903 N. Pitcher 
St., Kalamazoo, 

Richardson Co., The, 2747 Lake St., 
Melrose Park, Ill. 

Richardson Scale Co., 688 Van Houten 

Ave., Clifton, N. J. 





R 
F 
F 
I 


*) 


Rich-Tex, Inc., 50 Commerce Rd., Ce- 
dar Grove, N. J. 
se & Plastic Co., 2175 


S. Salt Lake City 15, Utah 

Ridge Printing Co., Inc., 535 Oritan 
Ave., Ridgefield, N. J. 

ag oon Instrument Group, Schlum- 

ber Corp., P. O. Box 337, Ridge- 

field, Conn. 

*Riegel Paper Corp., > Madison Ave., 
New York 17, N. Y 

Riegel Paper Corp., Lassiter Div., 143 
E. Railway Ave., Paterson 3, N. J. 

Rippolite Plastic Products, Inc., 3910 
Cohasset St., Burbank, Calif. 

*Riverdale Color Co., Inc., 5 Oliver St, 
Newark, N. J. 

Bivens Plastics An 220 Miller 

Hicksville, N. Y. 

Riveraide Plastics, Inc., 140 Green Ave., 
Woodbury, N. 

Robbins, Jim, Co., henson High- 
way at 14 Mile i Royal Oak, 


Mich. 
Robeco Chemicals, ne, 25 E. 26th 
St., New York 10, N 
Robinson Air-Activated iets Sys- 
a, 80 Fifth Ave., New York 11, 
N. Y. 
Robinson Industries, Inc., 3051 Curtice 
Rd., Coleman, Mich. 
Robinson, Lewis & Rubin, ine, = 
Lafayette St., New York 13, N 
Robinson Plastics es 132 ‘Ae 
St., New York 13, N. Y. 
Rochelle Plastic Mold Co., Inc., 35 
Sebago St., Clifton, N. j. 
Rochester Urethane Co., Inc., Div. of 
Ontario Plastics, Inc., 2501 Dewey 
Ave., Rochester 16, N. 
Rockford Molded 7 aN ot Inc., 2230 
Kishwaukee St., Rockford, Til. 
Rockwell, W. S., Co., 200 Eliot St., 
Fairfield, Conn. 
Rodgers Hydraulic, Inc., 7401 Walker 
St., Minneapolis 26, Minn. 
*Roehlen Engraving Works, Box 412, 
Rochester 2, N. Y. 
*Rogan Bros., 8031 N. Monticello Ave., 
Skokie, Til. 
Roger Mfg. Co., 5200 E. 12th St., Oak- 
land 1, Calif. 
Rogers Associates, Inc., Box 752, W. 
Caldwell, N 
Rogers Corp., Rogers, Conn. 
Rogers Mfg. a The, P. O. Box 50, 
Rockfall, Conn. 
Rogers, V. F., 4320 Fox St., Denver 
16, Colo. 
*Rohm & Haas Co., 222 W. Washing- 
ton Sq., Philadelphia 5, Pa. 
*Roll-Die & Mold Decorators, Inc., 3713 
Oakwood Ave., Youngstown 9, Ohio 
Rollway Bearing Co., Inc., A on Sey- 
mour St., Syracuse ‘4, N. 
Roltex Process Corp., 161 E. ie Ave., 
Roselle, N. J. 
Romar Plastics, Inc., 1311 E. Main St., 
St. Charles, Tl. 
Rome Plastic Specialties, Inc., 43 Ox- 
ford, Worcester 9, Mass 


*Rona Pearl Corp., Div. of Rona Labor- 
atories, Inc., E. 2lst & 22nd Sts., 
Bayonne, N. J. 


Rosbro Plastics a na 999 Main St., 
Pawtucket, R. 


Rosenstock, David a 401 Broadway, 
New York 13 , N. ¥. 


Rosenthal, Aen A., 3 Park Row, New 
York 38, N. 


Ross, Charles, 4 Son Go. 
Classon Ave., Brooklyn 5 
Ross, Milton, Co., The, a lecheen> 

__ Ville Rd., Hatboro, Pa. 


* Indic Indicates Advertiser 


oo 
o Ne 


*Rubber Co: 


Ross & Roberts, Inc., 1299 W. Broad 
St., Stratford, Conn. 
Ross Sarmows, Corp., 237 Jacksonville 
Rd., Hatboro, Pa. 
Rostone Corp., Rd. 52 S., Lafayette, 


my 
*Rotherm Engineering Co., Inc., 7280 


W. Devon se 


cago 31, 
Rotobond —P 


0. Box 69, "Bound 


Brook, N J. 
*Rotuba "Extruders, Inc., 8729 Fourth 


Ave. eee 9, N. Y. 

Roussel Co , 155 E. 44th St., New 
York 17, 

Rowland Prodate’ Inc., Fairview Lane, 
Kensington, Conn. 


* Royce x agg Co., Carlton Hill, N. J. 
*Royle, John, 


& Sons, 10 Essex St., 
Paterson aN 


N. J. 

Roysons, Inc., 51 Commerce Rd., Ce- 
ar Grove, eS 

Rubber & Asbestos Coe, 225 Belle- 
ville Ave., aS “A 

of America, New South 
Rd., Hic ville, N 

Rudd Plastic Fabrics corp. 620—62nd 
St., Brooklyn 20, N. 


stadoleh, Martin, Velbert, West Ger- 


Ruf f Machine Co., a, ne E. 93rd St., 
New York 28, 

Russell Reinforced ‘plastics Corp., 521 
W. Hoffman Ave., Lindenhurst, 


N. Y. 

Rutherford Machinery Co., Div. of Sun 
Chemical Corp., Se Central Ave., 
E. Rutherford, N. J. 

Ryerson, foseph y * “& Son, Inc., 16th 
& Roc Chicago 8, Til. 


Ss 


S-K-W Mfg. Co., 4630 N. Lamon Ave., 
Chicago 30, il. 


S- “. Plastics, 179 Avenel St., Avenel, 


St. Clair Plastics Corp., 1295 S. Parker 
St., Marine City, Mich. 

St. Louis Plastic Moulding Co., 4605 
Olive St., St. Louis 8, Mo. 

St. Regis Paper Co., Cambridge Pan- 
elyte Molded Plastics Div., Cam- 
bridge, Ohio 

St. Regis Paper Co., Michigan Panelyte 
Molded Plastics Div., Grand St., 
Dexter, Mich. 

&,. 2... is Paper Co., Panelyte Div., 

side Dr., Richmond, Ind. 

mi, ‘ Paper Co., Panelyte Div., 
2403 §S. Burdick St., Kalamazoo, 
Mich. 

St. Regis Paper Co., Panelyte Div., 
Enterprise Ave., Trenton, N. J 

Sajar Plastics, Inc., Gooding Court, 
Middlefield, Ohio 

Salem Plastic Chemicals, Inc., Salem, 
Mass. 

Samafor, 60-62 rue Emile Zola, La 
Courneuve, Seine, France 

Sample Marshall Laboratories, Inc., 63 
Park Ave., Lyndhurst, N. J. 

Sampson Chemical & Pigment Corp., 
2834 W. Lake St., Chicago 12, Ill. 

Sandee Mfg. Co., 735 S. Karlov Ave., 
Chicago 24, ill. 


*Sandman, Eli, Co., 280 Greenwood St., 


Worcester 9, Mass. 

Sandoz, Inc., 61 Van Dam St., New 
York 13, N. Y. 

Sendsteom, J. G., Grinding Wheel Co., 
922 St. james Ave., Springfield 4, 
Mass. 

Sanford Plastics Corp., New Brunswick 
Ave. & Charles St., Matawan, N. J. 





Santa Barbara Plastics, Sub. of Narmco 
Industries, Inc., Goleta, Calif. 

Santay sore 351 N. Crawford, Chi- 
cago 

Santay Eastern, i, 432 N. Franklin 
St., Syracuse 4, * 

Saratoga agg .. Box 490, Bel- 
lows Falls, V 

*Sarco Co., Sng Sm Madison Ave., 
New York 22, . 3 
& - 5a Corp. 

W. Taylor St., Chicago 12, yaad 

Saren, Inc., 818 'N. Kostner Ave., Chi- 
cago 51, 

Sartomer Resins, Inc., 32nd & Spring 
Garden Sts., Philadelphia 4, Pa. 

Sawaya Mfg. Co, Inc., 305 State St., 
Trinidad, 

Scaico Gakude, ‘Inc., Ye O. Box 41, 
Cooper St., Delanco, N % 

Scheidl Mfg. Co., 1985 Great Neck Rd., 
Copiague, N. Y. 

Schenectady Varnish Co., Inc., o- 

gress & = spend t 1,N 

Schieldahl, G J Co., P. O. Box 170, 
North rthfield, M inn. 

Schlumber. eper © Comp. ., Old Quarry Rd., 
Ridgefield ; 

Schori Process ad Port Washington, 


. & 
Schramm Fiberglass Products, Inc., 
a W. Montrose Ave., Chicago 18, 


Schreiter, F. R., Inc., 179 Brook St., 
Clinton, Mass. 
*Schulman, A., Inc., 790 E. Tallmadge 
Ave., Akron, Ohio 
Schulz, Richard O., Co., 2425 N. 75th 
Ave., Elmwood Park ‘35, Ill. 
Schwartz Chemical Co., Inc., 50-01— 
2nd St., Long Island City 1, N. Y. 
Scientific Cast Products Corp., 1390 E. 
40th St., Cleveland 3, Ohio 
Scientific Electric, Inc., 111 Monroe 
St., Garfield, N. J. 
*Scott Testers, Inc., 103 Blackstone, 
Providence 1, R. I. 
*Scranton Plastic Laminating Corp., 
3218 Pittston Ave., Scranton 5, Pa. 
Screen-O-Printer Mfg. Co., 247 Colum- 
bia St., Adams, Mass. 
Seal Cast Co., Inc., 2637 E. Hagert 
St., Philadelphia 25, Pa. 
Sealaround Corp., 2024 S. Wabash 
Ave., Chicago 16, Il. 
Sealol, Inc., P.O. Box 2158, Providence 
a. 
*Sealomatic Electronics Corp., 38 W. 
32nd St., New York 1, N. Y. 
Seal-Peel, Inc., 775 Stephenson High- 
way, Royal Oak 3, Mich. 
Sealview Plastics, Inc., 1010 Ford St., 
W. Conshohocken, Pa. 
Sealy Plastics Corp., Box 89, Rockville, 
Conn. 
*SealZit Co. of America, 3640 Chicago 
Ave., Riverside, Calif. 
Seamlex Co., Inc., 41-23—24th St., 
Long Island City 1, N. Y. 
Seattle Plastic Laminators, 4101 Air- 
port Way, Seattle 8, Wash. 
Sebago Chemical Corp., P. O. Box 126, 
S. Windham, Me. 
Security Plastics, Inc., 4295 E. 11th 
Ave., Hialeah, ’ 
Seder "Plastic Com. 300 N. College 
Ave., Fort Collins, Colo. 
*Seelye Plastic-Fab, Inc., 984 Central 
Ave., Minneapolis 13, Minn. 
*Seiberling Rubber Co., Plastics Div., 
345—15th St., N.W., Newcomers- 
town, Ohio 
Seidensha Electronical Mfg. Co., Ltd., 
23, 2-chome, Asakusa-Torigoe, Taito- 
ku, Tokyo, Japan 
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Stagg, W. Howard, Plastics Engineer- 
ing, ugh . Sergeant St., Philadel- 
phia 25, 

Standard ay & Molding Co., Inc., 307 
S. Eaton St., Baltimore 29, Md. 

Standard Conveyor Co., 315 'N.W. 2nd 
St., N. St. Paul 9, Minn. 

Standard Electric Mfg. Co., 
Ave., W. Berlin, N. J. 

*Standard Insulation Co., Inc., 74 Pater- 
son Ave., E. Rutherford, N. a 

Standard Molding Corp., 1517 E. 3rd 
St., Dayton 2, Ohio 

Standard Plastics Co., Inc., 62 Water 
St., Attleboro, Mass. 

Standard Plastics, Inc., Fogelsville, Pa. 

Standard Pyroxoloid Corp., 85 Pleasant 
St., Leominster, Mass. 

Standard Screw Co., 2701 Washington 
Blvd., Bellwood, Iil. 

Standard Toch Chemicals Co., 2600 
Richmond Terrace, Staten Island 3, 


Haddon 


N. Y. 

*Standard Tool Co., 
Leominster, Mass. 

Standard Ultramarine & Color Co., 24th 
St. & 5th Ave., P. O. Box 2166, 
Huntington 2, W. Va. 

*Standard-Union Fibre Co., 2950 E. 
Tioga St., Philadelphia 34, Pa. 

Stanford Engineering Co., Box 329, 
Salem, IIl. 

Stanley Chemical Co., The, 1418 Ber- 
lin St., E. Berlin, Conn. 

Star Band Co., Inc., Broad & Com- 
merce Sts., Portsmouth, Va. 

Star Expansion Co., Mountainville 
N.Y 


203 Hamilton St., 


Star Mfg. Co., 
ter, Mass. 
Star Mfg., Inc., 107 Industrial Ave., 

Little Ferry, N. J. 
Star Plastic Specialties, 215 A _ St., 
Boston 10, Mass. 

Starlite Industries, Inc., 58th & Market 
Sts., Philadelphia 39, Pa. 
*Statikil, Inc., 1220 W. 6th St., 

land 13, Ohio 
Stauffer Chemical Co., Molded Prod- 
ucts Div., < =. 26th St., Los 
Angeles 23, 
Stauffer-Hewitt, Box A, Franklin, N. J 
Sta-Warm Electric Co., 858 N. Chest- 
nut St., Ravenna, Ohio 
elcote Mfg. Co., 3418 Gratiot St., 
St. Louis 3, Mo. 
re Enterprises, Inc., 
vay, Akron 8, Ohio 
ein, Hall & Co., Inc., 285 Madison 
Ave., New York 17, N. Y. 
isgaard, W. L., & Associates, Inc., 
3446 N. Justine St., Chicago 7, Ill. 
terling Alderfer Co., 3850 Granger 
id., Akron 13, Ohio 
Ster! ng Electric Motors, Inc., 5401 
Telegraph Rd., Los Angeles 22, Calif. 
*Sterling Extruder Corp., 1537 W. Eliza- 
beth Ave., Linden, N. 
*Sterling, ian 5206 W. Clinton Ave., 
Milwaukee 23, Wis. 
t ating Molders, Inc., 
, Lockport, N. Y. 
Ste - ng Plastics Co., 
Ave., Union, N. J. 
stevens, J. P., & Co., Inc., Stevens 
Bidg., Broadway at 4lst St., New 
York 36, N. Y 
Stevenson Co., The, Wellsville, Ohio 
Sticht, Herman H., Co., Inc., 27 Park 
Place, New York 7,N. Y 
timsonite Div., Elastic Stop Nut Corp. 
of America, 3445 N. Kimball Ave., 
Chicago 18, Ill. 


*% Indicates Advertiser 


100 Water St., 


L.eomins- 


Cleve- 


422 S. Broad- 


180 Van Buren 


1140 Commerce 


*Stokes, F. dz, Sars,” 5500 Tabor Rd., 
Philadelp 
*Stokes-Trenton, Tey 150 Enterprise 
Ave., Trenton 9, N. J. 
Stone Machinery Co., Inc., 316 Fay- 
ette St., Manlius, N. Y. 
Stoner- Mudge Co., 2000 Westhall St., 
Pittsburgh 33, Pa. 
Stott Tool & Machine Co., 61 E. 2nd 
St., Mineola, N. Y. 
Stow’ Mfg. Co., 443 State St., 
hamton, N. 
Stowe-W oodward, Inc., 


Bing- 


- Oak St., 
Newton Upper Falls 64, Mass. 

Strabeg Machine os 817 E. 140th 
St., Bronx 54, ! 

Straus, H. B., vot 891 Longfellow 

Bronx. 59, 

Pare, Plastics Co. 1112 Brook 
Ave., Bronx 56, N. y. 

Strick "Plastics, Spruce & Qth Sts., 
Perkasie, Pa. 

Stricker, Carl, Mechanical Developer, 
35 Leo Terrace, Bloomfield, N. J. 
rs Brunhuber a 19 W. 24th 

New York 10, N. Y. 

Stringfield, Raymond B. 229 S. Nor- 
mandie Ave., Los Angeles 4, Calif. 
Stromes Oven Systems Div., Peter W. 

Stromes Corp., 154 Baxter St., New 
York 13, N. Y. 
Structural Fibers, Inc., Fifth Ave., 
Chardon, Ohio 
*Structurlite Plastics Corp., 
Rd., Hebron, Ohio 
Struthers Wells Corp., Warren, Pa 
Stiibbe, Albert, Maschinenfabrik, Vlo- 
tho/Weser, Kalldorf, West Germany 
Studebaker Hydraulic Products Co., 
7s N. 33rd Ave., Melrose Park, 
Ill. 

Sturtevant Mill Co., 
Boston 22, Mass. 
Success Plastics Corp., 
Indianapolis 6, Ind. 
Suffolk Associates, Inc., 107 E. 38th 

St., New York 16, N. Y. 
Sullifoam, Inc., 2300 Stratford Ave., 
Willow Grove, Pa. 
*Sullivan Varnish Co., 
Chicago 22, Ill 
Summit Industries, Inc., 2104 W. F 
crans, Gardena, Calif. 
Summit Mining Corp., Bashore Bldg 
Carlisle, Pa. 
Sun Oil Co., 1608 Walnut St., Phila- 
delphia 3, Pa. 
Sun Plastic, Inc., 2834 Vincent St., 
Cuvahoga Falls, Ohio 
Sun Steel Co., 1700 W. 74th Place, 
Chicago 36, TIl. 
Sundure Paint Corp., 619 W. Fayette 
St., Syracuse 4, N. Y. 
*Sunlite Plastics, Inc., 1506 W. Pierce 
St., Milwaukee 46, Wis. 
Sunshine Scientific Instrument, 1810 
Grant Ave., Philadelphia 15, Pa. 
Super Tool Co., Div. of Van Norman 
Industries, 21650 Hoover Rd., De- 
troit 13, Mich. 
Superior Laminating Co., 89 Ridge St., 
New York 2, N. Y. 
* Superior Plastics, Inc., 410-430 N. Oak- 
ley Blvd., Chicago 12, IIl. 
Superior Roll Leaf Mfrs., Inc., 14 
Porter St., Hoboken, N. J. 
*Supersonic Blast, Inc., Div. of American 
Technical Machinery Corp., 29 Elm 
Ave., Mt. Vernon, N. Y. 
*Super-Trol Mfg. Corp., 635 Madison 
Ave., New York 22, N. Y 
Sunples Co., Div. of ll Corp., 
225 North Ave., Garwood, N. J. 
Sussex Plastic Co., 85 Academy St., 
Belleville 9, N. J. 
Swan Machine Co., 320 Fifth Ave., 
New York 1, N. Y. 


129 Newark 


103 Clayton St., 


P. O. Box 506, 


410 N. Hart St., 


Swedish Crucible Steel Co., 8801 
Conant Ave., Detroit 11, Mich. 
Swedlow, Inc., "6986 Bandini Blvd., Los 
Angeles, Calif. 
*Sweets, Martin, Co., Inc., The, 3131 W. 
Market St., Louisville 12, Ky. 
a mc 3 Hi, Co., Inc., 554 elm St., 


ay | 
"4115 Packers Ave., Chi- 
1800—165th St., 


Swift. & ‘oo. 
cago 9, I ill. 
Swift & Co., 


Ham- 
mond, Ind. 
*Swift, M., & Soe, 3 Inc., 10 Love Lane, 
Hartford a 
*Switzer Bros., — 4732 St. Clair Ave., 
Cleveland 3, Ohio 
Sylvan Plastics, Inc., 1617 Pennsyl- 
vania Blvd., Philadelphia 3, Pa. 
Sylvania Electric Products, Inc., Chem- 
ical ‘|. Metallurgical Div., To- 
wanda, Pa. 
Sylvania Electric Products, Inc., Parts 
Div., Warren, Pa. 
Symons, Ralph B., Associates, Inc., 3571 
Main Rd., Tiverton, A, 
Synco Resins, Inc., 32 Henry St., 


Bethel, Conn. 
15 River Rd., Oaks, 


*Synthane Corp., 
Pa. 
Synthetic Chemicals, Inc., 8385 McLean 
Blvd., Paterson 4, N. J. 
Synthetic Plastics Co., 88 St. Francis 
St., Newark 5, N. 
* Synthetic Products Co., 1636 Wayside 
Rd., Cleveland 12, Ohio 
Synthon, Inc., 167 Second St., Cam- 
bridge 42, Mass. 
Syntron Co., 390 
Homer City, Pa. 
Synvar Corp., 726 King St., 
ton 99, Del. 
Syracuse Ornamental Co., 
Clinton St., Syracuse > 
ar Plastic Molde cy 106 Seachento 
, Syracuse 2, 


Lexington Ave., 

Wilming- 
, 581 S. 
de. 


T 


T & M Textile Mfg. Sales Corp., 15 
Greenpoint Ave., Brooklyn 22, N. Y. 

T. O. Plastics, Inc., 2901 E. 78th St., 
Minneapolis 23, Minn. 

Taber Instrument Corp., 107 Goundry 
St., N. Tonawanda, N. Y. 

Taccone Corp., North East, Pa. 

Taussig, F. H., 175 W. 76th St., New 
York 23, N. Y. 
‘avklo Co., Ltd., The, 
Galt, Ont. 

‘avlor Custom Compounding Co., 1249 
Walnut St., Erie, Pa. 

Tavlor Fibre Co., Box 471, Norristown, 
Pa. 

*Taylor Instrument Companies, 95 Ames 

St., Rochester 1, N. Y. 

*Taylor, Stiles & Co., 
Riegelsville, N. J. 
Taylor-Emmett Controls, Inc., 445 E. 
Turkeyfoot Lake Rd., Akron 19, 

Ohio 

Tech-Art Plastics Co., 111 Ridgedale 
Ave., Box 739, Morristown, N. J. 

Technical Industries, _— 518 Barron 
Ave., Woodbridge, N. J. 

Technical Product Co., 369 ee 
Ave., New York 17, N. 

Technical Research Anke P. O. Box 
869, Pasadena 20, Calif. 

Technical Tape “< 240 North Ave., 
New Rochelle, 

Technicraft stg ae Common- 
wealth Ave., Boston 34, Mass. 

Techniform, Inc., 7756 Balboa Blvd., 
Van Nuys, Calif. 

Technigraph, 1012 W. 5th St., Winona, 
Minn. 


P. O. Box 276, 


13 Bridge St., 
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Techni-Plastics, Inc., 4 Yennicock Ave., 
Port Washington, N, Y. 

Technique Associates, Inc., 1413 N. 
Cornell Ave., Indianapolis 2, Ind. 
Teel Plastics Co., Inc., 426 Hitchcock 

Baraboo, Wis. 
Teitelbaum, N., Sons, Inc., 261 Grand 
orga | New York 51, N. Y. 
Telemat 21 Lafayette St., 
alin, ” Mass 
Tennessee Corp., 1330 W. Peachtree, 
Atlanta 9, Ga. 
*Tennessee Products & Chemical Corp., 
2611 West End Ave., Nashville, Tenn. 
Tenney Engineering, Inc., 1090 Spring- 
field Rd., Union, N. J. 
Terkelsen Machine Co., 326 A St., 
Boston 10, Mass. 
Terox Corp. ef America, 3550 Lombard 
Ave., Franklin Park, Ill. 
Testing Machines, Inc., 72 Jericho 
Turnpike, Mineola, : We 
Tetrafluor, Inc., 343 Hindry Ave., In- 
glewc l, Calif, 


Tewes Plastics Corp., Pearl St., Wau- 
kesha, Wis. 

Texaco, pe, 135 E. 42nd St., New 
York 17, Y. 


Texas kB & Chemical Corp., 
529 Fifth Ave., New York 17, N. Y. 
Texstar Plastics, A Div. of The Tex- 
star Corp., 1400 Henderson St., P. O. 
Box 1440, Forth Worth 1, Texas 
Textile Rubber Co., Inc., Bowdon, Ga. 
Textileather Div., The General Tire & 
Rubber Co., 607 Madison Ave., 
Toledo 3, Ohio 
Tex-Trude, Inc., P. O. Box 12465, 
Houston 17, Texas 
*Thermatron Co., The, Div. of Willcox 
& Gibbs Sewing Machine o. 214 
W. 39th St., New York 18, , A 
*Thermel, Inc., 9400 W. chtneen Rd., 
Franklin Park, Til. 
wits 7 Electric Co., Inc., 109 Fifth 
Saddle Brook, N. a, 
The a Corp., Fairground Dr., Man- 
lius, N. Y. 
Thermomat Co., Inc., 623 Prospect St., 
Rear, Trenton 8, N. J. 
*Thermoplastic Equipment Corp., Div. 


of Thermoplastic Processes, Inc., 
1261 Valley Rd., Stirling, N. J. 
*&Thermoplastic Processes, Inc., 1268 


Valley Rd., Stirling, N. J. 

Thermo-Plastic Foaduels, Inc., 1645 Old 
County Rd., San Carlos, Calif. 

Thermotech Plastics, Inc., Thermoset- 
ting Affiliate of Booker & Wallestad, 
Inc., 3326 Gorham Ave., Minneap- 
olis ‘26, Minn. 

Thielex Plastics Corp., The, P. O. Box 
518, New Market, N. J. 

*Thierica Studio, Inc., 900 Clancy, N.E., 

Grand Rapids 5, Mich. 

Things, Inc., 845 Broadway, Denver 3, 
Colo. 

Thiokol Chemical Corp., 780 N. Clin- 
ton Ave., Trenton 7, N. J. 

Thomas, Charles W., Inc., 
St., Philadelphia 24, Pa. 

Thomas Plastikraft Corp., Campion Rd., 
New Hartford, N. Y. 

316 E. 


4540 Worth 


Thombert, Inc., 
Newton, Iowa 


Thompson Als Finstien, 185 Second St., 


Mineola, 


7th St., N 


” 


Thompson Dhol Co., 90 Mendon 
Ave., Pawtucket, R. I. 
Thompson, H. I., Fiber Glass, 1733 


Cordova St., Los Angeles 7, Calif. 


Thompson, Weinman & Co., 52 Van- 
derbilt Ave., New York 17, N. Y. 


Thomson-National Press Co., Dean 
Ave., Franklin, Mass. 
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*Transilwrap Co., 





Th Gap. 1 Middle St., New Milford, 


ms... "Power Tool Co., 175 N. State 
St., Aurora, Ill. 
*Thoreson-McCosh, Inc., 18208 W. Mc- 
mo. Rd., Detroit 19, Mich. 
, Wm. R, & Sons, Div. of J. M. 
re vo. 550 New York 
. al a) J. 

Thunderbird Plastics, Inc., 650 Ottawa 
Ave., N., Minneapolis 22, Minn. 
Thwing-Albert Instrument Co., 5398 
Pulaski Ave., Philadelphia 44, Pa. 
Ti-Co Industries, Inc., P. O. Box 185, 

Tipton, Ind. 
Tico Plastics, me, ¥ W. 13th St, 
New York 1 
Ticonderoga Chocnical Corp. ., Margue- 
rite Ave., Leominster, Mass. 
Tietz & Baur Plastics, Inc., 5009 W. 
Lake St., Melrose Park, Ill. 
Tiger Plastics Com. 307 Richardson 
t., Brooklyn 22, 
Tillinghast bins 7 Germany, 
1901 Victoria Dr., Fullerton, Calif. 
yt | G., Inc., Milltown Rd., Union, N.J. 
Timadco Inc., 72 Jericho Turnpike, 


Mineola, N » A 
Timely Pedosts Co., 308 Rodgers Rd., 
The, 1835 


Des Moines 15, lowa 

Timken Roller Bearing Co., 
Dueber Ave., Canton 6, Ohio 

Tinnerman Products, Inc., P. O. Box 
6688, Cleveland 1, Ohio 

Tiso, John E., Mold Co., 580 Oak St., 
Copiague, N. Y. 

Titanium Pigment on, 111 Broad- 
way, New York 6, N Y. 

Todaro, S.., S. 52 Trinity Place, Buf- 
falo 1 N. 

Toko Machine “Industry Co., Ltd., No. 
9, 2-chome, Kanda Suda- cho, ” Chi- 
yoda-ku, Tokyo, Japan 


Toledo Plastics om ‘0., 397 Phillips Ave., 
Toledo 12, 


Toledo Scale, i of Toledo Scale 
e 1087 Telegraph Rd., Toledo 
a io 


Tompkins’ Label Service, Frankford 
Ave. at Allegheny Ave., Philadel- 


phia 34, Pa. 
Tonawanda Engineering Co., Tona- 
wanda, » 4 


Topflight Corp., 160 E. 9th Ave,, York, Pa. 
Torsion Balance Co., The, 35 Mon- 
hegan St., Clifton, N. J. 


Tote System, Inc., 710 S. 7th, Beatrice, 
Neb. 


Tower Iron Works, Inc., 
Seekonk, Mass. 


Toyad Corp., P. O. Box 30, Latrobe, 
Pa. 


Tower Rd., 


Tracerlab, Inc., 1601 Trapelo Blvd., 
Waltham 54, Mass. 


4427 N. Clark St., 
Chicago 40, Ill. 

Trans-Matic Mfg. Co., 5501 W. Mont- 
rose Ave., Chicago 41, IIl. 


Transplastics Corp., 67 Rogers St., 
Cambridge 42, Mass. 

Trans-Plastics Corp., 6700 Morgan 
Ave., Cleveland 27, Ohio 

Trans-Poly Corp., 151 Mt. Vernon Ave., 
Mt. Vernon, N. Y. 

Triana, Rafael, 1061 - Nicholas Ave., 
New York 32, N. 

Trico Machine Ak Corp., The, 
10926 Avon Ave., Cleveland 5, Ohio 

Tri-Kris Co., Box 631, Lansdale, Pa. 

Trim Molded Products Co., Inc., Rt. 5, 
Box 65A, Burlington, Wis. 

Trimold, Inc., 1011 Military Rd., Ken- 
more 17, » A 


Tri-Point Plastics, Inc., 175 I. U. Wil- 
lets Rd., Albertson, N. Y. 









Tri-State Plastic Molding Co., 505 
Fourth St., Henderson, Ky. 

Tri State Specialty, Inc., Box 480, Mid- 
dletown, N. 

*Triulzi, A., Of. sas, Via Vialba 56, 
Novate, "Milan, Italy 

Trivac Co., 2029 Granville Ave., Los 
Angeles 25, Calif. 

Troester, Paul, Maschinenfabrik, Am 
Brabrinke  2- “ Hannover-Wulfel, 
West German 

*Tronomatic Machine Mfg. Corp., 25 
Bruckner Blvd., New York 54, N. Y, 

*Troy Mills, Inc. - <A Madison. Ave., 
ew York 16, N 

Truscon ata lh Div. of Devoe 
& Raynolds Co., Inc., 1700 Caniff 
St., Detroit 11, Mich. 

Tuff-Clad, Inc., W. Oak St. Ext., Kent, 


Ohio 
Tumble-Buff Laboratories, Inc., 95-10 
Tuckerton St., Jamaica 33, N. Y. 
Tumb-L-Matic, Inc., St. Marys St, 

Stamford, Conn. 
Tae Co., N. Smithfield, Woonsocket, 


Turchan Follower Machine Co., 26950 
Van Born Rd., Box 657, Inkster, — 
Turner Halse % 40 Worth St., 
York 13, aoe 4 loa’ od 
Mount Vernon Mi 
Turner Machine . Inc., 58-40 Maple 
Ave., Danbury, Conn. 
*Turner Machinery, Ltd., Plastics Div., 
Bramley, Leeds 13, England 
Turner Tanning Machinery Co., 
65 Walnut St., Peabody, Mass. 
20th Century Plastics Co., 4210 N. 
Sayre Ave., Chicago 34, il. 
Tyer Rubber Co., 10 Railroad Ave., 
Andover, Mass. 
Tylene bing 
Michigan City, I 
Tyler, W. S., Co., 3615 Superior Ave., 
Cleveland, Ohio 


Rn Freyer Rd, 


U 


UBS Chemical Co., Div. of A. E. Staley 
ne Co 491 Main St., Cambridge 


Uddeholm Co. of America, Inc., 155 
E. 44th St., New York 17, N. Y. 
Uhlich, Paul, & 7. Inc., 90 West St. 

New York 6, 
Ultra aaceeiaetins & Mfg., 110 
Cedar Ave., Pitman 7, N. J. 
Ultra Plastics, Inc., 28th & Parrish 
Sts., Philadelphia 30, Pa. 
Ultra Ray Pearl Essence Corp., 146 
Pleasant St., Hyannis, Mass. 
* Ultra Sonic Seal Inc., 76 Madison Ave., 
New York 16, N. Y. 
Ultrasonic ab nl Inc., Ames Court, 
Plainview, N 
Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., 270 Park Ave., 
New York 17, N. Y. 
Union Carbide Corp., Silicones Div., 
270 Park Ave., New York 17, N. Y. 
*Union Carbide International Co., Div. 
of Union Carbide Corp., 270 Park 
Ave., New York 17, N. Y. 
*Union Carbide Plastics Co., Div. of 


Union Carbide oo, 270 Park Ave., 
New York 17, N. Y. 


Union Carbide Matta Co., Div. of 
Union Carbide Co 796 Freling- 
huysen Ave., Newar "12, N. J. 


Union Ink Co., Inc., 455 Broad Ave., 
Ridgefield, N. J. 

Union Oil Co. of California, P. O, Box 
7600, Los Angeles 54, Calif. 


Union Paste Co., 1605 Hyde Park Ave., 
Hyde Park 36, Mass. 





Union Tool Corp., The, 900 N. Detroit 

St., Warsaw, 
xUnion Tool & Engineering Co., 332- 
336 Jones St., Dayton 10, Ohio 

United Carbon Co. ae 410 Park Ave., 
New York 22, 

United Clay da ae 101 Oakland, 
Trenton, 

*xUnited Cork Companies, Uni-Crest 
Div., 29 Central Ave., Kearny, N. J. 

United Electric Controls Co., 85 
School St., Watertown 72, Mass. 

United Fabricators & Electronics, Inc., 
S. Greeley St., Stillwater, Minn. 

United Laboratories - 801 E. Lin- 
den Ave., Linden, N. J. 

United Laminations, Inc., 1311 Lacka- 
wanna Ave., Mayfield, Pa. 

United Mask & Novelty Co., Inc., 70- 
02—70th Ave., Glendale, N. Y. 

United Merchants Industrial Fabrics, 
1407 Broadway, New York 18, N. Y. 

United Progress, Inc., 54-60 Dott Ave., 
P. O. Box 5186, Albany 5, N. Y. 

United Sales Service, 8864 W. Pico 
Blvd., Los Angeles 35, Calif. 

United Sensor & Control Corp., 122 
Naubuc Ave., Glastonbury, Conn. 
United Shoe Machinery Corp., 140 

Federal St., Boston 7, Mass. 

United Shoe Machinery Corp., Shelton 
Div., River Rd., Shelton, Conn. 

*U. S. Borax Research Corp., 412 Cre- 
scent Way, Anaheim, Calif. 

United States Chemical Milling Corp., 
Omohundro Fiberglass Div., 
ee Ave., Manhattan Beach, 
aur, 

U. S. Electrical Motors, Inc., 150 W. 
Slauson Ave., Los Angeles 54, Calif. 

United States Gasket Co., Plastics Div. 
of Garlock, Inc., 602 N. 10th St., 
o ee N. J. 

S. Glass Fiber Co., 148 Forest St., 
” Sane Conn. 

*United States Gypsum Co., 300 W. 
Adams St., Chicago 6, II. 

*U. S. Industrial Chemicals Co., Div. of 
National Distillers & Chemical Corp., 
99 Park Ave., New York 16, N. Y. 

*U. S. Metal Coatings Co., Inc., 224 
Lincoln Blvd., Middlesex, N. J. 

U oe Mineral Wool Co., Stanhope, 


U. S. ‘Peroxygen Co ., 850 Morton 
_Ave., Richmond, Ca 
S. Plastic Molding ice. 75 Carl- 
ton St., Wallingford, Conn. 

1. §. Plastie Products Corp., Whitman 

F Ave., Metuchen, N. J. 

U. S. Polymeric Chemicals, Inc., Canal 
& Ludlow Sts., Stamford, Conn. 
United States Radium Corp., P. O. Box 

246, Morristown, N. J. 
*U. S. Rubber Co., Naugatuck Chemi- 
cal Div., Elm St., Naugatuck, Conn. 
*U. S. Rubber Co., Royalite Div., 2638 
N. Pulaski Rd., Chicago 39, Til. 
*U. S. Stoneware Co., The, 12 East 
Ave., Tallmadge, Ohio 
Inited States Testing Co., Inc., 1415 
Park Ave., Hoboken, N. J. 
Inited Tool Co., 170 Bennett St., 
Bridgeport 5, Conn. 
Inited Ultramarine & Chemical Co., 
149 Broadway, New York 6, N. Y. 
Jniversal Molding, Inc., 535 N. Keller 
St., Upper Sandusky, Ohio 
niversal Moulded Products Corp., 
Commonwealth Ave., Bristol, Va. 
Iniversal Unlimited, Inc., Pratt Oval, 
Glen Cove, N. Y. 
Universal-Automatic Corp., 9545 Ains- 
lie St., Schiller Park, Ill. 
Urethane Corp. of America, 410 E, 
Center St., Medina, N. Y. 


* Indicates Advertiser 


Urrite Plastics Fabricators, 4740 S. 
Durfee Rd., Pico Rivera, "Calif. 
Utility Mfg, ¢ Co., 4758 S. Kingan Ave., 
y, Wis. 


Vv 


7 Inc. ” 3597 Center Ave. Rd., 


i 

viedinad Ri. Inc., 6827 E. Davi- 
son Ave., Detroit 12, Mich. 

Vacuum Metalizin Corp., 187-10 Ja- 
maica Ave., Hollis ihe 

Vacuum Plastics Corp., 1096 Scott St., 
Columbus 22, Ohio 

Vacuum Plate Corp., 11653 W. Jeffer- 
son Blvd., Culver ‘City, Calif. 

Vacuum Specialties Co., Inc., 34 Linden 
St., Somerville 43, Mass. 

Valchem, Chemical Div. of United 
Merchants & Mfrs., Inc., 1407 Broad- 
way, New York 18, N. ¥. 

Valeo Corp., 1710 Roblyn Ave., St. 
Paul 4, Minn. 

Valco, Inc. 7500—4th St., N., St. Peters- 
burg 3 "Fla. 

Valite Div. of Valentine Sugars, Inc., 
726 Whitney Bldg., New Orleans 2, 


La. 
Valley-National Corp., The, Clark St., 
Milldale, Conn. 


*Van Dorn Iron Works Co., The, 2685 


E. 79th St., Cleveland 4, Ohio 

Van Ness Plastic Molding Co., 610 
Washington Ave., Belleville 9, N. J. 

Van Norman Molding Co., 4631 Cot- 
tage Grove Ave., Chicago 53, IIl. 

Van Vlaanderen Machine Co., 
Straight St., Paterson, N. J. 

Vegeenenr rye Steel Co., Latrobe, 
a. 

Vari-Plastics, a 16th St. & 6th Ave., 
Watervliet, 

Vaupell ieastrial Plastics, 1144 W. 
53rd St., Seattle 7, Wash. 

Velsicol Chemical Corp., 330 E. Grand 
Ave., Chicago 11, IIl. 

Velveray Corp., 15 W. 34th St., New 
York 1, N. Y. 

Verduin, John, Machine eh 345-357 
Tenth Ave., Paterson 4 


Vernon Plastics Corp., 82 3 a St., 
Lynn, Mass. 


*Vernon Specialties, Inc., 42 River St., 


N. Tarrytown, N. Y. 


*Verona-Pharma Chemical Corp., Spring- 


field Rd., Union, N. 


J. 
*Verson Allsteel Press Co., 9348 S. Ken- 


wood Ave., Chicago 19, Til. 


*Vertrod Corp., 2037 Utica Ave., Brook- 


lyn 34, N. Y. 
— Italiana Balzaretti Modigliani 
Via Pirelli 30, Milan, Italy 
Vibration Mountings & Controls, ite 
98-25—50th Ave., Corona 68, Y. 
Vic Mfg. Co., 1313 Hawthorne ye 
Minneapolis, Minn. 

Victor Chemical Works, Div. of Stauf- 
fer Chemical Co., 155 N. Wacker 
Dr., Chicago 6, ili. 

Victor Kellering, Inc., 955 E. 5lst St., 
Brooklyn 3, N. Y. 

Victorville Lime Rock Co., Sub. of 
C. K. Williams & Co., Box 548, Vic- 
torville, Calif. 

Victory Carbide Saw & Tool Co., Inc., 
1027-41 Anita Ave., Antioch, II. 
Victory Mfg. Corp., 1722-42 W. Arcade 

Place, Chicago 12, Til. 

Victory Plastics Co., 81 Apsley St., 

Hudson, Mass. 


*Vinyl Corp., of America, 600 N. Irwin 


St., Dayton 3, Ohio 
Virginia Chemical Corp., 
lane, Lynchburg, Va 


Virginia Plak o, 270 Madison Ave., 
New York 16, N. Y. 


1920 Rose- 


*Waldron- Hartig Div., 


*Wallace & Tiernan, Inc., 


*Watson-Standard Co., 


*Watson-Stillman Press Div., 


*Weber Plastics, Inc., 


Virginia Plastics Co., P. O. Box 165, 
Roanoke, Va. 

Visking Co., Div. of Union Carbide 
Tore. 6 6733 W. 65th St., Chicago 38, 


Vichek Tool Co., Sub. of Pendleton 
Tool Industries, Inc., 3001 E. 87th 
St., Cleveland 4, Ohio 

Vogel Mfg. Co. The, 506 Logan St., 
Bridge Conn 

Voges M "Oe, Inc., 103-11—98th a. 

zone Park 17, ¥. 


*Vogt Mfg. Com, 100 Fernwood Ave., 


Rochester 10, N 

von Opel, Georg, ¢ Sa 15 William St., 
New York 5 } 

The 147 Meadow Rd., 

Rutherford, N. J. 

Vulcan Corp., Sinton Mezzanine, Cin- 
cinnati 1, io 

Vulcan Electric Co., 88 Holten St., 
Danvers 32, Mass. 

Vulcanized Rubber & Plastics Co., 5 S. 
Pennsylvania Ave., Morrisville, Pa. 


w 


W. & A. Machine a 91 Grand St., 
New York 13, N. 

W. & F. Mfg. Co., xs oe 245-251 
Seneca St., Buffalo 5, N. Y. 
W-L Molding Co., the. 8212 U. S. 
Highway 131 S., "Kalamazoo, Mich. 
Wabash Metal Products Co., Inc., P. O. 
Box 305, Wabash, Ind. 

Wachter Plastic Co., 811 T St., Sacra- 
mento 14, Calif. 

Wagner Plastic Corp., 28C Route 88, 
Lakewood, N. J. 

Waldes Kohinoor, Inc., 47-16 Austel 
Place, Long Island City y= as 
Midland-Ross 
Corp., P. O. Box 791, New Bruns- 


wick, N. J. 
*Waliohn Plastics, Inc., 8735 Fourth 
N. Y. 


Ave., sa a 9, 

Wallace, L. R., & Co., 172 N. Vernon 
Ave., Pasadena ‘. Calif. 

Wallace & Tiernan, Inc., 25 Main St., 
Belleville 9, N. J. 

Harchem 

Div., 25 Main St., Belleville 9, N. J. 


*Wallace & Tiernan, Inc., Lucidol Div., 


1740 Military Rd., Buffalo 5, N. Y. 

Waltco Products, Inc., 4501 South 
Western, Chicago 9, Tl. 

Wama Co., The, 501 E. Preston St., 
Baltimore 2, Md. 

Warminster Fiberglass Co., Warminster 
& County Line Rds., Warminster, Pa. 

Wasco Products, Inc., 5 Bay State Rd., 
Cambridge 38, Mass. 

Waterbury Companies, Inc., 835 S. 
Main, Waterbury 90, Conn. 


*xWatertown Mfg. Co., The, 127 Echo 


Lake Rd., Watertown, Conn. 


*Watlow Electric Mfg. Co., 1376 Fer- 


guson Ave., St. Louis 14, Mo. 

925 Galveston 
Ave., Pittsburgh 12, Pa. 

Farrel- 
Birmingham Co., Inc., 565 Blossom 

Rd., Rochester 10, N. Y. 

Watts Regulator Co., Lawrence, Mass. 
Waynco, Inc., Box 303, Winona, Minn. 


*Wavne Machine & Die Co., 375 Broad- 


way, Passaic, N. 
Wayne Plastics Corp. 2330 Dwenger 
Ave., Fort Wavne, Ind. 
Web Controls Corp., 318 Briarcliffe 
Rd., W. Englewood, N. J. 


*Weber Hot Stamping Equinment Co., 


3253 N. Kedzie Ave., 
Til. 


Weber Marking Svstems, Inc., 215 E. 
Prospect Ave., Mount Prospect, Ill. 
Stevens Point, 


Chicago 13, 


Wis. 








ADVERTISERS INDEX 


Modern Plastics Encyclopedia Issue—September 1961 


AB.C.D. Polyethylene 
Ben, CR OR io cknieitban cane cd ollncctine nes 
Ace Plastic Company 
Ackerman-Gould Co., Ime. .. ov... ccccccccsccccscese 
Acme Machinery & Mfg. Co., Inc. ............ee000. 946 
Acme Resin Corporation 
Acromark Company, The 
Adamson United Company 950, 951 
Adco Engineering & Mfg. Co., Inc. ... 945 
Admiral Coated Products Ime. ..........cccccccsccees 815 
Advance Solvents & Chemical 

Div. of Carlisle Chemical Works, Inc. .............. 
Akron Extruders Div., Samco, Inc. ..............+++- 984 
Akron Presform Mold Co., The 
Allied Chemical Corp. 

General Chemical Div. ............ 

International Div. ...... 

Piece Be SIR e ns 6 ocd 0 bcs vekecdetednaeee 501 

Plastics Division 193-196, 439 
Alnor Instrument Co. Div. 

Illinois Testing Laboratories, Inc. .......... 
Alpha Chemical & Plastics Corp. ................0++: 
Alsteele Engineering Works, Inc. ................+++. 891 
American Alcolac Corporation 
American Cyanamid Company, 

Intermediates Dept. ........ 
American Insulator Corp. .... 
American-Marietta Co., Consolidated Engravers Div. 
American Molding Powder and Chemical Corp. ... 
American Pulverizer Co. 
American Smelting and Refining Co., 

Lake Asbestos of Quebec, Ltd., Sub. ..............- 
Amoco Chemicals Corp. ..... 
Amos Molded Plastics Div., Amos-Thompson Corp. .. 
Anchor Plastics Co., Inc. 
Andover Industries, Inc., A Sub of 

Mount Clemens Metal Products Co. ..............- 833 
Ankerwerk International 
Antara Chemicals Div., General Aniline & Film Corp. 507 
Apex Wipes Go ons oo dsvctcccctavecesxecuiadeas 815 
Appleton Machine Co., Doven Div. ............++-+++ 860 
Application Engineering Corp. ..............+00++005 925 
Avgentn Pies GOW. sé vies ck'nc'dd ccddedatatenseebes 492 
Avge: CONE TOR. isi cnnanrstccsssgemeanenes 441, 442 
Artag Pianiien Gide <<d6-0vo-v0s' cen} c0+vdsndev ean 645 
Asbestos Corporation of America 590 
Atlas Hlocishe. Mevtaa Gtiivci<éciccevedcslavdevisnw 917 
Atlas Hydraulic Div., Delaware Valley Mfg. Co., Inc. 884 
Atins Vac Dipaidens Gite. ovicsocccnws cove cdusencwecse 772 
Auburn Plastic Engineering 532 
Automatic Process Control, Inc. .............+++++ 960 


. 414, 415, 546A, 552 


Auto-Vac/Auto-Blow, 

Div. of National Cleveland Corp. ................... 1022 
Avisun Corp., Polymtor Div. ......0600ccccccccccces 367-370 
Axel Plastics Research Laboratories 


ae BE Tastee Dk once vkve ceases cscededecovdeses 
8 err Prerrrrererrererri ieee 
Badische Anilin- & Soda-Fabrik AG 
Baker Perkins (Exports) Ltd. .............sseeeee0s 990D 
I, TIRE Ncinne 6a ccpascusteeseccezes >: vacet es 863 
Barber-Colman Co., Wheelco Industrial 

Instruments Division 
Battenfeld Maschinenfabriken GmbH 1024, 1025 
Beardsley & Piper Div., Pettybone Mulliken Corp. .. 985 
Becker & Van Hullen 
Becwar Manufacturing Corp 
OE US ie en ih dSabnbopaecspacaneeeidel 
Belding Chemical Industries 
Beringer, C. J., Co., Ime. ......... 
Bestwall Gypsum Company 
Binks Manufacturing Company 
Black-Clawson Co., The, Dilts Div. ............0.0++. 
Blane Corp., The 
Bs Bes Ei, Gs ind ended ccetines<steyiiesecsveverbenes 
Belling, Stewart, & Co., Ene. ...ccscccvcvecccsscosses 
Bonnot Co., The, Div., The C. L. Gougler Machine Co. 922 
Borg-Warner, Marbon Chemical Div. ............ 233-240 
Brabender, C. W., Instruments 939 
Bneiins Te Gite, BD oc obo cvticanscdssesececesss 1029 
Burlington Industries, Hess, Goldsmith 

Fiberglass Fabrics & Tapes Div. .............. 588, 589 
Busada Manufacturing Corp. ...........-0.eeeeeeees 549 
aie, Se Ba, Sek cae ods cies s<cccvesevienent 
Bzura Chemical Company Ime. ...........sseeeeeee0% 


Cabot Corporation, Minerals & Chemicals Div. ..... 
Cadillac Plastic & Chemical 
Cambridge Instrument Co., Inc. ..............+e0000: 
CEE Ds ic. 5s Ceci do'e Gave nidccdpesccves 
Campbell-Kent 
Cee TED BUG, icc ccccencicsvdvcsccccdnsesees 
Ss Bs EAE Caine bc vivvccdcccctévccdveténteeseds 
I IS oiise da os vic ce ccs besecencteseetne 
Cay GS BM bine ck ot ce ceccccce sess vdenseceuce 
Celanese Corp. of America 

Celanese Polymer Company Div. .............- 105-112 
Sy I GD, bev cetsebccdies cisvccvecinesonver 1028 
Chamatent Pereeiate COG 6 oc osc ccc cccvcccvecccrestess 
Chemische Werke Huls AG 





Chicago Mold Engineering Co. Inc. ............+++++:- 753 
Chicago Molded Products Corp., Campco Div. ....... 546C 
Chromium Corp. of America 649 
in cei kcbodoneveachat canaeet 102, 103 

IEE DENS pitied coccenseddccnabns ake <aensdne 444, 445 
Cincinnati Milling Machine Co., The, Cimastra Div. 615 
Ce EE SD oc nccscccnbccsecewvscesececss 579 
Claremont Pigment Dispersion Corp. ............... 425 
Cliften Miydraulie Press Co. .......cccccccccsccsccccce 1004 
Colonial Kolonite Company 
Colorite Industrial Dyers 
Columbian Carbon Company 
Comet Industries 
Commercial Plastics and Supply Corp. .............. 
Conapac Corporation Div., Roto-American Corp. .... 1020 
ee SE I oso cecandchdocbadbocsesesies 821 
Conneaut Rubber & Plastics Co. ..................+.- 
Connecticut Plastic Products Co., Inc. ............... 655 
Consolidated Engravers, 

Div. of American-Marietta Co. ..............++++++ 823 
Consolidated Molded Products Corp. ................ 653 
Consolidated Vacuum Corp. ..............00seeeeees 810 
eS ie seks cokeeeswovcssbaneves 651 
Cooke Color & Chemical Co. ...............ceeeeeees 500 
Cosden Petroleum Corporation, 

Chemical and Plastics Div. .......cccocscecccccccece 323 
Cosmos Electronic Machine Corp. ...............++. 1015 
De I, nacctdensdesccenedctodhetecesbsebconene 828 
EEE EE OEE ee) 844, 1008 
Se er Gis TNR so ccs vcrbdecscccesesedanect 812 
NS os ss cic adw pees celd die débewks ewan 655 
Cratex Manufacturing Co., Imc. .........cccccccccees 998 
Cumberland Engineering Co., Inc. .................. 1031 
Se ER 5 dccescreccvcsbeseectésovcese 884 
I INL. dc ccwanebnahe budoeswoss whaeaves 
Custom Scientific Instruments, Inc. .................. 
Ge NE GD davievegecess onbnbedéwhecededasceucet 


ey Be ee CA, OD. bclvdvadcccde cedsaccetscs 
Dake Corporation 
Danly Machine Specialties, Inc. .................+++: 
Danson, Barnett J., & Assoc., Lid. .................... 
Davee, TEST, Meee GR cc ccc ccedccccvewcecsccees 
a oo cob da nednbanéeveceteveddes 
I GI, bo nen Vis cvcdsnceciovcseces 527 
Davis-Standard, Div. of Franklin Research Corp. ... 
Dawson, F. C., Engineering Co. ............:seeeeeees 884 
DeMattia Machine & Tool Co. .................02005: 850 
i ee. cells esece es sideodeen ee 1000 
Detroit Mold Engineering Co. .....................+:- 
Deutsche Advance Produktion GmbH 
DeVilbiss Company, The 
Devoe & Raynolds Co., Inc., Jones-Dabney Co. Div. 317 
Dewitt Plastics 776 
Diamond Alkali Company 273-276, 577 
ee cn dc cenvdscesces occoeseeed 764 
Dilts Div., Black-Clawson Co. ..............0.sce00e- 869 
ES, coc cdciccncdvececeeeéueown 623 
Doven Div., Appleton Machine Co. .................. 860 
Dow Chemical Company, The 

SE IRE SE ee ore a 205-212 
ee, es OO, OO, oa ba veccedocsencvovese 474 
du Pont de Nemours, E. L., & Co. (Inc.) 

Miectrochemsicnls Dept. ..........ccccccccccccess 452, 453 

«of 5 ocsobtudbaun otewaweteeeeus 418 

ES ST ET eT er ae 32 
ED,  ccccccrwewsedescentoebececet 
Dusby Laboratories, Eme. ......cccccccccceccccccccccs 


1208 


Durez Plastics Div., Hooker Chemical Corp. ...... 177-184 
Dusenbery, John, Co., Inc. 872 
Dynamit-Nobel, A. G. ............ sacnaintenese 541, 627 
Dynisco Div., American Brake Shoe Co. ............ $27 


Eagle-Picher Company, The, Fabricon Products Div. 622 
Eastman Chemical Products, Inc. 

Chemicals Division 

Plastics Division 
Eastman Kodak Company, Plastic Sheeting Div. .... 
Egan, Frank W., & Co 874, 875 
Emeloid Co., Inc., The 

Sub. of Addressograph-Multigraph Corp. .......... 773 
Emery Industries, Inc., Organic Chemicals Div. .. 514, 515 
Engineering Laboratories, Inc. ...............-.000+: 816 
Engis Equipment Co., Hyprez Div. .............++++: 1000 
English Mica Co., The 
Enjay Chemical Co., 

A Div. of Humble Oil & Refining Co. .......... 343, 435 
Entoleter Inc., A Sub of American Mfg. Co., Inc. .... 943 
ey ND Ge TON Se CN Fest vbeeesiceevens ee dese 887 
Erie Foundry Co., Hydraulic Press Div. ............. 977 
Escambia Chemical Corporation 
European Plastic Machinery 
Exact Weight Scale Co., The 
Expandex Corporation 


Fabricon Products, A Div. of the Eagle-Picher Co. ... 
ee De Gh. BOE. icp srdhveeeccesdccdestecees 
Falls Engineering and Machine Co., The 
TR, 2 teed cu ae gees se caedheneeeanbeouwed 
Farbenfabriken Bayer AG 
Farbwerke Hoechst AG 
Farrel-Birmingham Co., Inc. ...................-. 866, 867 

I SD TE, penn cicvcvebicsenccouce 1005 
Farris Universal Machine Corp. .............++++++ 1029 
Fellows Gear Shaper Co., The, 

Se EE, i cbanecossaddcctiocdusessewh 861 
Ferro Corporation 

Color Division 

Fiber Glass Division 
ee Gs IID, TRG: ovccacceccctvcscesdcoceect 
Me atcatinwhontechesaessoudaaedeesensees 
Fine Organics, Inc. 
ee ET GEM, co cncccensccsdscvcevscces 
LO, acc cnccvad ed ndededuadveness sewudses 
First Machinery Corp., The, Falcon Mfg. Div. ........ 
Fitchburg Paper Company 

NN BE as Svccwcicdascccapetesens 
Flexible Products Company 
I, sna iietnahinesacesecudesmiet sence es 
Flick-Reedy Corp., Miller Fluid Power Div. .......... 
ne SS, TO We a sie tcavcsdebuetbadeacs ces 
Flintkote Co., Sealzit Co. of America Sub. ........... 
Food Machinery and Chemical Corp., 


Foremost Machine Builders, Inc. .................... 
Forrest Mfg. Co. Inc. 
UE IIS, on nccnaetarecnccevanebewss iasviuss 918 
Foster Grant Co., Inc., Plastics Sales Div. ........ 157-160 
Frank, J. P., Chemical & Plastic Corp. .............. 345 
Franklin Research Corp., Davis-Standard Div. ...... 938 
Freeman Chemical Corp., 

A Gos OE TE. TE, otartsem Can cocci ccccccccscccade 292 
French Oil Mill Machinery Co., The, 

EE ED IES. os cnucdcccevedidncecedsescseell 974 





intl TOE, GORE bis ca Scbsicccteecscdeiectecevets 366 


G-W Plastic Engineers, Inc. 

Garfield Manufacturing Co. ..............sseeeeeeees 744 
eT COE ec cccndbccccésccgssidecéizveussie 513 
SONI, Sooke ots ck dacbeedseksctdnecees 834 
General American Transportation Corp., Plastics Div. 641 
General Aniline & Film Corp., 

Ge SE GI SI vc cdcccccccndasisstsadics 499 

Ra GE R.. ov vc ii cece cbc camervercvicsces 507 
General Electric, Chemical Materials Dept. 371-374 

Lamp Metals and Components Dept. 830 
General Industries Co., The 778, 779 
ee I Wiodv a vocieductécacedduedeecowen 758 
General Roll Leaf Manufacturing Co. ............... 807 
General Tire & Rubber Co, The, Chemical Div. ...... 387 
CR NG iin 5 50 566s Kecd Koken sis sedédece 591 
Gering Plastics, Inc. 

Div. of Studebaker-Packard Corp. ...............- 117 
Getty Machine and Mold Ime. ..................000+- 918 
Gilman Brothers Company, The 
Glaskyd Incorporated 
Glass Laboratories, Inc., Silvatrim Mouldings Div. ... 
GE Goo vik gnks vet cadscdbeecgueecsqeesdeccen 1036 
Glenn Electric Heater Corp. ..........scsscccccsceess 937 
Glidden Co., The, Chemicals Div. ..............sse00: 491 

Ce EE EIOUS Sv vaccbesesccccoscdencecesenee 626 
Goodrich-Gulf Chemicals, Inc. ..............+s00. 223-226 
Goodyear Tire & Rubber Co., The, Chemical Div. 380, 381 
Gere Tees Gy. nb vccncvcnccnsewesseassnsedoseates 851 
Grace, W. R., & Co. Polymer Chemicals Div. ..... 114, 115 
Guild Electronics, Inc., Dynatherm Div. 887 
Gee THO. cnc ccnecacnsssdoseetddecbessboctabver 939 


H-P-M Div., of Koehring Co. ................++-: 948, 949 
H & R Plastic Industries, Inc. ........ Jadinbevet 
Hamac-Hansella Maschinen GmbH 

Harchem Division, Wallace & Tiernan Inc. .......... 
Hardman, H. V., Co., Inc. 

Harshaw Chemical Co., The 

emt Gabe Ts di cccccvcccccsssnessdescessece 
Harwick Standard Chemical Co. ...........sseeeee0 433 
Hastings & Co., Inc. 832 
Sepeinny  G G  svncesccncndecdencscccancessanenees 571 
Hess, Goldsmith Fiberglass Fabrics and Tapes Div., 

Burlington Industries 
Heyden Newport Chemical Corp., 

Nuodex Products Div. ..ccccccccccccccsccccccccses 438 
Hobbs Minmainetesttiet Oi oo. ccesscnecdésccosccssnceds 963 
Hochman Plastics Machinery Corp. ............++++ 933 
Holland, M., Company 
Hommel, O., Co., The 
Hooker Chemical Corp., Durez Plastics Div. ...... 177-184 
Hopp Press, Inc., The, Hopp Plastics Div. ............ 835 
Howe Sound Co., Peerless Roll Leaf Co., Div. ........ 817 
Hull Corporation 
Humble Oil & Refining Co., 

Enjay Chemical Company Div. ...........++++- 343, 435 
Hurlbut Paper Co., A Sub. of the Mead Corp. ........ 625 
Hysol Corporation 


Imperial Chemical Industries Ltd., Plastics Div. ..... 96 
Imperial Color Chemical & Paper, Pigment Color Div. 427 
Imperial Molded Products Corp. ............+.s+++++ 774 
Improved Machinery Inc. 

Industrial Heater Co., Inc. 


NE SOON TRG: oo ci cic is cocaceccccocccsccencs 
Industrial Research Laboratories 
Injection Molders Supply Co., Inc. ............++++++ 
Instrument Development Laboratories, Inc., 

Sub. of Royal McBee Corp. ............seeeeeeeeees 
Irvin, Jewell & Vinson Co., The 


Jacobs, TH. G. Mile, Oo, Bae. ...00ccccccccscccssovccces 832 
Jessall Plastics Div., The Electric Storage Battery Co. 741 
Johns-Manville Corp. Fiber Glass 

Femme MEnary Ce. ooo. ccc cccccccesccccccccccee 937 
Johnson Mfg. Co., Inc. 

Jones-Dabney Co., Div. of Devoe & Raynolds Co., Inc, 317 
Judelshon, Oscar 1, Inc. 


iter Bile: QO oc vec ccc ccccccctecccescsevoccetetes 
Karitom Machinery Corp. ......cccccccccccccccccseces 
Kautex-Werke 

Kay Machine Co. Ime. 2... .ccsccscccccccccccccccccces 
Kensol-Olsenmark, Inc. 803, 819 
Kentucky Color Div., The Harshaw Chemical Co. .... 430 
Keolyn Plastics, Ime. ......ccccccccccccccccccccccsece 741 
Killion Tool & Manufacturing Co. ...............++. 989 


Kleinewefers, Joh., Sohne 

Koehring Co., H-P-M Div. ..........ccccccsccccees 948, 949 
Koppers Co., Inc. Plastics Division 

Merrie Products, Ime. ....ccccccoccvccccccccsccccesocs 742 
Krafelt Company 

Krauss-Maffei International 

Krieger Color & Chemical Co., Inc. ...........++++++ 
Burz-Masch, Ime. ....cccccsccccccccscsccccccvcccccece 


Lake Asbestos of Quebec, Ltd., 

Sub. of American Smelting and Refining Co. ...... 
Lake Chemical Co. .....ccccccsccccccccccccccccscces 
Bamaert Coe. ccccccccccccccccccccvcccesesccessoscces 
Laminations, Inc. . 

Lawter Chemicals, Inc. 

Lawton, C. A., Co., The 

Lehmann, J. M., Co., Inc., Wm. R. Thropp & Sons Div. 978 
Lembo Machine Works, Inc. ..........-.e+seseeeeeees 
Lester-Phoenix, Inc. 

Liberty Machine Co. Inc. 

Liberty Tool & Machine Co. ............sseseeeeeees 
Lincoln Molded Plastics, Inc. 

Liquid Nitrogen Processing Corp. 

Logan Hydraulics, Inc. 

Lombard Governor Corp., 

Injection Molding Machine Div. .............- 1032-1033 
Be TK. con cdvacctannendecsuavedteceecccssuassnesss 
Lucidol Division, Wallace & Tiernan Inc. 

Lupoline Automatic Polishing Equipment Corp. 
Lydon Bros., Inc. 
Lynch Corp., Plastic Machinery Div. ............ 870, 871 





M-H Standard Corp. 

M & N Hydraulic Press Co. ........sccsesseseeceeees 
Machinery Products Corp. 

Marblette Corporation, The 

Marbon Chemical Div., Borg-Warner 

Marshall and Williams Corp. 

Marvel Engineering Co. ...........sseeeeeeeceesecees 1023 
Matrix Controls Co., Inc. 

































































































































































































































































Mayer Refrigerating Engineers, Inc. ................. 


Mayflower Electronic Devices, Inc. .................- 964 
ED NE os ax occ ncdnemibeteddonbnanet iodnes 534 
McKesson & Robbins, Chemical Dept. ............... 424 
Mead Corp., The, 

ee ere ee 625 

ey i ES 0 cekh one nbc0c6 ek taedesrntos 631 
ED a tnccn cd chon ce tebbedbibeshétxecceses 493 
Meiki Co., Ltd., Hydraulic Dept. ................. 882, 883 
IE oo necccdcns nents scl edebeatacel 344 
Se IO.» ok cn cceecentesacedenttendhds kc 428 
Michigan Plastic Products, Inc. ................ssee0: 759 
Mico Instrument Company ......ccccccccsccccccccccs 1018 
Midland Die & Engraving Co. ...........cceeesccencs 654 
Midland-Ross Corp., Waldron-Hartig Div. .... 991-996, 1044 
Miller Fluid Power, Div. of Flick-Reedy Corp. ....... 873 
NON SUNS GOGO, oc incccdadesoncesesdvedases 643 
Mitchell Specialty Div., Novo Industrial Corp. ....... 417 
en ees. Ce., EAE, 6c cccccvcsnsctsbedetoves cs 176 
EN SE eee oem Fe ee 997 
GND GID ccciicec cucvoccecsctiwedunabeans 385 
i SE i, COR, oo pa concen cdibecubeuneaunues 774 
Modern Plastic Machinery Corp. ............... 1006, 1007 
TO, . vcdvndcccatecedndedse deasusene 578 
RS 6 enwicinneus wks chedkbadesel 772 
Molded Fiber Glass Companies ..................+++- 616 
OUR. sind rece dontasdudoewbnne Gane 546B 
Monsanto Chemical Co., Plastics Div. ........... 305-316D 
Morningstar Corporation, The .............+-+-se005 774 
TEI, | BRD necceccadsoscessebecoes tide 116 
Moslo Machinery Company ..............sccceeeeeses 990 
Mount Clemens Metal Products Co., 

Andover Industrie’, Inc. Sub. .................+++: 833 
Ss lee As DS vo vod becidceecvansebevestss 120 
Sens GOO. CS BONIOOR, 6000 cc cccnccsvesensdesiccs 133 
NRC Equipment Corp., 

A Sub. of National Research Corp. ...............- 822 
Nagahama Plastics Industries Ltd. .................. 650 
Ps Ge is EEE, TE. os ccciseencccseccekwonedbs 834 
National Automatic Tool Co., Inc., 

PRD DTN TIOMe vcdccccedsccessoouseses 846, 847 
National Distillers and Chemical Corp., 

U.S. Industrial Chemicals Co., Div. ............ 293, 296 
PR Ee CED oc 0.0 cndnvncnsie sneeeatires 432 


National Lock Company, Industrial Hardware Div. 1777 
National Plastics Products Co., The, Molding Div. ... 774 


National Polychemicals, Inc. ........ccccccccccscecss 416 
National Rubber Machinery Co. ................. 952, 953 
National Vulcanized Fibre Co. ...............+0. 620, 621 
ET, vicceknGien ov cedensiesrenaenenaaveh 1019 
New England Butt Company, Div. of Wanskuck Co... 842 
New Hermes Engraving Machine Corp. .............. 825 
ek cnn neh as chewed devcenedeverasdebe 762 
Newark Die Hobbing and Casting Co. ............... 763 
Newbury Industries, Inc. .................se08 1038, 1039 
Nixon-Baldwin Chemicals Inc. ..............+.se00+5 551 
Nopco Chemical Co., Plastics Div. ..............+++++ 421 
Novamont Corp., Sub. of Montecatini S.G. ........... 325 
Nuodex Products Div., 

Heyden Newport Chemical Corp. ...............+++- 438 
ES TIRIIO éxdeate' dsc otcmabdsedeoeedvevedéés 386 
Olympia Tool and Machine Co. ..............ss0+00: 890 
Orange Products, Inc., Plastic Ball Div. .............. 831 
ee ee 1008 
ee ee I IL cccckccchodechennscabedbiasaaws 1009 
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Package Machinery Co., Reed-Prentice Div. ...... 982, 983 
Pantex Manufacturing Corp. ..............-+++++ee08 1010 
Pasley’s Plastic Products, Inc. .............seseeeee08 776 
Patent Button Co. of Tenn., Inc. Plastic Molding Div. 1776 
es Ce no cicngdtévurvetessnndiareces 493 
Paterson Parchment Paper Co. ..............++-- 629, 642 
Peerless Roll Leaf Co., Div of Howe Sound Co. ...... 817 
Penmaes CREE. GOOD... cckccdccevctcccvescecsecevs 346 
Perforating Industries, Inc. ..........ccccccccccceces 548 
Re NS orcas stcncntekenardendoset copes 743 
Peterson Electronic Die Co., Inc. ............000e00+: 768 
ce Re a ana 946 
Phillips Chemical Company .................++++- 375-378 
Pittsburgh Chemical Co. Industrial Chemicals Div. 503-506 
Pittsburgh Plate Glass Co., Fiber Glass Div. ......... 586 
Pittsburgh Plate Glass Co., Selectron Products ....... 119 
a wine pie 758 
Plastic Molders Supply Co., Inc. ..........22-eeeeee0% 429 
ene Te GO, antic cee. cc ccvereb vceseccescen 534 
Plastic Engineering and Chemical Co. ............... 942 
OR, cn cktbnadccdsotneeeesesebes 426 
Plastics Engineering Company ............-.ssseeee 101 
ee Gi: nap pss coer edeengacttncdds dens 940 
Pe TN BR. 6 oo oo 0 cic nnd cesencendebicies 655 
Plumb Chemical Corporation .................s+005 366 
ey SI IO, 5 5 cuwodh cukevenc csemmsdanee 572 
OE Ce is bb abies 6:6 nah ncend oo'o neds cost aren S44 
Powhattan Mining Company ................eceeeees 581 
Preis, H. P., Engraving Machine Co. ................-. 831 
DE BO s ctcninhtcnsts civ ebideanentaetinienndel 618 
Pemeee Tile PRG, ocecccrvsetepcoeboceddoedans 766 
Wee Cam oiins vik Bree éxesichondavisate 1034, 1035 
Producto Machine Co., The, Plastics Machinery Div. 859 
Progressive Machine Co., Ime. .......-cccccccsccccces 954 
POOGRNEe TEs Ge Oh ncn cedscccsccdncccccecesn 1011 
Protective Closures Co., Inc., Mokon Div. ............ 954 
Petit CR, SUD. dodo dncsincectedsase cvvesesiciae 1028 
ee re eT oe 640 
Pyrometer Instrument Co., Inc. .............62000+0: 941 
Quaker Oats Co., The, Chemicals Division .......... 440 
SE WINES Soap oo ache ness cd enes8dscessanbenss 769 
Radiation Applications Inc. ..........cccccssssecsess 366 
Ci SR TE bn w'c kc 0.0, s.cweidenteeed bneens 955-958 
Randolph Products Company ............++sseeeeees 837 
Raybestos-Manhattan, Inc., Reinforced Plastics Dept. 580 
Reed-Prentice Div., Package Machinery Co. ..... 982, 983 
OE Ts 6 iis netinsnetivceness shetaedl 933 
BateReNS GOURII, FRR: oscccccccecencncdscésccocs 185 
Reifenhauser KG Maschinenfabrik ................. 999 
Reliable Rubber & Plastic Machinery Co., Inc. ...... 1000 
Resinoid Engimeering Corp. ....0.ccccccccssccccccccs 760 
Rexall Chemical Company, 

A Div. of Rexall Drug and Chemical Co. ....... 364, 365 
EL nie scene doedees ccdecsemeeekesbetsheudea 326 
Pe UN GO caine cade wresceguaséqusceeseenset 632 
ED: CO A. BO coc conccvescesppeceussdécees 507 
Roehlen Engraving Works ..........ccscsecssscseees 818 
i I TM 24 en aces geetkebe boedeentaate 768 
SE Ee SN cots hudhasiabwousvans es eeds 85-92, 447-450 
Roll-Die & Mold Decorators, Inc. .................... 652 
Mmm Ratewatbeten, Dae. cesecccecccvcccccccncéccesess 478 
Rotherm Engineering Co., Inc. ..............0eee008% 964 
Roto-American Corp., Conapac Corp. Div. ........... 1020 


Rotuba Extruders, Inc., The 


wee ee Pee ee eee eee eee eee 








Royce Chemical Company 
Royle, John, & Sons 
Rubber Corp. of America 
Rudolph, Martin, Velbert 


Dam Te E05 402% ic kcceedeseesedensss ended 
is TI ndS ess 2s cvcresvesnsasacéecemaent 363 
Daglh Te es eth d vende ccd hsndsceteteseetactons 967 
Scranton Plastic Laminating Corp. .................. 546D 
Sealomatic Electronics Corp. .............seeeeeeeee: 852 
Sealzit Co. of America, Sub. the Flintkote Co. ....... 1001 
Bookye Fete ek TM. ns vcsccccnccdeccnecabesescses 837 
Seiberling Rubber Co., Plastics Div. ................. 
Sepanski and Associates 

Servospeed Div., Electro Devices, Inc. 

aS ee GI Es in Kcr kniesetdeconensnevecesces 
Shell Chemical Co., Plastics & Resins Div. 

Sierra Electric Corporation 

Silvatrim Mouldings Div., Glass Laboratories, Inc. . 
Simco Company, The 

See IU vias. o So aba kie bs ceca baetascudinad 
Sinclair-Collins Vaive Co., The, 

Div. of International Basic Economy Corp. ......... 879 
Dale CE GN skis cohen cabesdcwesnsevusrees 
Solvay & Cie 
Sonneborn Chemical and Refining Corp. Div., 

Wit Cae Ci I oo <n s os bceintewccodesccs 
South Florida Test Service, Inc. ..................-- 
Southern Plastics Company 
CR EI 5. 0:65:05 vc cendedewebebeseeverts 
Sees Ts ao 60 v0.0 500 ccctnewus duaneten 382, 383 
IIS, Seed chars ddoiesvsccnsaeed cnieweusote 
Standard Insulation Company, Inc. ................ 
Standard Tool Company 
Standard-Union Fibre Co. 

Statikil, Inc. 

Spee HI TEED 5 vcs adap cnmeedeeeecaeenneabe 
Sterling Inc., Industrial Control Div. .............. 969 
Sterling Extruders 1016, 1017 
Stokes, F. J., Corporation, Plastics Equipment Div. . 855-858 
Stokes-Trenton Inc. 742 
Dirmaterieie Wy GE, | 6.0. ccsndansteccshivesises 624 
Sullivan Chemicals Div. of Sullivan Varnish Co. .... 818 
Seis Fe oot vb bevy 0c vercduebovatexiedess 770 
Depenine Te ob. yn5s cinco ova saeau besadeedases 
Supersonic Blast Inc. 

Div. American Technical Machry, Inc. .............. 820 
Spee EEGs Te GE. bee 6 onde ned 0 00d0ecese tenses 966 
Sweets, Martin, Co., Inc., The 
rte, Fe is hve vacnucconedbathat nomena 837 
Supine TI, - vocckscvacndéunbasadiataeeisun 497 
Synthane Corporation 
Dyess Te Ws 6. vvw 00's sucecnnnsesdcdevesen? 


Taylor Instrument Companies 

Bagh, TIS sé vdsonseunneds scaaslsvissccbecn 
Tennessee Products & Chemicals Corp. .............. 
Thermatron Electronics Div., Willcox & Gibbs 

Thermel, Inc. 

Thermo Electric Co., Inc. ..........cscseecesess coco: ae 
Thermoplastic Equipment Corp. ................++s- 945 
Thermoplastic Processes, Inc. ...........0.eseceeeeees 546B 
Thierica Studio 829 
SRewe I, TRG. csc cvcessccantienskesevennds 1041 
Thropp, Wm. R., & Sons Div., J. M. Lehmann Co., Inc. 978 
TR. & Gig To cciekovccsteciicaebb eae 771 


MS GBs * 6 isin ccksivndoavedtingeucta sheds tenn 536 
Triulzi S.A.S. 

Tronomatic Corp. 

Troy Mills, Inc., Industrial Products Div. ........... 
Turner Machinery. LAG. ........cccccccccsscccccseses 990B 


Ultra Sonic Seal, Inc., Div. of Kleer-Vu Ind., Inc. .. 814 
Union Carbide Corporation 

Union Carbide International Co. Div. .......... 342 

Uniom Pinsties Ca. Bits. cc cciccccccccecscccccee 
Union Tool & Engineering Co. ..............++++ 
United Cork Companies, Uni-Crest Div. ........... 

U. S. Borax Research Corporation 
WT GRPROE GL. vrce besser c csc sccecc cc ancscndses 
U. S. Industrial Chemicals Co. 

Div. of National Distillers and Chemicals Corp. 293-296 
U. S. Metal Coatings Company 548 
U. S. Rubber Naugatuck Chemical Div. ......... 347-362 

Royalite Plastic Products 
U. S. Stoneware, Process Equipment Div. .......... 
United Ultramarine & Chemical Co., Inc. ......... 


Van Dorn Iron Works Co., The 
Vernon Specialties, Inc. 
Verona Dyestuffs Div. 
Verona Pharma Chemical Corp. . 
Verson Alisteel Press Co. 
ET Ms cc cbu dee baer dernsecns-ortndaensaeeen 1018 
Vinyl Corp. of America 
Vogt Manufacturing Corp. .............-.--seseeeee 


Waldron-Hartig Div., Midland-Ross Corp. 
Wetiets Pinathes, TG. 5c cc ccdccvccrectccccccsccccess 
Wallace & Tiernan Inc. 

Harchem Division 

Lucidol Division 
Watertown Mfg. Co., The 
ey, TN Ee ES ceo cecccestsesenccsccssocs 
I Oi vic cccckcncsddesnecascccessus 324 
Watson-Still Press Div., Farrel-Birmingham Co., Inc. 1005 
Wayne Machine and Die Co. ..............see0e00- 1041 
Weber Hot Stamping Equipment Co. .............. 
el a ckeckeryedeeinheduns veut 
Welt Metseen, Uae. occ cece cccccecccccescscesvs 
Weldotron Corporation 
Weltenttems Beare Gis oc cc cccccccccccctcctccseces 
Werner & Pfleiderer Corp. ..............000005: 1002, 1003 
Went Ematrumemt Cotp. ....cccccccccvccccsscescccces 
Westlake 
Whitlock Associates Inc. 

Whittaker, Clark & Daniels, Inc. ................... 
Willcox & Gibbs, Thermatron Electronics Div. .... 
Williams, George A., & Son 

er ss sn nddcdcercseedtsacenee 1010 
Wilner Wood Products Co. 

Wilner Wood Refinery Div. ...............s0eee0 590 
Wilson-Martin, Div. of Wilson & Co., Inc. .......... 498 
Windsor, R. H., Ltd. 

Witco Chemical Company, Inc. 

Sonneborn Chemical and Refining Corp. Div. .... 
Woloch, George, Co., Ime. .........sceeveeeceeecnees 
Wood, R. D., Company 
Wrenn Paper Co., The, Sub. of The Mead Corp. ... 
Zimmer Plastic GmbH 
EN, SIS icc Gences dapiasdedecacecubbese 
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